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The Programs
at Cornell

At Cornell, graduate study in engineering and
applied scignce is conducted within the context of
a Iar?e.and diverse university with an 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.

Individual graduate programs are organized
according 1o fields of inStruction. So, too, is this
Announcement. In each of the following sections
the advanced-degree programs of a particular
field are described in terms of research and
educational opportunities, the professors who are
invalved inthem, and the facilities that are
available —the kind of information that is often not
found in course cataloq(s, but Is very important to
individual students seeking the best place to
pursue their particular course of study.

The degrees offered in each area include the
research-oriented Master of Science and Doctor
of Philosophy degrees and, in many cases, the
rofessional Master of Engineering degree.
rospective students should un?erstand the
t%eneral nature of the programs leading to each of
ese advanced degrees, as well as the specific
requirements.

All'academic courses of the University are open to
students of all races, religions, ethnic origins,
ages, sexes, and political persuasions. No
réquirement, prerequisite, device, rule, or other
means shall be used by any employee of the
University to encouragé, establish, or maintain
segregation on the basis of race, religion, ethnic
origin, age, sex, or political persuasion in any
academic course of the University.

M.S. and Ph.D. Degrees

The prospective student who wishes to specialize
I an engineering or relatﬁd subjﬁct 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 interests, since admission to the
prggram? is determined by the fa?ulty f the
ndividual fields. The separation of graduate
progﬂrams into fields is necessarily Somewhat
arbitrary; some areas of research’are ,
interdisciplinary in nature, and some of the fields
draw on faculty members in related departments
or areas. The descn’onons 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 maybe helpful in making this
selection. The Special Committee has an
unusually important position in graduate
education at Comnell, for it is whoIIY responsible for
overseeing the student’s course o 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 as they progress intheir studies, however,
may modify their committees at some later time.

Although the Graduate School sets no course,
credit, or grade requirements, leaving these
matters to'the discretion of each Special
Committee, the r%radua_te faculty has, established
general requirements, Including a minimum term
0f residence, an oral examination, and submission
of a thesis based on supervised research.



The Master of Engineering

Degree Program

A one-year program leading to the professional
Master of Engireering degree is offered in eleven
fields of engineering and applied science. The
deErees are:

M.Eng. (Aerospace

. (Agricultura

g. (Chemical)

M.Eng. (Civil) .

M.E 8 Electrical) ,

M.Eng. (Engineering Mechanics)

M.Eng. En?m,eenng Physics)

M.Eng. (Materials)

M.Eng. (Mechanical)

M Eng. Nuclear

.(OR &I

These degrees are intended primarily for students
who wish o prepare for professional careers in
engineering or applied science. They are often
pursued by Comell students who_begin an
mteggﬂed three-year curriculum in thie junior year
of undergraduate study, but they are ofgen to
graduates of other four-year engineering schools.

The program prepares students for practice not
oplg In the well-estaplished engineerin fl,el s but
also In new areas of technology an agp le
science that must be developed to serve the.
needs and to help solve the Sroblems associated
with a complex technology. Development of
technical competence to move into such areas as
water resources, energy conversion, information
processing, or urban planning, for example,
requires training beyond that of a four-year
program, GradUate education is also rieeded as
preparation for work in engineering areas that
require significant econoniic, political,
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environmental, or social competence. The
curricula stress advanced work in a particular
area of application but also have broad flexibility
to accommodate new combinations of course
work. Eyery program emphasizes artlcgaatlon in
a speciiic d smg 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, degiree holders enter
small husinesses or professional practice.in |
industrial, government, or nonprofit organizations.
An Increasing number, however, are using the
M.Eng. curriculum as part of a dual %aduate
egr%e Dprggram Ieadlnﬂ to both the .Enge. and
the’Ph.D. deégrees. Such a program can b
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.

Design work on models of the Cornell electric
caris acontinuing activity in the M.Eng.
(Electrical) degreé program.

Requirements for the degree include thirty credits
of advanced technical work, normally comﬁleted
n tvc\jlc% semetstbers. Of tr&ege, a rrly_nlmumtﬁf tdree
credits must be earned by working on the desjgn
project. Fl,nanma? aid is a\)//allable iqnthe form,ofg
scholarships and loans awarded on the basis of
hoth academic merit and economic need. A
Imited number of teaching assistantships and
fellowships are also opento M.Eng. degree
candidates.

The_programs of the eleven different professional
engineefing fields differ considerably in detail.
Each is deScribed under the appropriate subject
area in the following sections.



Aerospace
Engineering

Aerospace engme,ennﬁ, traditionally concemed
with the flight of aircraft, guided missiles, and
space vehicles, is constantly expanding the
frontiers of its technology and encountering new,
often |nterd|SC|PI|nary, problems. The objective of
8raduat,e rograms in agrospace engingering at

omnell is to educate selected enginéering and
science graduates for research and advanced
development in this science and technology. .
About twenty students are currently enrolled in the

raduate Fiéld of Aerospace Engineering and in

e Master of Engineerin (fAerospace program.
Students who plan to work for the Ph.D. degree
are encouraged to matriculate first in the M.Eng.
program.

Inthe curriculum, emphasis is placed on the
aerospace and assoclated sciences as well as on
current design practice, Students are encouraged
to take courSes in physics, mathematics,
chemistry, astronomy; and allied engmeennq
subjects, as well as those offered by the Fiéld of
Aerospace Engineering in order to Strengthen
their understanding of fundamentals.

Also of interest to aerospace engineering students

are graduate courses offered by the ,closelry]/

relafed Field of Mechanical Engllneer,m . The two
Y

fields conduct a joint weekly colloquium and a

joint weekly research conference at which .

students and faculty members discuss their
progress and the audience makes comments and
su ?estlons. Gradyate students find this
conference particularly helpful in the early phases
of their research. DireCt contact between faculty
members and students is emphasized, and
students are also encouraged to help each other
In solving research problems. The entjre field
operates as a research group, and a friendly,
informal atmosphere prevails.

Facilities

Experimental facilities are available for
laboratory studies in basic fluid mechanics,
aerodynamics, furbulence, gasdynamics,
magnetohydrodynamics, plasmadynamics,
combustion, laser chemistry, geop P/Slca| fluid

d namlis, ferrofluidics, and [%enera acoystics,
The College of Engineering maintains a diversified
machine Shop to support Sponsored research
projects; equipment needed to facilitate original
Investigations can be fabricated.

The field has a Ion? history of pioneering work in
the development of the shock tube as a research
tool for the study of chemical kineticsand
electrically conducting gases and for supporting
studies in‘fusion plasmadynamics and laser
chemistry.

A facility recently constructed in copperation with
the College of Architecture, Art, and. Planning is a
wind tunnel for the studY of peculiarities of flow
around tall buildings. Other wind tunnels are
being used for investigations of turbulence; of
automobile, bicycle, airplane, and windmill
models; and of collisionless plasmas.

Areas of Research

The Field of Aerospace, Engineering maintains an

emphasis on research in basic fluid mechanics,

aerodynamics, magnetohydrodynamics,

turbulence, transonic flow, geophysical flow

problems, and related aspécts of studies in
ollution control and atmospheric dynamics.
urrent projects include several involving



aerngnamlc noise associated with compressors,
turbinés, and helicopters. Also under way are
sound propagation studies designed to find
methoas for Controlling the noisé of aircraft,
particularly around airports.

Various fundamental and applied aerodrnamm
problems characterized by unste,ade/ effects are
subjects of another research project. Also,
aftempts are being made to understand, from the
viewpoint of fluid mechanics, convection cells
driven by radiactivity inside the earth and the
moon, and their geophysical consequences. In
other areas of reSearchi the possibilities of fusion,
Bower are ,beln? explorefi, and Pollutlon control is

eing. studied. The development of com?utmg
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 moldln%_process, the fluid motion and
heat transfer of nighly non-Newtonian polymer
melts are being investigated.

A?tive_ research togics are indicated by the

following examples of recent theses (listed with

the names of the supervising professors% and,

publications. A more complete list of publications

Is available ugyon request. .

Auer, P L 1976. Energy self-sufficiency. Annual
Review of Energy 1:685.

CaugheP/, D. A, and Jameson, A 1977.
Accelerated iterative calculation of fransonic

nacelle flowfields. AIAA Journal 15(10):1474.

Chen, H.-C. 1976, Applications of the finite
element method to compressible flow problems.
Ph.D. thesis (S.-F Shen).

Cramer, M. S.; George, A. R.. and Seebass, A R.
1976. Flowfield in the plane of symmetry below

a delta wing. AIAA Journal 14(2):212.

Crow, J. E.; Auer, P. L; and Allen, J. E. 1975. The
expansion of a plasma into a vacuum. Journal
of Plasma_Physics 14(part_1):65. ,

de Boer, R C. T, and David, T.S. 1977. Highly
negative roPes In a flowing continuum-plasma.
AIAA Joumal 15:694,

de Boer, P C. T, and Miller, J. A. 1976. Boundary
Ia%er effects on density measurements in shock
tubes. Journal of Chemical Physics 64:4233.

George, A. R. 1977. Helicopter noise —state of
theart. Paper no. 77-1337 read at AIAA 4th
Aeroacoustics Conference, 3-5 October 1977
in Atlanta, Georgia. (To be published in Journal
of Aircraft, ,

George, A R, and Kim, Y. N. 1977,
High-frequency broadband rotor noise. AIAA
Joumal 15@7: 38. .

Habashi, W. 1975. A study of the finjte element
method for aerodynamic applications. Ph.D.
thesis (S.-F Shen)y.

Aplasma wind tunnelis used to simulate the

interaction of Earth's magnetic field with the

solar wind in research directed by Professors
Peter L. Auer and P. C. Tobias de Boer (who is
shown at left in the photo).

Homan, H. S, 1978. An experimental studr%/ of
reciprocating internal combustion engines
%oeratmg on hydrogen. Ph.D. thesis P. C. T de

Kosstrin, H. M. 1974. The reduction of nitric oxide
emissions from hydrocarbon combustion
sources. Ph.D. thesis ‘E. L. Resler, Jr.). Patent
no. 4,015,161, Anti-Pollution Spark Plg, issued
March 29 1977, was based on this research.

Lelbovich, S. 1978, The structure ?f vortex
breakdown. Annual Review of Fluid Mechanics
10:221.



Ludford, G. S. S, 1977, Combustion: basic
equations and peculiar asymptotics. Journal de
Mecanique 16(4):531. o

Lumley, J. L. 1977a. Drag reduction in two phase
and” polymer flows Phxsms of Fluids
Supplement 20%%):56 L ,

. 1977b. Some agPhcat[ons of singular,
g,erturbatlons to problems in fluid meChanics. In
ingular perturbations and boundary layer
thedry, ed. B. Gay and J. Mathieu, p¢)
334-350. Berlin, Heidelberg, New York
Springer-Verlag.

Lumley, J. L., and Newman, G. R. 1977. The return
to |so,trok)4y of homogeneous turbulence. Journal
of Fluid Mechanics 82(1): 161.

Nenni, J. P 1976. An asymptotic a%ﬁ),roach to the
separation of two-dimensional laminar boundary
layers. Ph.D. thesis (S.R Shen).

Noir, D. 1975. The absorption of sound b
turbulence, Ph.D, thesis &A. R George). . .

Shen, S.-F 1977. Finite-element methods in fluid
ggg?amcs. Annual Review of Fluid Mechanics

Shen, S.-F, and Nenni, J. P 1975, AsymRtonc
solution of the unsteady two-dimensional
incompressible boundary IaYer and its
applications on separation. In Proceedings of
the unsteady aeﬁdg/namlcs symposium, ed. R.

E., Kinney, pp. 245-259. Tucson: University of
fizona.
Wang, K. K. Shen, S.-F; Stevenson, J. F; and

Higber, C. A. 1976. Computer-aided injection
moldin sKlstem. In Proceedings of the
NSF/RANN conference on production research
and technolo%/, ed. G. Jacobi, pp. 22-28.
Chicago: IIT Research Institute. ,

Warhaft, Z, 1976. Heat and mmstur? flux in the
stratified boundar)f layer. Quarterly Journal of
the Royal Meteorological Society 102:703.

M. Eng. (Aerospace)

Degree Program

The Master of E,ngmeenn}g]; (Aerospace) program
is designed to inCrease the student’s facility"in the
application of the basic sciences to engineering
problems of importance in this field. Bécause ~
aerospace engineering is continually engaged in
new areas, an essential guideline for the program
{s to reach bt%yond prﬁsentddgy prac}lces ?hn
echniques; thiis is achieved by sypplying the
stugen with the,]lun(?amental gacl@gun% and the
analytical techniques that will remain useful in all
modem engineering developments.

The drag of racing vehicles was studied in a
Master 0f Engineering degree project
suPerwsed by profesSor Albert R."George (at
left). The students are measuring drag forces
onamodel (below) of a compefition face car.

The program is jntended Prlmanl 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
re also encoura%ed to'matriculate as candidates
or the M.Eng. (Aerospace) degree. A candidate
normall¥ has a ackgtr)ound equivalent to an
accredited four-year bachelor's degree program



in aerospace or mechanical engineering or in
%n%l?eerm% phXSI(B‘S; a student wnE a different

atkground may be required to take
supplemental courses.

Requirements for the degree include the
comﬁletlon of four three-hour core courses in fluid
mechanics, theoretical aerodynamics, or .~
high-temperature gasdynamics, all areas in which
aclive research is being carried out.

Available core courses are Physics of Fluids |,
Combustion Processes, Dynamics of Flight
Vehicles, Fluid Mechanics'land Il, Incompressible
and Compressible Aerodynamics, and Energy
and Fluid Sgstems Laboratory. The faculty may
modify the Core course requirement to suit
individual needs, interests, and b,ackt{;round. For
example, course sequences leading T ,
specialization in energy conversion, aerophysics,
or chemical kinetics can be arranged.

Alsg required are six hours of elective subjects
such as TheorE of Viscous Flows, Special Topics
In Aerospace Engineering, Numerical Methods in
Fluid_Flow and Heat Transter, Physics of Fluids Il
and_Plasmadynamics. Many other electives are
Fva Iabkf in aero,sggce engmeenn and Felated
lelds. Also required are six hours of mathematics,
attendance at the weekly colloguium and an
advanced seminar, and a project.

Subject areas available for M.Eng. (Aerospace)
ﬁ]r%ects (and,th? profesFors who are working in
ese areas) include O|ool_ut|on control In
automobile engines designed so as not to
compromise efiiciency of performance (E. L
Resler, Jr,.g; hé/drogen and methanol internal
combustion éngines, solar energy collectors, and
electric probesas combustion analyzers (P C. T.
de Boer); combustion studies (W. J.” McLean);
wind tunnel experimentation, atmospheric flow,
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and vehicle aerodynamics SA. R Georﬁe%'
unsteady flow, experimentation (S.-F Shef);
controlled fusion (P L. Augr): and fundamental

properties of turbulence (J. 'L Lumley, Z. Warhaft).

The titles of some recent M.Eng. (Aerospace)

projects and the,facultr advisers are;

Au,{}l)rrﬂonvg Efficiency Improvement System (W. J.

cLean

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 Tunnél Désign and Calibration (A. R.
George)

Faculty Members and Their
Research Interests

Peter L. Auer, A.B. (Comell), Ph.D. (California
Institute of Technology): plasma physics, fusion

ower, energy policy analysis.
) gnyp Bg.E. (!\chmgan), AM. PhD.

David A. Caugfiey ,
(Princeton): fluid dynamics, transonic flow,
computational aerodynamics

P C. Tobias de Boer, Ir.(M.E.) (Delft), Ph.D.

FMaryIand): comhustion processes, alternative

uels for combustion engines, high-temperature
gasde((namlcs ,

Albert R. George, B.S.E., AM., Ph.D. (Princeton):
aerodynamics, fluid dynamics, aeroacoustics,
sonic hoom, turbulence ,

Frederick C. Gouldin, B.S.E., Ph.D. (Princeton):
Tuid dynamics, combustion, propulsion

Sidney Leibovich, B.S. (California Institute of
Technology), Ph.D. (Comell): fluid dynamics,

wave propagation, air-sea interactions,
dynamics of vortex flows

Geoffrey S. S. Ludford, B.A., MA., Ph.D,,
Sc.D."(Cambridge): fluid mechanics,
magnetohydrodynamics, combustion and
related ar%ohed mathematics

John L Lu e}é, B.A. (Harvard), M.S.E.. Ph.D.
(Johns Hopkins): fluid, dynamics, turbulence
and turbulence modellng, geophysical
turbulence, stochastic processes

Edwin L. Resler, Jr, B.S. {Notre Dame), Ph.D.
(Comell): high-temperature gasdynamics,
pollution control, ferrofiuid mechanics

Shan-Fu Shen, B.S. (National Central, China),
Sc.D. (M..T.); aerodynamics, computational
fluid mechanics, polymer Processmq,

Donald L. Turcotte, B.S. (California Institute of
Technology?, M.Aero.E. (Cornell), Ph.D.
(California”[nstitute of Technology): ,

eomechanics, geophysical fluid dKnamlcs

Zellman Warhaft, B.E. (Melbourne), Ph.D.
(London): experimental fluid méchanics,
turbulence, micrometeorology

The regular faculty is supplemented b
distinguished visitors from the United States and
abroad, Visitors have included Hannes Alfven, G.
K. %atchelor, J. M. E?]urggrs, L. F Crabtree, Nima
Geffen, 1sao [mai, Theodore von Karman, J. W.
Linnet, P. S. Lykoudis, F E. Marble, R. S.'B. Ong,
E, R.TOxburgh, D. A Spence, Ko Tamada, and
iro Tani,

Further Information

Further information maF¥ be obtained bX writing to
the Graduate Facultr epresentative, Agrospace
Engineering, Comell University, Upson Hall,
Ithaca, New York 14853,



Agricultural
Engineering

The application of engineering to agriculture and
the related, foo% prodyctlon and processing
Industries is a broad field of work and stugy.
Agricultural engineering activities depend on both
the physical and bIOIO?ICEﬂ scienges and involve
many other interdisciplinary specialties.

Diversity of interests characterizes graduate study
and research in the Field of Agricultural
Engineering at Cornell, This diversity is ,
rﬂann‘este?g by theses that rang?e from the ennrelg/
theoretical to the almost completely experimental
and empirical. Usually a thesis blends analytical
and experimental work that draws upon strong.
programs in physical, b|0|0|g|cal, and e_ngimeermg
sciences at Cornell and reffects the variety of
faculty strengths and interests.

Approximately forty Ograduate students from all
rerg]nons of the' United States and from several
other countries are in residence in agricultural
engineering. This heterogeneous mix of student
educational backgrounds provides a stimulating
environment for consideration of new ideas.
Nearly all the students receive financial support
from &ither the University or external sources.

A student may enter one of four programs leading
to advanced degrees in a?ncultural engineering:
Doctor of Philosophy, Master of Science, Master of
En%meenng g/-\gnpultural),, or Master of
Proressional Studies (Agriculture). For the Ph.D.
and M.S. degrees, onginal research and ,
grese_ntatlon of a thesis are required; the student's

pecial Committee, a faculty group chosen by the
ﬂudent,, IS soleg/ responsible Tor the direction”of
the curriculum and research program.

The M.Eng. degree program is an accredited
professional program, intended to prrepare
students for engineering practice. The M.RS.
program provides advanced professional studies

in agriculture with an emphasis on applications of
agricultural engineering technology. In these two
degree programs emphasis is placed on
advanced course work and project development;
there Is no thesis requirement.

In addition to course work in agricultural
engineering subjects, graduaté students are
encouraged to take courses in the basic sciences
and advanced mathematics in order to strengthen
their understandm% of fundamentals. To assist
8raduate studentsto keep abreast of current

evelopments, a general seminar is held weekly
during the academic year, and specialized
semmara are conducted by individual research
groups during the spring term.

Facilities

Riley-Robb Hall provides a center for the graduate
rograms in agricultural engineering at Comell.
ajor laboratories in the building include those for

agricultural waste management research, for

small-animal calorimetry"and environmental
physmlo%lcal studies, and for work in the
controlled-atmosphere storage of agncul_tural
materials. |n addition, there 15 a wel-equipped
machine shop to implement the development of
prototype equipment, such as machines for the
mechanical harvesting of fruits and vegetables.

Other facilities include the nearby Agricultural
aste Management Laboratory, which is operated
)fthe Department of Agricultural Engineering for
pilot-plant st%dles; the Animal Science Teaching
and Research Center; plots for the studY]o
nutrients and runoff; and plant-growth chambers.
The University's central compufing system,
programmab e calculators, and alibrary that
ranks among the ten largest in the Unitéd States
are also available to graduate students.

o=



Areas of Research

The diversity of the field of agricultural
engineering’ and the breadth”of the programs at
Cornell are demonstrated by the variety of recent
and current research projects. Work on the
conservation, production, and utilization of energy
Includes pro*ects on wind-powered water heating,
the control of heat loss in greenhouses, energy
congerv,anon on dairy farms, and blo?as
production from agricultural wastes. The
mechanization of fruit and vegetable harvesting,
handlmg,, processm?, dand storage,contmues t0
be a major area of stu PI; projects include
investigations of the influence of handling
procedures and storage environments on product
quality. Research in the area of agricultural waste
management includes the jnvestigation of ways to
minimize the environmental impact of agricultural
production, with consideration of requirements for
soil and water management. Envwonmen%ally,
sound apéaroachest the mana?ement of animal
waste and food-processing waste are also under
study. Systems analysis has been usedto
examine the influence of a multitude of interactin
factors on the agricultural production system an
the related environment. %everal c%r_rent projects
involve analysis, of the behavior of biological
systems; specific subjects include estrus

etection, the physiological responses of
chickens to varying environments, calf-rearin
environments, and”mathematical modeling o
biological systems.

Brief descriptions of the research activity in six
general areas are given in the following ‘sections.

Right: A wind-turbine device heats water by
driving a paddle inside a water tank, thus
converting mechanical to thermal energy.
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Energy

The national focus on energy has increased the
need for energy-related reséarch in all fields, and
the study of energy problems related to
agriculture has become a major area of research
In'the Field of Agricultural Engineering at Cornell.
Projects include mvesﬂgaﬂons into the use of
Rrod,ucer gas as a petroleum substitute, solar
eating and cooling of greenhouses and
residences, wind-energy utilization for water
heating, energy managément on dairy farms, and
the generation of methane gas from agricultural
wastes. The National Science Foundation, the
Deé)artment_ of Energy, and other federal, state,
and industrial groups have provided funding for
these projects.”Most of them are multidisciplinary

activities that utilize the expertise of graduate
students and faculty members from Several
departments of the University.

The search for new methods and technigues to
produce and conserve energy in agricultural
Pracnce is part of this aprogra,m. Nearlkl 800 million
ons of cro;? residues and ‘animal wastes are
produced inthe United States each year; by
converting these organic wastes intd usablé fuels,
it may_bepossible t0 reduce the energy demands
of agriculture. Comell researchers are also .
looking into ways of scavenqmg and recyclln%
energy that is now wasted at the farmstead; the
magnitude of this ener,?y may equal that of the
energy potentially available from animal wastes.
The aim of projects in this area Is to identify



energy-conserving Practlces,that will permit
continued high-level production. A highlight of the
ener?y work 1s two full-scale methané-generation
reac ?.rs, designed for afamll%-sued farm with
sixty-five cows, that are now I operation

at Cornell's dairy research facility.

Some recent theses (each listed with the name of

the supervising 5rofessor) and publications are:

Froelich, D. P"1976. Steady-periodic anaFIJ)(]&s of
the greenhouse thermal environment. Ph.D.
thesis (N. R. Scott).

Gunkel, W. W. 1978. Power sources and
equipment. Chapter 12 in Yearbook
of agriculture —living on a few acres. U.S.
Department of Agriculture (in press).

Gunkel, W, W. Price, D. R Lucas, G."M.. Murray,
D. L; Casler, G. L; and Sutter, S. 1976. Energy
requirements for New York State agriculture.
Part 2. Indjrect energy mguts. Agricultural
Extension bulletin na."406. ,

Jewell, W. J. et al. 1976. Bioconversion of

aﬁncultural wastes for pallution control an%

e er%y conservation. U.S. Energy Researc

and evelo?ment Administration

(rnow Department of Energy) report no.

ID-27164 (available throtigh the National

Technical Information Service).

Right above: A demonstration fermenter for
generating methane from dairy waste Isin~
operation-at Carnell's Animal Science Teaching
and Research Center at Harford, New York.
This plug-flow generator was designed as part
of a study sponsored by the U.S. Department of
Energy.

Right; The use of solar energy for heating
greenhouses, is be|n(r; studied’by a research
?rﬁu;f)t)mcludmg Professor Donald R. Price

at left).
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Jewell, W. J. et al, 1978. Anaerohic fermentation of
agrcultural residues: potential for improvement
and implementation. U.S. Department of Enerﬁy
report no. ACP/T2981-07 ﬂavallable, through the
National Technical Information Service).

Neyeloff, S. 1976. The use of anaerqbic digester's

as as a fuel for internal combustion engslnes:
e effects of carbon dioxide dilution. M:S.
thesis (W. W. Gunkel). _

Price, D. R., Weeks, S.'A. et al. 1976. Reduction of

ene[ﬁy and detergent use for cleaning milk

handling equipment. In33rd annual progress
report 0 the New York Farm Electrification
Council, pp. 24-35. Ithaca, N.Y.. Comell
Universy. ,

Williams, I%.,W.; McCarty, T. R.; Morris, G. R,
Gunkel, W, W. and Price, D. R. 1976. Utilization
of biogas for farm production energy.
Transactions of the ASAE 19963: 1034,

Wilson, G. E., and Price, D. R. 1977. Increasmrq
the effectiveness of the greenhouse as a solar
collector, ASAE paper no. 77-4527, presented
atthe 1977 Winter Meeting of the American
ﬁlomety of Agricultural Engineers in Chicago,

inois.

Community and Resource Development

The principal objective of research in this area is
to improve the quality of fife in the nation's rural
and _subur?an communmeé. Prercts, include
studies of flood control and flood-plain
management, investigations of the use of
soil-stabjlization methods to improve marginal
gravels for farm-to-market roads, and plannin
Studies for rural areas. Some of the ques_tlons hat
are asked in these studies deal with the impact of
part-time farmer residents on the economy and

12

development of rural areas, the need for improved
low-volume rural roads, land or landfill disposal of
sewage sludge, flood control in small watershed
grOAec S, ap |rgprovements of marginal

gricultural fand.

Examples of publications, theses, and reports

resulting from work In this area are Jisted below

related material is cited under Environmental
uality and Water Management): o
owell, M. S. 1978. Effect of time delay, multipoint
freatment and va mg compactive effort on the

str.?ngth and dyrabili I-¥ of cement stabilized
soils. M.S. thesis (L. H. Irwin).

Gerling, J. E 1976. An analysis of the factors
influencing development’in the Nanticoke Creek
watershed. M.PS. report (L. H. Irwin).

Irwin, L. H. 1976. The need for secondary roads
engineering. American Road Builder 53(5):21.

A kneading compactor is used to test highway
materials for low-volume roads.

.1977a. Determination of pavement layer
modu?l from surface de?lectlo% data for Y
avement performance evaluation. In
roceedings of 4th international conference on
the structural design of asphalt pavements, pp.
31-840. Ann Arbor: University of Michigan.
,1977b. Transportation problems and
research needs in the rural sector. In
Transgortatlon research circular, no. 187, pp.
19-22. Transportation Research Board,
National Aca em¥ of Sciences. _
..1978, Use of fracture energy as afatigue
failure_criterion. InProceedingS ofthe
Association of Asphalt Paving Technologists,
vol. 46. San Antonio, Texas (in press).



Environmental Quality and Water Management

Agricultural waste residues and problems
associated with the rural environment are among
the greatest challenges to engineers and
scientists concemed with environmental quality
management. The trend foward confinement
feeding of livestock, the increasing size of
food-processing operations, and fhe high
concentrations of waste, as well as the necessity
to avoid water, ar, and soll golluhon, make
|m?erat|ve a successtul attack on the waste,
water, and soll management problems that are
facing agriculture.

Well-equipped laboratories are available at
Cornell for research on many aspects of water
and waste management, including open-channel
flow; soil physics; odor redugtion and control;

l %d;waste treatmth, handling, and _glsvgosal
techniques; waste charactenstics; solid-waste
management: treatment process control; and
systems analysis and quellnq. A large pilot plant
and a laborafory are available Tor demonstrating
the handling and treatment processes that prove
promising 0n a smaller scale.

Research activities can be broadly classified as
those related to rural pollution associated with
humans, animal-waste management, pollution
control in food and fiber production, and land use
and, nutrient mana?ement to opfimize
environmental quality. A new additional focus of
this program is the Use of | nﬁif r recycling and
reco ergo wastewater and sludges.

Current research efforts include %TOJECIS on the
treatment of animal wastes, feasible handling and
treatment processes and analytical models for
animal-waste management, application of
municipal and agricultural wastes to Jand, the
establishment of'design parameters for

agricultural-waste management systems, and.
projects to determine thé feasibilify of generating
energy from agricultural wastes.

Hydrologic studies dealing with the application of
en?meenng principles to problems in soil and
water management include the design and
construction of dr_ama%e systems, the evaluation
of water budgets in a humid area, soil-plant-water
relationships, small-watershed hydrology, and
nonpoint-source pollution.

Field studies of aqricultural wagte runoff are
conducted in controlled plots. The trailer
houses data-acquisition equipment.

Other research in the area of soil and water
management includes studies of the inflow
component of runoff, the interaction of water
movement and materials transport, groundwater
recharge, and water movement in frozen soils,
Related work js also under way in problems of
tropical irrgation.
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An agricultural engineering graduate student.
uses a computer to work on a systems analysis
of a water-management problem.

Examples of publications and theses on these

subjects are:

Alleg, D. J., and Walter, M. E 1976, ,
Implementation of non-structural flood risk
management in the northeastern U.S.: a review
of informational needs. InProceedings of
conference on flood damage abatement.
Blacksbw% Va.: Virginia a‘er Rﬁsources
Research Center, Virginia Polytechnic Institute,

Anthonisen, A. C.. Loelir, R. C.: Prakasam, T. B, S
and Srinath, E. G, 1976. inhibition of nitrification
W ammonia and nitrous acid. Journal of the

ater Pollution Control Federation 48(2):835.
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Black, R. D.; Walter, M. F; and Swadler, F N. 1977,
Apparent effects of subsurface drainage on soil
p [y5|cal é)ro,pertles. In Pro,ceedlnsgs ofdrd
nafional drainage symposium, ASAE publication
-77, St. Joseph, Mich.. American Society of
Agricultural Engineers.

Chen, Y. R, and Hashimoto, A. G. 1976.
Rheological properties of aerated RO Itry waste
slurries. Transactions of the ASAE 9?1): 128,

Coote, D. R Haith, D. A.; and Zwerman, R J.
1976. Modelln? the environmental and
economic effects of dairy waste management.
Transactions of the ASAE 19(2):326.

Cummings, R. J., and Jewell, W. J. 1977.
Thermophilic aerobic digestion of da,ltrjy waste,
InFood, fertilizer and agricultural residues, ed.
R. C. Loehr, pp. 639-658. Ann Arbor, Mich.:
Ann Arhor Science Publishers. o

Haith, D. A. 1976. Land use and water quality in
New York rivers. ASCE Journal of the
Environmental Engineering Division 102(EES):1.

Haith, D. A., and Dougherty, J. V 1976. Nonpoint
source pallution from agricultural runoff. ASCE
Journal of the Environmental Engineering
Division 1028EE,S):1055.

Haith, D. A.: Koenig, A.; and Loucks, D. R 1977.
Preliminary design of wastewater land
application S){stems. Journal of the Water
Poflution Control Federation 49(12);2371.

Jewell, W. J. et al. 1976. Control and treatment of
egg breaklnq and processing wastes, parts 1
and 2. Industrial Wastes 22(2,3):26..

Jewell. W. J.; Kodukula, P S.; and Wujik, W. J.
1978, Limitations of land treatment of wastes in
the vegetable processing industries. Final
report, Department of Agricultural Engineering,
cornell Umvers@. o

Jewell, W. J., and Seabrook, B. L. 1977. Historical
review of land application as an alternative
freatment process for wastewaters. U.S.

An experimental multipurpose reactor converts
waste to three effluents; methane gas; solid
float material, potentially useful for' bedding or
feed; and liquid, containing most of the
nutrients, for fertilizer production.



Environmental Protection Agency report no.
EPA 430/9-77-008, MCD.

Loehr, R. C., ed. 1976. Land as a waste .
mal\)na ement allgernl,atnle. Ann Arbor, Mich.: Ann

or'Science Publishers, . .

Loémr, R. 6 ed. ,157 . Food, fertilizer and
agricultural residues (proceedings of Comell
agricultural waste management Conference).
Ann Arbor, Mich.: Ann Arbor Science
Publishers.

Loehr, R. C.; Jewell, W. J.: Novak, J. D.; Clarkson,
W, W and Friedman, G. F 1978. Land
application of wastes: an educational program.

orence, Ky.: Van Nostrand (in Rress). -

Ludington, D."C., and Sobel, A. T. 1977." Storability
of Partlally dried poultry manure. In Food,
fertilizer and agricultural residues, ed. R. C.
Loehr, Sng 581-598. Ann Arbor, Mich.: Ann
Arbor SCience Publishers.

MacVicar, T. K, 1978. A solid state transducer for
recording piezometer systems. M.S. thesis (M.
F Walter).

Martin, J. H., and Loehr, R. C. 1977. Poultry
waste management alternatives: a design

and at%)llcanon manual. Report no.

EPA-6Q0/2-77-204, U.S. Environmental
Protection A%ency. Athens, Georgia.

McCarty, T. R. 1977 The effect of bedding rate on
the form and quantity of nitrogen_in a solid
‘manure system. M.S. thesis . C. Ludlngtou).

Nieber, J. L Walter, M, E; and Black, R. D."1976.
Areview and anaIYS|s of selected hydrologic
modelling concepts, Ithaca, N.Y.: Water
Resources and Marine Sciences Center, Cornell

Lﬂmversi\t}{. ,

Saf e¥,, L M, 1977. S){stem selectionand
optimization models for dairy manure handling
sR/stems. Ph.D. thesis (D.. R."Price),

Schottman, R. W, 1978. Estimation of the
penetration of high-energy raindrops through a

Environmental effects on the physiological
responses of animals are studied in a project
headed by Professor Norman R. Scott (at left).

lant canopy.
Stepenhuis, ng(;

1978. Water movement and infi

frozen soil; theoretical and
considerations. Transaction
press).

ot

Ph.D. thesis (M. F Walter
Bubenzer, G. D.;

and Wa}ter, M F
ltration in a
erimental

the ASAE (in

Food and Biological Engineering

Kn,owledg,e of the b|ologey of animals and plants is
of increaSing importance to agricultural
engineering design. The high priority given to the
mechanjzation of harvesting, handling, and
processing of fruits and vegetables requires a
greater knowledge of the engineering properties
of these products. Similarly, animal production
gmllk, eggs, and meat) s Significantly influenced
y environmental, nutritional, reproductive, and
pathological conditions: basic information on
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physiological s%/stems,therefore needs to be
considered In the enﬁjneenng design of animal
facilities. At Comell this kind of study is being
carried out in a number of projects.

Environmental factors that influence plant growth
are bem% studied in order to promote moré
intelligen desqn of the tools and machines used
In crop production. The storage of vegetables
under controlled conditions of atmosphere and
temperature is being studied to identify the
environmental control _Parameters required to
maintain product quality for extended periods of
storage. This interdisciplinary study also examines
plant"physiology as it relates to storage life of the
plant material.

The mathematical modeling of biological systems
has been used to study static and dynamic
stomatal mechanics in‘relation to the control of
plant transpiration. Investigations of gaseous
exchanges of water vaporand carbon dioxide
between plants and the atmosphere include both
ph){smloglcal studies and measurements with
instruments such as diffusion porometers and
pressure chambers.

Basic information is being obtained on the
influence of environmenton physiological
mechanisms that limit animal productivity.
Biomathematica] modeling, calorimetry,
simulation, and Instrymentation techniques are
being applied to studies of thermoregulation,
milking systems, and reproduction. Specific
projects in this area have included studies of the
dynamic responses of the dairy cow's teat to,
pressure _changies, the physiological interaction of
young dairy calves with their thérmal environment,
e?trus detection, and the physmloglcal responses
of chickens to varying environments.

The human as part of the system of food
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A graduate student monitors milk flow as part
ofa basic study of fluid and structural
mechanics involved in milk-extraction
procedures.

Broducnon, processing, and handling has also_
een considered. One study was concerned with
the relafion of hu[nan visu Icaﬁgcgy tg the .
monitoring of trailed vehicles and the detection of
malfunctions. Another study dealt with the
relanonshlPs of enerP demands of the food
system to the type of foods suppl¥|n the
recommendeddietary allowance Tor'humans.

Examples of publications and theses in this area

are:

Albright, L D. 1976. Cooling short cylinders in air
using a water spray. Transactions of the ASAE
19(4?: 762.

Balthazar, J. A. 1978. Response of the dairy cow's
teat by finite element analysis. M.S. thesis (N. R

cott).

Chapman, C. D.; Rand, R. H.; and Cooke, J. R.
1977. A hydrodynamical mode| of bordered pits
in conifer tracheids. Journal of Theoretical
Blolc();g)(N67:11.

Cole, G"W, 1976. A model of heat transfer from
tr’{le &es |rattt)ory tract of a chicken. Ph.D. thesis

. R Scott).

Cole, G. W, and Scott, N. R. 1977. A
mathematical model of the dynamic heat
transfer from the respiratory fract of a chicken.
Bulletin of Mathematical Blologg 39:415.

Cooke, J. R.; De Baerdemaeker, J. G.; Rand, R
H.; Fnd Man_go, H A 197(?. Afinite element
shell analysis of guard cell deformations.
Transactions of the ASAE 19(6): 1107.

Delwiche, M. J., and Cooke, J. R, 1977. An
anal tIC?| model of the h%/draullc aspects of
stomatal dynamics. Journal of Theoretical
Biology 67113

Gartland, R Schiavo, J.; Hall, C. E.; Foote, R, H.;
and Scott, N. R 1976. Detection of estrus in
dairy cows by electrical measurements of
vaginal mucus and. by milk roaesterone.
Journal of Dairy Science 59(?5): 82,

Hillman, R E.; Scott, N. R.; and van Tienhoven, A
1977. Impact of centrall% applied biogenic
amines upon the ener%y palance of fowl,
American Journal of P yslolo%: Regulatory
Integrative and Comparative Physiology
23205):R137

Karninaka, M. S. 1978. Visual monitorinpci]and the,
operation of a?ncultural machinery. Pn.D. thesis

. E. Rehkugler).

Ku, A. C.. Fur g .'B., Jordan, W. ﬁw and Dropkin,
D. " 1977, NUmerical analysis of heat and mass
transfer during freeze-drying. In Proceedings of
the international symposiumon freeze-drying of



A researcher enters a controlled-environment
chamber used in studies of optimal storage
conditions for vegetables. The low oxygen
levels are insufficient to sustain human life.

hiological products, pp. 207-219. Basel,
Switzerland,

Mabry, C. A. 1978, Thermoreagulatqry resPonses of
poult%lto local he tlnﬁ and cooling of the spinal

cord. M.S. thesis (?\l . Scott). .

Moutner, D. N. 1977. A mathematical model of
%xytgenkdlﬁu5|on in potato tissue. M.S. thesis (J.

..Cooke

ooke).

Pettibone, & A, and Scott, N. R. 1976.
Relatjonship of temg,eratures in the cervical
blood vessels to brain temperatures in
chickens. Transactions of the ASAE 19&4):736.

Scott, N. R, and Reitsma, S. Y. 1978. Factors
which affect milk flow rate in linerless milking

systems. InProceedings of the international
meosmm on machine milking, pp. 162- 175.
ashington, D.C.: National Mastitis Council.
Sooter, C."A., and Millier, W. R 1978, The effect of
Pellet coatings on seedfing emergence from
&téu%e seeds. Transactions of the’ASAE (in
SS).

International Agriculture

Agricultural engineering has had a long-time.
concern with engineering aspects of international
agricultural development. At Cornell the most
recent focus of activitie ,was been on
water-management problems of tropical
agriculture, ,partlc,ularl}{ in the humid tropics. The
research Is interdisciplinary, with cooperative
field-oriented chmes mvolwpg several .
departments of the College of Agriculture and Life
Sclences as well as such agencies as the
International Rice Research Institute, the
University of the Philippines, the Sino-American
Joint Commission on Rural Reconstruction in
Tawan, and the Khuzestan Water and Power
Authortty in Iran.

Specific field-research projects on critical
groblems in tropical countfies have dealt with
oth technical and nontechnical factors. An
example is a re,c?nt studY of the effects of wa|t1er
stress on rice yield, considered in concert with the
human and technical interactions involved in
water management for irrigation systems.
Programs for graduate students in this area are
characterized by extended residence in
developing countries fo collect thesis data and to
obtain firsthand knowledge and understanding of
development problems. On-campus education

Professor Gilbert Levine (at center) directed a
recent study of rice-field Irrigation’in
the Philippines.

emphasizes interdepartmental interaction through
special research seminars and workshops.

A sampling of research activities is given by these

recent theses; ,

Early, A C. 1976. The influence of water
management policies on oBeratlng policies for
sugarcane districts in the Philippines. Ph.D.
thesis (G. Levine). ,

Miranda, S. M. 1975. The effects of physical water
control parameters on Philippine lowland rice
Irrigation sgstem performance. Ph.D. thesis

(G Levine), e
Wolf, J. M. 1975. Water constraints in corn

roduction in central Brazil. Ph.D. thesis
PG. Levine).
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Production Systems

Research on production systems deals with
structural, machine, and physical systems related
to crop and animal
Interest include the development of mechanical
harvesting techniques and equipment, the
evaluation and design of structures for? il and
water management, the improvement of buildings
to enhance environmental control, and
improvements in the efficiency, safety, and
functional effectiveness of agricultural machinery.

Techniques and equipment have been developed
for the mechanical harvesting of cabbage, letiuce,
%rapes, cherries, and apples for processing..

urrent research in this area is concerned with
the harvest of fresh market apples and the
development of prototype equipment to harvest
agﬁ]les with an accecptaPIe amount of bruis

, a?e. One aspect of the development of a
suitable mechanical system for harvesting fresh
market apples is the concurrent development of a
suitable horticultural system. Research on the
automated detection of product quality is also
continuing.

Work on the desjgn of farm buildings takes into
account the total animal-production system;
factors considered include animal traffic pattemns
and energy-conservation techniques, as well as
structural integrity, Simulations 0 s¥stems have
been used to model the behavior of an entire
small dairy farm; on a smaller scale, simulation
techniques are being used_to model the ,
environment of a striicture in relation to the animal
units, ambient conditions, and the environmental
control system. Other projects have dealt with
thermal énvironments.in a|r¥ structures, airflows
in slotted. inlet ventilation systems, and ventilation
patterns in buildings.

18

prodyction. The’ major areas of

Above: A harvester for fresh market apples was
developed in along-term rphect,on the design
of harvestlnq equipment. With this highly
maneuverable machine, a treg is vibrated,
causing the apples to fall on inflated plastic
latforms.
igﬂht: This apple-box dumper unloading fruit
?n 04 radm% line was desl%ned to unfoad
rom the top t0 reduce bruising.

Cornell research and development efforts have
been directed also to agricultural machinery, a
critical component of both animal and crop
production systems. Machinery developed to date
includes devices for mechamcal_q,rape pruning
fmd,Thoot posmomng, and 5£eC|a ized equipment
or tillage and harvesting. Tractor safety was
studied in a proaect involving simulation studies of
fractor motion In overturns.



Examples of publications and theses in this

area are;
Albright, L. D. 1976. Air flow through hinged
ba flel slotted inlets. Transactions of thé ASAE

AIbr?ght, L. D., and Scott, N. R. 1977, Diurnal
temperature fluctuations in multl-alrsgaced
buildings. Transactions of the ASAE 0(2&319.

Chowdhury, A. H.; White, R. N.; and Scott, N. R
1977. Small scale models for reinforced
ggnlcreltgzstructures. Transactions of the ASAE

Eiland, B. R. 1976. An apple tree response to a
hgh frequency trunk shaking. M.S. thesis (W. F
Milier, G, E. Rehkugler). _

Lorenzen, R. T. 1978."Sequential roof-truss failure
under critical snow load. InProceedings of the
Society of Wood Science and Technology:

structural use of wood in adverse envirohments.

Vancouver, British Columbia, Canada.
Masemore, B. J. 1978, Influence of tractor
eometry and mass on side overturns. M.S.

,ﬁne&s( E m?h ugleé). .

Millier, W E; Re u7q7e , G. E.; Pellerin, R A.; and
Throop, J A 1977, H|?h capacity harvesting
apparatus. U.S. patent no. 4,014,440 (21

claimg).

Myers, A, W. 1976. Instructional materials related
to moldboard plows, plowing and plow
adjustment. M.RS. report (W. W. Gunkel).

Pellerin, R. A.: Millier, W. E; Lakso, A. N:

Rehkugler, G, E.; Throop, J. A; and Allport, T. E

1978. Apple harvesting with an inertial vs.
impulse trunk shaker on open center and
@ﬁntrrglslseiader trees. Transactions of the ASAE
| .
Re kLE) ler,G. E.; Atherton, P; and Kelly, J. E
1978, Slmulatln? the motion of two- and
four-wheel drive fractors. Agricultural
Engineering 59(3): 17.

This computer graphics simulation of a tractor
overturn was uSed in a study of tractor stability
as related to vehicle design‘and operation.

G. E.. Kumar, V: and Davis, D. C.
Simulation of tractor accidents and
gverturns, Transactions of the ASAE 19(4):602.
Rehkugler, G. E.. Millier, W. E; Pellerin, R A.; and
Throop, J. A. 1976. Analysis_of a reciprocating
Ranel fruit lowering deviCe. Transactions of the
SAE 19(1):30

Scura, L. T, Jr. 1976. Mechanizatjon of root-soil
separation in bare-root harvesting of nursery
stock. M.S. thesis I

Srivastava, A. K., and Rehkugler, G. E. 1976.
Strain rate effects in similitide modeling of

eformation of structures subject to
61(%admg. Transactions of the ASAE

Faculty Members and Their

Research and Teaching Interests

Louis D. Albright, B.S.A.E., M.S., Ph.D. (Cornell):
environment of agricultural buildings, energy
management in agriculture, computer =~ "
sqnula ion of thermal environment, agphcaﬂons
of solar _energ'y to the production and ™ .
processing of food, feed, fiber, and horticultural

products .
Richard D. Black, RE.. B.S,, M.S., Ph.D. ‘l”ll’]OIS)Z
drainage of agricultural land, small-watershed
hfydrollo_?y soil conservation practices
Wil éle|df .Brugsaert, E% (Glhent, ’\4'8[’ Ph.D.
alifornia, Davis): hydraulics, hydrology,
roundwaterﬁom) Y yerology ,
J. Robert Cooke, B.S., M.S., Ph.D. (North Carolina
State): biological engineering, plant-water
relationships, engineering properties of
biological materials, mathematical engineering

analysis

Edwar)é W, Foss, B.S.A, (New Hampshire), M.S.A.
(Comell): safety engineering, communit
resources development, the teaching o
agricultural mechanization

Ronald B. Furry, B.S., M.S. Cornell()), Ph.D. (Ilowa
State): controlled-atmosphere storage of fruits
and veagetables energg conservation, similitude
methodology, plant and animal structures and
environments

Richard W. Guest, PE.; B.S., M.S. (North Dakota
State): agricultural-waste and energy
mana\%’ement, dairy and livestock eri meerlR/?

Wesley W. Gunkel, BS. (North Dakota State), M.S.
(lowa State), Ph.D. (M|ch|gan,State3: enerqy

utilization for farm use, analysis and desigh of

harvesting and specialized agricultural

machinery, thermal agriculture, pest-control

methods ‘and equipment, materials handling,

19



international agricultural mechanization
Douglas A Haitfi, B.S., M.S. (M.L.T.), Ph.D..
(Comell): environmental sk/stems analysis,
] waterl_-lqral_lty rélasna eéneré : |\,/fvate_r reéoukrcles
npe_H. Iwiri, B.S.. M.S. (California, Berkeley),
yRH.D. (Texas A&M): |?hKN_ay engmeermP, y),
highway materials evaluation, pavement design
and evaluation, soil stabilization, transportation
technology for developing countries, community
and resource development
William J. Jewell, B.S. (Maine), M.E. (Manhattan
College), Ph.D. (Stanford): energy and waste
treatment and control, unit procéss
development, land-treatment costs, rural
environmental engineering, septic tanks,
agncultural waste management
Fred G. Lechner, B.S., M.E. (Colorado A&M),
Ed.D. &Mlchlgan_ State): the teaching of
agricultural engineering technology'in
secondary schools, two-year technical colleges,
and four-year colleges o
Gilbert Levine, B.S., Ph.D. (Comell): irrigation
system desm?n, tropicalirrigation, water
management, soil-water-pfant refationships
Raymond C. Loehr, B.S., M.S, (Case), Ph.D.
Isconsin): solid wastes, Industrial waste
freatment systems, agricultural waste
management, land aPphC&ltIOH of wastes,
nonpaint source control
Robert T. Lorenzen, PE.: B.S.AE. gNorth Dakota
Stateg, ?.S.C.E. |scon3|ng, M.S. (Callg)mla,
Davis); farmstead production systems design
including structural and environmental aspécts
of enclosures, functional tenets of farmstead
production systems
David C. Ludington, B.S., M.S. (Comell), Ph.D.
(Purdue); management of agricultural wastes to
reduce air and Water pollution, energy
conservation and scavenging for recycle
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Everett D. Markwardt, B.S, (North Dakota State?,
M.S. (Comell); mechanical fruit and vegetable
harvestlr’c/([; _|rr|gBat|on systems _

William E Milier, B.S., Ph.D. (Comell): tree fruit

harvesting and handling, farm power and

mafhlnera/_

Donald R. Price, B.S. (Purdue), M.S. (Cornell),
Ph.D. (Purdue): electric power and processing,
,energy utilization, systems engln_eennﬁI analysis

Richard H. Rand, B.E. (Cooper Union), M.S,,

Sc.D. (Columbia); biomechanics, theoretical
and aEplled mechanics, dgnamlc systems

Gerald E, Rehkugler, PE.; B.S., M.S. (Cornell),
Ph.D. powa State): analysis and desq}n of

]ggncu tural and food-processing mac wer{y

0od engmeenn?, energy utllization In the food

system Telative to human nutrition

Norman R. Scott, B.S.AE. (WashmPton State),
Ph.D. (Cornell): biomathematicalmodeling of
animal systems; animal calorimetry;
environmental Ehysmlog'y; thermal environment;
mte%a&ed a[%P |cat|og 0 ?tru.ctural theory,
thermodynamics, and biological sciences to
synthesis of structural systems; electronic
Istrumentation techniqles in physical and
biological measurements . ,

Christine A. Shoemaker, B.S, (California, Davis),
M.S., Ph.D. (Southern California); water
resource systems, mathematical pest
mana%ement , ,

Tammo S. Steenhuis, B.S,, M.S. (Wageningen),
M.S., Ph.D. (Wisconsin): water quality
modellng?, water flow in sails, upland flow
transport of waste and substances, water

manag'gment o

Michael F Walter, B.S., M.S. (lllinois), Ph.D.
(Wisconsin): water resources, water
management, small-watershed hydrology,
drainage

Further Information

The publication Department of Agricultural
Engineering: The Staff and Program, published
each fall, contains summary information on
current teachng research, and extension
activities of the Qﬁ)artm%nt of Angncultur:id
Engineering. Another publication, Agricultural
Engineering Research, describes néw and
contmumgbresearch projects, lists the faculty and
staff members and graduate students involved in
each project, and indicates the major cooperating
units in interdisciplinary. projects. Requests for
these publications and inquiries regarding any
aspect of the graduate program should be sent to
the Graduate acult?/ Représentative, Agricultural
Engineering, Cornell University, Riley-Robb Hall,
Ithaca, New York 14853,



Applied
Mathematics

The achievements and methodoogy of classical
and modermn mathematics have in Tecent years
proved most usefyl in a variety of other
d|SC|gI|nes, mcludmg, manY new subject areas as
well as the more traditional ones, At Cornell the
Field of Applied Mathematics offers a broadly
hased |nt_erdePartmentaI program with _
opportunities for study and research over a wide
spectrum of the mathematjcal 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 ?r raﬂuate ,bafk%rounds that contajn
a substantial mathematical component are eligible
to apply.

There are several different graduate programs at
Cornell in which one can parsue studies of
applied mathematics. ?tudents with well-defined
interests In this general area should investigate
the suitability of programs in the Fields of
Computer Science, Mathematics, Operations
Research, Statistics, and Theoretical and ApPlled
Mechanics, as well as variqus other fields in the
physical sciences and engineering. The Field of
Applied Mathematics Is particularly ,argoropnate
fortnose mteresge? in classica amlle
mathematics and for those undertaking trul¥,
|n,terd|SC|pI|na%stud|es involving mathematics but
lying between the areas encompassed by other
graduate fields.

Research and stud){ in this field are coordinated
through the Centerfor Applied Mathematics,
There are some 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 ce?.terd es not offer courses itself; it
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.

Facilities

The Center for Applied Mathematics maintains
faculty and student offices and seminar rooms in
Olin Hall, on the enqlne,enn campus. All facilities
of the University, including, Tor 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
fqradu.ate students in this field. These include the
ollowin to,plcda med their applications to other
fields: partial differential e_tﬁjatlons, numerical
analysis, functional analysis, mathematical
physics, m,echamcs,,aerodYnamlcs, fluid flow,
magnetofluid dynamics, astrophysics, statistical
mechanics, applied probability, Statistics,
mathematical biology, populafion growth,
genetics, logic, automata, networks, .
combinatorics, game theory, and mathematical
£conomics.
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The following recent theses, listed with the
supervising professors, provide a sample of
research dctivities in the field. .
Ayeni, R. 0. 1978, Thermal runaway. Ph.D. thesis
(G.'S. S. Ludford). : ,
Baum, S. P 1978. Intetgr_al near-optimal solutions
to certain classes of linear |;:;)rt%grammmg
problems. Ph.D. thesis (L. E Trotter). =
Caginalp, G. 1978 Boundary free energy in lattice
sFm systems. Ph.D. thesis (M. E. Fisher).
Harlow, D. G. 1977. Probabilistic mod,elf for the
tensile strength of composite materials. Ph.D.
thesis (H. M. Taylor 3q). . _
Hastings, A. M. 1977, Some models in population
biology. Ph.D. thesis (S. A. Levin). .
Knopf, R M. 1977, Weak-type multipliers. Ph.D.
thesis (R. S, Strichartz).”
Mansfield, R J. 1977. On logarithmic Sobolev
megﬂualmes. Ph.D. thfs,|s L. Grosg). .
Marwil, £S5, 1978, Exploiting sparsity in
Newton-like methods. Ph.D. thesis’(J. E.

Dennis).

Winther, 2% 1977. A numerical Galerkin method for
a parabolic control problem. Ph.D. thesis (J. H.
Bramble).

Graduate instruction and research activities in
the graduate Field of Applied Mathematics
include class work and research conferences.

Left above: Professor James T Jenkins offers a
course in continuum mechanics that is of
Interest to applied mathematics students.

Left: Atthe blackboard Professors James H.
Bramble (at left) and Lars B. Wahlbin discuss a
problem in partial differential equations.



Faculty Members and Their

Research Interests

Toby Berger, B. E. (Yale), M.S., Ph.D. (Harvard):
information theory, statistical communication,
random processes

Louis J. Billera, B.S, NRensselaer), M.S., PhD.
City University of New York): game theory,

ombinatorics, mathematical économics

James H. Bramble, A.B. (Brown), M.S., Ph.D.

Computer work is involved in many research
Pro;ect,s in applied mathematics. Services of
he University's central facility (below) are
available to graduate students.

(Marylan,d?: numerical analysis, partial

differential equations _

Herbert J. Carlin, B.S., M.S. (Columblal), DEE,
Ph.D. (Polytechnic institute of Brooklyn):
microwave and network techniques ,

Claude Cohen, B.S. ‘Amerlcan University, Cairo),
Ph.D. (Princeton): tluid dynamics, transport
phenomena, light scattering, polymer systems

Robert Constablg, B.A. annceto,n), M.A.,"Ph.D.
(Wisconsin): theory of computing, automata,

logic

JohrﬁJ E. Dennis, B.S., M.S, (University of Miami),
Ph.D. (Utah): numerical mathematics,
mathematical programming .

Roger H. Farrell, PhB., M.S.%C,hlcago), Ph.D.

linois): mathematical statistics

Terrence L. Fine, BEE.E. (City College of New
York), S. M., Ph.D. Ir,.arvardg: ecision theory,
comparative probability sB ech recognition

Michae| E, Fisher, B.Sc., Ph.D. (London)?
foundations and applications of statistical

Wrr;fechanlﬁsjcI(:)mblnatoxcsPh D, (Cambridge)
olfgang H. J. Fuchs, B.A., Ph.D, (Cambridge):
mgt%e?natical met 0(?3 of FEJthmg , g

Leonard Gross, B.S., M.S., Ph.D. (Chicago):

ana||¥5|s, mathematics of quantum theory .

Keith E. Gubbins, B.S., Ph.D. (London): statistical
mechanics of liquids, computer simdlation of

liquids
Da\ﬂd C. Heath, A.B. (Kalamazoo), M.A, PhD.
gllmms : apphed probability, stochastic control,
Ph

ame theory
l }ilr?}I]mes,tB.A.E(Oﬁforéj : Ph.I?.
oythhampton, England): nonlinear
éaeéhanﬁ:s,p (?ynaml aﬁs stems,rbl?urcatlon
eor
Jamesyr. Jenkins, B.S. (Northwestern), Ph.D.

(Johns Hopkins); nonlinear field theories in
mechanics, continuum mechanics



Harry Kesten, Doctorandus (Amsterdam), Ph.D.

Jag orneIIIe grro a |I|’\>(t eon{ 2 oD,

(Columbia): probabrlrt andsatrstrcs
Myunghwan Kim, B.S. (Alabama), M.E,, Ph.D
(Yale): hiomathematiCs, bioengineering
James A, Krumhans|, B.S. (Dayton), M.S. (Case),
Ph.D. ( CorneJ solid- Stafe pnysics,
MICroscopic escnptronso acroscoprc
propertres of materials
Sidney Leibovich, B.S. (California Institute of
Technology), Ph.D. (Comell): fluid dynamics,
magnetohydrodynamics
Simon A. Levin, BA. (Johns HoPkrns) Ph.D.
(Maryland) mathematical biology, differential

Rrohard L, Liboff, A.B. (Brooklr( ), Ph.D. (New York
Unrversrty ). kinetic theory, plasma physics,
electrod E/namrcs gquantum mechanics

WrIIram R Lucas, BS., MA., M.S. (Detrait), Ph.D.

(Mich gan) %ame theory combinatorics
Geoffreré udford, BA., MA, Sc.D.. PhD,
Cambridge): fluid and magnetofluid dynamics,

combustron related mathematical methods

Mukul K. Majumdar, B.A. (Calcutta? M.A., Ph.D.
(Calrfornra Berkelegl mathema cal economrcs

Anil Nerode, A.B Chicago):
logic, recursive functi |ons and computab iy,
automata

Lawrence E, Payne, B.S., M.S., Ph.D. (lowa State):
partial drfferentral’ equations

Narahari U, Prabhu, B.A. (Madras), MA.
(Bombay), M.Sc. (Manchester): stochastic
processes analysis and control of stochastic

chnard H. Rand B.E..(Cooper Unjon), M.S,,
nar.S¢.D Iumbra} drﬁerentlal equations,
){ amical systems, blomechanics

Sol 1. Rubinow; B.S. (City College of New York),
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M.S. (Brownz Ph.D. (Pennsylvania): blood flow,
cell prolifera

jon, enzyme kinetics, physiological
systems

dv¥nn E. Salpeter, B.SC., M.S. SSydney) Ph.D.
Birmingham): fheoretrcal astrophysics, nuclear
theory, Statistical mechanics
Alfred Schatz B.S. Cr College of New York)
M.S., Ph.D. &ew York |versr 2 numerical
analy srs pa ial ditferential equ lons
han S. (National Central University
Chrna) ScD (MI ): aerodynamics, rarefied

s dyn

rgnk LyS |tzer BA, MA., Ph.D. (Michigan):
probabifity theory and analysis

Roberts. Strichartz, B.A. (Dartmouth) M.A., Ph.D.
(Pnnceton) mathematical analysis
rao|S Taqqu, %/—\JhLausanne M.A., Ph.D.
lfCo umbra? robabifity, statistics,
econometncs operations research, computer
simula

Howard M Tafylor 3d, BM.E., M.IE. gCorneII)
PthtD (Stanfora): applied probability and
statis

MrchaeIJ Todd B.A. (Cambridge), Ph.D. (Yale):
mathematical programming, combinatorics

Leslre E Trotter, A.B. (Princefon), M.S. (Georgia
Institute of Technology), Ph. D '(Comell):
discrete optimization

Charles Van Loan, B.S., M.A,, Ph.D. (Michigan):
|numtencal algebra, control theory, nonlinéar
east s

Lars B. \l\?ahlbrn B.A, M.A. Ph.D. (Goteborg,
Sweden): partial differential equations,
numerical analysis

Lione| . Weiss, BA.,, MA., Ph.D. (Columbia):
statistical decision theon{

Benjamin Widom, A.B. (Col umbra? Ph.D.
(Comell): physical chemistry, statistical
mechanics

Further Information

Further information maFY be obtained bX writin
the Graduate Faculty epresentatrve pplie

Mathematics, Center for Aﬁ)plred Mathematics,
(ﬂ)éggl University, Olin Hall, Ithaca, New York

to



Applied Physics

The graduate Field of Applied Physics otters
opportunities for advanced studi/] and research in
many areas of a%olled science that are based on
the principles and techniques of physics.
Students with undergraduate training |n,[ohy5|cs
can pranch out int agfolled science whi aa )
continuing the study of physics, and students with
a background in erigineering or another science
can extend their knowledge of basic physics.

Individual programs are planned to meet the
needs and interests of each student. Bwldmt% ona
core of physics courses at the graduate level, the

ro?ram -normally also contam% a series of

ourses in engineering or another science related
to the student’s research area. In addition to the
research-oriented Ph.D. program offered by the
Field of Applied Physics, there is available a
one-year rprogram feading to the professional
degree of Master of Englneerm Er;\]c?meenng ,
Physics), A Program leading tothe M.S. degree is
alsp avajlable, although applicants with the™
definite intention of st%P ing at the M.S. level will
not normalI%/ be offered financial support. ,
Approximately sixty students are now enrolled in
these three degreé programs.

The faculty of the Field of A;)L{Jlied Physics
is centered in the School of Applied and
Engineering Physics of the Col ege of
Engineering, but it also includes ,acult,Y members
from other departments of the University. Man
members are associated with one or more of the
interdisciplinary laboratories at Cornell, such as
tltll,e rI].aEborator of I;Iastma %tudles,(thﬁE%(iQ’r)netI}I]

| ergy. Synchrotron Source e
M terlaﬂs %e ce Center, and the Centerfor
Radiophysics and Space Research. This diversity
permits graduate students to choose from an
unusually broad range of specialty areas. Equally

IIlipUfidIill Ib lilt? cXlcl Iblvcl iCbb i anl I I

facilities that are available.

The projected availability of career opportunities
IS an important consideration in the choice of a
field for %aduate study. Inthe area of apﬁlled
physics the prospects are good, Although the
opportunities for a career in basic physics have
leveled off substantially in recent years, there is a
strong, long-range need in industy, government,
and dniversities Tor graduates who have not onI_¥ a
sound education in physics but also the capability
for attacklnfg gracncal problems. Agprommatel
four out of five Cornell apci)lled, E)hy ics graduates
assume positions with industrial organizations and
government laboratories. About one in five enters
academic work.

Facilities

Because, of the interdepartmental and
Interdisciplinary nature of the Field of Applied
Physics at Cornell, the research facilities available
are much more extensive than those generally
provided by a single department. For'example
sophisticated techiniques for electron mlcro,scopg
and electron spectrosco_py, for x-ray analysis an
metallography, for special materials preparation,
for chemical analysis, and for studies at very hlgh
or low pressures and temperatures are provide
by the facilities of the University's Materials
Stience Center. Also, the Field of Applied Physics
Is closely associated with two new major reséarch
facilities"at Cornell, the National Research and
Resource Famhth/ for Submicron Structures
gNRRFSS) and the Comell High Energy
ynchrotron Source (CHESS).
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National Science Foundation (NSF? through a
grant for five million dollars. Cornell's ongaing
research programs in applied physics and =
electrical engineering were the pivotal factors in
the selection”of this University as the host
institution. A large fraction of the research groups
in the Field of Applied Physics will be assoCiated
with the submicron facility as users and
contributors; gr%%rams that will contribute
significantly to the work of the facility include
those In surface physics, electron optics, and
electron-energy-loss spectroscopy.

CHESS is a multiuser laboratory that has been
eftabllshed by NSF in connection with the Comell
Electron Storgge Ring (CESR) now under
construction (iT'is scheduled for completion in
1979). CESR —a facility that Cornell Is very .
fortunate to have —will cover the single-particle
energy range of from 4 to 8 GeV and will open up
exciting posSsibilities in elementary particle
Bhysms. CHESS will make use of‘an important

y-product of the stored hlgh-energ}y articles: an
enormous quantity of highly collimated x and
ultraviolet radiation. This radiation can be
collected and u.fed asan e>éper|men,tal, rob%e in
an extraordinarily wide range of disciplines, from
solid-state physics and chemistry to materials
science and biology. The spectrim provided by
CHESS will be unlcﬁue mternatlonall%/ nis
high-energy x-ray flux, and the center will provide
experimental facilities for scientific and
technological applications of these x rays.
Synchrofron radiation |s an exciting new tool in
andamentaI and z?gﬁlleg researchy; fafIhtIeS larger
than CHESS are planned on a national scale.
Cornell researchers in the Field of Applied
Ph¥5|cs will have the remarkable opportunity to
build and operate for the entire scientific
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community this prototype high-energy synchrotron
source.

Other facilities available for applied physics
research include the radar-radio gbservatory in
Arecibo, Puerto Rico; the unigue high-current
relativistic electron beam faci |t5{ of the Laboratory
of Plasma Studies; the tuneﬁle aser facility of éhe
Materials Science Center; the synchrotron; an
semiconductor growth and processes
laboratories.

Inthe 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 {Dynamltron) for energies tp to 3 MeV

Areas of Research

The broad applicability of the principles and
techniques of physics’is illustrated by the many
research areas within the Field of Applied
thsu;s. Examples of current programs are
described i the nine general categories listed
below; the names of professors, working with
specific Frmects are Indicated in parentheses.

his material was prepared in the s ,r|n% of 1978;

ore recent information may be obtained by
contacting the professors named.)

Solid-State Physics

Research in soll,d-state,ph?/sms is conducted over
a range of specific subject areas, such as defects
and physical properties, superconductivity,
quantum electronics and microwaves, phase
transformations, and surface physics, and
employs many approaches, from theory to

experiment. For example, phase transformations
and transport properties are studied in-~
superconductors, on crystal surfaces, at high

ressures, and within single crystals ofa =
,wo-comﬁonen,t solid. The tools for such studies
include theoretical analysis, x-ray and electron
diffraction, light and miCrowave Scattering,
electron_spectrosco%, field ion microscopy, and
ultrasonics. Many of these research projects
involve faculty members who hold appointments
In other engineerin dls?plmes, such as electrical
eng{meerm , mechanical engineering, and
materials science and engineering.

The major focus of current research in
superconductivity is quantum Josephson
Phenomena. Quantum superconductivity provides
he basis for a variety of extremely
h|%]h-perfqr,mance electronic devices, such as
ulira-sensitive electromagnetic sensors and
ultra-high-speed digital systems. The research,
Pro?(ram is particularly directed toward improving
he knowle n%;e %f quantum superconductivity in
those systens that are most relevant to potential
device applications. The research objectives are
to examine the basi ghenomena ggv rnweg
quantum superconductivity, to establish t
fundamental limits that these phenomena set on
device performance, and to develop techniques
for producing superconducting devices that will
most closelya Rproach this liniiting level of
performance. F . A, Buhrman).

The physical scale associated with quantum
superconductivity is of the order of one ,
micrometer or less. In order to properlP/ examine
superconductivity pnenomena, as well as to_ utilize
them fully, it Is necessary that superconducting
sy%tems be fabricated with dimensions in fhe ~
submicrometer range. A major research effort in



the electron-beam and x-ray lithography of such
submicrometer structures hias been initiated in
conjunction with the new National Research and
Resource Facility for Submicron Structures at
Comell. The rapidly developing capability for
submicrometer fabrication Is already proving to
be extremely valuable in advanced research into
the microeléctronic behavior of metals, both

su er,conductm? and normal; moreqver,
submicrometer fabrication and thin-film
processing offer in their own right many exciting
and technologically jmportant fesearchi
opportunities n applied physics and materials
science. (R. A. Buhrmanf

In graduate research dlrected,b% Professor
Thor Rhodin (at left) an uItrahl? vacuum
electron spectrometer is used for studies of
metal and semiconductor surfaces.

Other research in this general area concerns
structure studies of phase transformations
associated with high-field superconductors and
with the I|§Jropertles of flux line lattices in T&/fe [
superconductors, where pinning of the flux line by
crystal defects can be veEy important in achieving
high-critical currents. (E. J. Kramer).

An important area of research on solids is
principally concerned with those atomic and

electronic 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, Work with many
unique and |mﬁortant properties of solids
associated with surface or interface phenomena
involves Cﬂnmderatlona of solid-state hysms,
physical chemistry, and engineering; cufrent
research at Cornell includes detailed studies, on a
microscopic scale, of the interactions of solids
with electrons, photons, and molecules. Imfoortant
physical and chemical phenomena that reflect the
unique nature of solid surfaces are be,mgﬂ, studied
In great detail in terms of electron excitations and
cheml,cal,bondlng with the use of sophisticated
combinations of &lectron, Auger, photoemission,
field-emission, and molecular-beam

spectroscopy. Particular emphasis is plaged on
the use of photon-stimulated electron emission to
studY electron structure and excitations in metals
and the nature of the chemical binding and
orientafion of molecules, at metal surfaces. In a
special program carried out at a synchrotron
radiation facility, the unique featurés of a tunable,
polarized Intense photon source are ysed fo
explore the electron and atomic physics of_
molecules interacting with metal surfaces. This
teqhm%ue of éingle-resolved, photoemission is
bem? pplied to"a wide variety of practical
problems in chemisorption, catalysis, and
microelectronics, The electron accelerator and
storage ring facility at the Physical Sciences
Laboratory in Stoughton, Wisconsin, is now being
used for this purpose; future studies of surfaces
and interfaces will also be conducted at the new
Cornell High Energy Synchrotron Source (CHESS)
in Ithaca. ?F N. Rhodm)f.

The macroscopic surface properties associated
with surface thermodynamics and with transport in
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active study. Surface studies of gas-metal

reactions using low-energy electron diffraction

(é(l)nl?tlltljte another major research area. (J. M.
akely).

One example of limited dimensionality is the
optical and electronic response of. , ,
inhomogeneous materials. Of particular interest is
the optical hehavior of ceramic/metal (cermet)
composite films, Ongomg research has shown
that such materials ¢an be adapted to be
extremely viable candidates for application as
hlqh-temperature photo-thermal converters of
solar energy. The overall theme of the research

rogram on" inhomogeneous materials is to

dvance the understanding of these materials and
to develop engineering groc,edures to adapt them
to meet partictlar tecfinological needs. (R. A
Buhrman).

An active research program is under way in the
area 'Ofl ?ollﬁiistate senc]lcgndut%tor pgys,lcs. The
ecial facllities prov e submicron
%)cmty recentIK e jabhs%edb %t Cornel[nwnl be used
to study the ﬁ ysics of compound semiconductor
interfaces. These studies are concerned
specifically with electron behavior at surfaces and
interfaces as it apcplles_ to the miniaturization of
metal-semiconductor-insulator sandwich devices
in the submicron range; the role of the
comPosmo,nal and stfuctural properties of such
interfaces in the scalln? down of solid-state
d%wg,e IS an Importan élre,a %f research. (T. N.
Rho mﬁ. Also under stu é/ is the epitaxial growth
of intermetallic compound crystals, such as
gallium arsenide, and the use of these cr}/stals for
microwave oscillators based on the fransterred
electron effect. %L. F. Eastman). Similar work IS
being done on the epitaxial growth and evaluation
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Professor John Silcox and students work with

an electron microscope modified to include an
eIecttroln spectrometer under on-line computer
control.

of sandwich structures for application in
semiconductor lasers, solar cells, and integrated
optical devices, ﬁ M. ,Ballantyne'). Other projects
involve study of the epitaxial growth of silicon
crystals and"diffusion and sputtering processes in
sificon and other semiconductor. microwave
devices (C. A. Lee), and tunnel-injection of
minority carriers in'metal-insulator-semiconductor
structures (J. M. Ballantyne).

When electrons pass through an electron
microscope specimen, inelastic scattering
representing transfer of energy to the sample can
occur, The modes In which the specimen can
absorb this energy reflect the electronic structure
and thus the chemical structure of the sample.
The addition of an electron spectrometer to an,
electron microscope makes It possible to obtain
this chemical information along with the spatial
information normally accessible with an electron
microscope. The angular dependence of the
scatterin r%ﬂects the momentym dependence
with which the specimen absorbs the energy, and
this in turn reflects new types of electronic™”
structural information. EXperimental work of this
sort has Included studies, of plasmon, surface
glasmon, and surface agwded optical modes, and
of Inter- and intra-band excitations: studies of
Inner-core excitations are currently under way. In
addition, background scattering dnd its
temperature dependence are being investigated
in order to determine, ultimate limits and
approaches to chemical analysis. (J. Silcox).

The generation and measurement of exfremely
high “pressures, and the performance of
exBenments at these, pressures, have been the
subject of a substantial research effort. Pressures
apﬁroachmg two megabars have been achieved
with the use of tiny spherical indentors made of



In a study of transition metals such as platinum
the surface electron structure of a single
crystal is probed with a field emission”electron
microscope and energy spectrometer.

have made possible the use of interdi?nate
electrodes on the diamond indentors fo probe
matter at extreme pressures. (A. Ruoff).

Liquid crystals display a variety of bizarre =
phenomeéna because of their unique combination
of liquid and solid properties. Defect structures,
transport processes, and phase transitions in
smectic liquid crystals are currently under study
with the help of special laser-optical techniques.
Of particular interest are those properties
displaying the two-dimensional intermolecular
coub)\}m\% characteristics of these materials.

(W. W, Webb).

diamond, and submicron fabrication technigues

The study of crystal imperfections and their
relation t0 the physical properties of crystals is a
major area of research in solid-state h%su:s.
Imperfections are studied by electron and
field-ion microscopy, and individual ions are
|ma?\|ed and identified by mass spectroscopy.
(D. N. Seidman).

Anharmonic and bonding properties in solids
have been studied usm,? both the
neutron-scattering facilities at Brookhaven
National Laboratories and the Cornell 12-GeV
séynchrotron. The new Cornell High Ener%g ,
gnchrotron. Source (CHESS), to™be co gleted in
1979 in conjunction with the 8-GeV storage ring,
will permit an expanded program of research.
(B. W, Batterman).

Some recent typical publications and theses
(listed with the name of the supervising professor)
In the area of solid-state physics are:

Agrawal, D, C.; Loomis, B. %; and Kramer, E. J.
1976." Flux pinning_ by radiation damage in
oxygen-doped niobium. Philosophical
Magazine 33:343.

The inelastic scattering of electrons from

single-crystal metal surfaces is used to study

eleCtron excitations in this ultrahigh-vacuum
spectrometer.
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Anderson, S., and Batterman, B. W. 1978, Energy
analysis of diffuse co-reflections in NbZr by
Mossbaugr x-ray scattering. Solid State
.communications 26:195,

B|II|n8ton, R. L. 1978. Electron structure of clean
and chemisorbed transition metals using field

electron tunneling spectroscopy. Ph.D. thesis

. N. Rhodin).
Blakely, J. M., and .T_hapli&/al, H. V 1978. Structure
and phase transitions of segregated surface
IaK_ers. In Inferfacial Segregation. Metals Park,

Ohio: American Society for Metals. _

Brucker, C. E, and Rhodin, T. N. 1977. Reaction of
acetylene and ethylene on the aFe }100 Clean
iron Surface, Journal of Catalysis 47214,
en, C. H. Silcox, J.. Garito, A. F; Heeger, A. J.;
and MacDiarmid. A. G. 1976. Plasmon
dispersion and anisotropy in polymeric sulfur
nitride, G(SM) Physical Review Letters 36:525.

Craighead, H. G., and Buhrman, R. A. 1977.
Optical 5ropertles of ,selectlveIY absorbing
Ni/AlZ0 comgposne films. Applied Physics
Letters 31:423, ,

Jackel, L. D. 1976. Experimental stud){ of .
superconducting weak links. Ph.D. thesis (R. A.
Buhrman). ,

Kramer, E, J. 1978. Fundamental defect-fluxoid
interaction In irradiated suPerconductors.
Journal of Nuclear Materials 72:5.

Ruoff, A. 1978. On the ultimate yield strené;}h of
solids. Journal of Applied Physics 49:197.

Ryan, F 1978, Tunnel injection, o
electroluminescence and stimulated emission in
CdS metal-insulator-semiconductor structures.
Ph.D. thesis (J. M. Bq}I]Iant Qf)' -,

Seidman, D. N. 1978, The study of radiation
damage in metals with the fiéld-ion and
%%qgnégrobe microscopes. Surface Science
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Applied ph){sics faculty members David

Hammerka left) and Ravindra Sudan direct
Plasm_ap ysics research involving ion-beam
ocusing experiments.

TaRﬂq, C._L. Kreismanis, . G, and Ballantyne, J.
. 1977. Wide band electro-optical tuning of

semiconductor lasers. Applied Physics Letters

Wel, C.-Y. 1978, The direct observation of the
point-defect structure of depleted zones in

Irradliated metals. Ph.D. thesis (D. N. Seidman).

Plasma Physics

A unified, interdisciplinary approach to plasma
studjes at Cornell offers the opportunity for
graduate work in plasma physics combined with

applied physics, aerospace engineering,.
chemistry, electrical engineering, or physics. A
number of professors in the Field of Applied
Physics are actively involved in plasma research:
approximately egual attention is given to the
experimental"and the theoretical agpects of
plasmas. Much of this work is conducted at the
Interdepartmental Laboratory of Plasma Studies.

The principal sub+ect of plasma research at
Cornell is the confinement and heating of |
thermonuclear plasmas. Comell is reco?nlzed as
the |eading university in the area of the fechnology
of high-cuirrent jon beams and relativistic-electron
beams and their application in thermonuclear
studies, Current topics of research include
magnetic configurations and instabilities and
waves In plasmas, collisionless shock waves,
magnetospheric and ionospheric plasma physics,
plasma turbulence, kinetic theory, and
astrophysical plasmas.

The dynamic behavior of fuIIY ionized plasmas is
being studied with the use of a plasma wind
tunnel under conditions in which collective plasma
effects are_ important but ordinary collisions
between single particles are not’ These studies
relate to the Understanding of collision-free shock
formation and the nature of the Earth's bow shock
in the solar wind. (R L. Auer, R C. T. de Boer).

Valuable experimental facilities for plasma studies
include pulsed high-power Marx generators, used
to ?en_erate intense ion and electfon beams. Two
ofential aﬁ)phcanons of these beams for
thermonuclear fusion are being investigated. One
is the use of the magnetic field” associated with
the beams to form Astron ring configurations, .
which, according to theoretical predictions, will
allow the stable Tonfinement of fusion plasmas.
(H. Fleischmann, D. Hammer, R. Sudan). The



second potential application, based on the very
large total energy content of the_beams, is for
plasma heatln? or for compressm? and heating
small pellets of fusionable materil. ER. Sudan, D.
Hammer, C. Wharton). The use of intense
relativistic electron beams for ,ulse? microwave
generation and for the production of high-velocity
ions is also being studied. (J. Nation).

A wide variety of theoretical plasma problems are
under |nve_st|?at|on. Part of this effort concentrates
on theoretjcal’ aspects of the application,
mentioned ahove, of intense ion and electron
beams to fusion research (R. Lovelace, E. Ott, R.
Sudan), and part involves the development and
use (ff large-scale com{puter programs for the
simulatior” of plasma processes {R. Sudan). Some
of the computer work_utilizes the Magnetic' Fusion
Energy Computer facility at the Lawrence
Livermore Laboratory. Also being considered are
instabilities.in space plasmas (E. Ott, R. Sudan),
the Interaction of microwaves with electron beams
&_P Mclsaac), shock waves in plasmas (R Auer),

inetic theory of plasmas (R., Liboff), the theory of
Blasma heating in Tokamak fusion devices (E.

ttl), and the dynamics of plasma in the nuclei of
galaxies and quasars (R. Lovelace).

Recent, t?/pical publications and theses in the

area of plasma physics include;

Auer, P'L. 1974, Self-consistent equilibria and
current limitation in relativistic electron beams.
Physics of Fluids 17:148.

Professor Hans Fleischmann (center% uses

relativistic electron beam experiments in the
lasma Elh sics research he directs. The
ECE-CHRISTA shown here is one of three

electron-ring machines used in this work.

3



de B?]er,,P C. I, and Ludford, G. S. S. 1975.
Spherical electric ;)robe In‘a continuum gas.

Plasma Physics 17:29,

Davis, H., Rej, D, J.. and Fleischmann, H, H. 1977.
Production of field reversing electron rings by
stacking. Physical Review Letters 39:744,

Exdahl, C.; Gréenspan, M.; Kribel, R; Sandel, R
Sethian, J.; and Wharton, C. 1974.'Plasma
heating using strong turbulence and relativistic
electron beams. In Proceedings of 5th
internationa| conference (IAEE) on plasma
phl\){sms and controlled thermonuclear fusion,
CN-33/C2-2. Tokyo, Japan.

Friedman, A; Ferch, R. L. Sudan, R N; and
Drobot, A. T. 1977. Numerical simulation of
strong Proton rings. Plasma Physics 19:1101.

Lockner, [ R., and Kusse, B. R. 1978, Intense
relativistic electron-heam trajectories and their
effect on_beam heating of toroidally confined
plasma. Journal of Applied Physics 49:2357.

Lovelace, RV 1976. Low fre%uencel stabylity of
ril r71203urrent particle rings. Physics of Fluids

ott, E., \\/Ianhelmer, W. M. and Klein, J—I H. 1974,
Stimulated Compton scattering an
self-focusing in the outer rePLons of a laser

fusion plasma. Physics of Fluids 17:1754.

Quantum Optics, Laser Physics, and Nonlinear

Optics

One of the more dr, matic recent developments in
hysics has been the dis

he laser as a source of intensé coherent
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Iscovery and application of

radiation. Research in this field combines many
angcts of optics, atomic and molecular physics,
solid-state physics, and chem|strﬂ.,0pportun|t|es
for research in this field at Comell 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 asers and
nonlinear optical devices for aBpllcanon in
mteﬂrated 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 éxcitation in molecules throug}h ,
atomic and molecular collisions Is being studied
over a wide range of experimental parameters. In
addition, laser-induced selective excitation of
molecules is being studied as a means of
selectively Initiating chemical reactions under
non-thermal condifions and for application to
research on molecular energy transfer. Rare
gas-halogen excimer lasers, are ysed to studP/
energy partitioning_in photodissociation of mefal
halide molecules.™(T. A. Cool).

Quantum optics and modern fluctuation
correlation methods are being used to study the
dKnarmcs of turbulent flows, the kinetics of
chemical reactions, and the statistical process as
applied fo superfluids. Coherent optics also find
applications in a variety of bloph}/smal _
experiments, including studies of the visual
process, of ditfusion jn biological membranes,
and_of turbulence in flows chosen to simulate
artificial blood flows. (W. W. Webb).

With the availability of intense laser sources, the
nonlinear optical properties of solids, liquids, and
gases have become accessible to detailed

A study of nerve conduction processes is
among the research applications of
fluoreScence correlation spectroscopy, a
technique developed at Cornell. Here'laser light
illuminates fluorescent probes that indicate
changes occu[rl,n? when voltage is applied
across an artificial membrane.



experimental study. The information obtained has
led to.improved understanding of nLanIy ?uch
materials and {0 an increasing numberof
applications of technological Importance. Optical
Propertles and applications of such materials as
-V, ZVI, and II-[V-V2compounds are bemrq
studied. In the electro-optics area, materials
roblems related tq the deveIoPmenA of thin-film

iniaturized optical components and devices are
being studied.

Finally, tunable lasers from the ultraviglet to the
infrared part of the spectrum are used for
excitation spectroscopy and for studies of kingtic
processes In atomic and molecular systems. This
work Is interdisciplinary, involving joint ,
Bartlupaton of faculltg members and studenté in

|r(])|ogy, chemistry, electrical engineering, an
physics.

ome representative publications and theses in

this area are: ,

Clark, M. D. 1975. Electron tunneling and
electroluminescence 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 ogoncal heterodyne spectroscopy.
Science’ 185:55. ,

. 1976. Light scattering heterodyne
interferometer for vibration measurements in
auditory grgans, Journal of the Acoustical
Society of America_60:665.

Dutta, N;; Wamer, R. T. and Wolga, G, J. 1977.
Sensitivity enhancement of a Spin-flip Raman
laser absorption spectrometer through use of
aimlmtracawty absorption cell. Optics Letters

Hui, K. K., and Cool, T. A. 1978. Experiments

concerning the laser-enhanced reaction
between vibrationally excited 0 3and NO.
Journal of Chemical Physics 68:1022.
Kogpel, D. E.; Axelrod, D Schlessinger, J.; Elson,
. L and Webb, W, W 1976. Dynamics of
fluorescence marker concentration as a probe
?(‘ mability. Blogh%smal Jogrnal 16:1315.

Pirkle, R. J.; Dawis, C. C.. and McFarlane, R. A.
1975, Selt-mode-locking of an iodine
Bhotpdlssouatlon laser.” Journal of Applied

hysics 46:4083.
TaRAQ’ C._L. Kreismanis, V. G.; and Ballantyne, J.
. 1977. Wide-band electro-optical tuning of
gsq%nductor lasers. Applied Physics Letters

Low-Energy Nuclear Physics

Research and instruction in nuclear structure and
low-energy nuclear physics are directed b
E,rofessors who are members of both the graduate
leld of Applied Physics and the graduate Field of
Nuclear Science and Engineering. A student
interested in this area can followessentially the
same program In either field; the choice depends
on the aspect to be emphasized. If the student
wishes to concentrate or minor in engineering
applications such as nuclear power, nuclear”.
science and engineering is the more agpropnate
field, If the interést 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

A facility for research in low-energy nuclear
physics’is Cornell's TRIGA reactor, a source of
neutron and gamma rays. This area is near one
of the reactor’s six beam ports.



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
thysms are housed in the Ward Laboratory of
iclear Engineering.

Research in this area includes the study of
Isomeric eécned sfates |q nuclei, using theoretical
models and experimental measurements made
with the TRIGA reactor and a fast-transfer system.
Several high-spin isomers have been discovered.
The decay.of isomeric states Is frequentI%
accom?anled by the emission of x rays that result
from inteal atomic conversion and the
consequent formation of vacancies in the inner
electron shells; a method for determmln?,
R]rogertles of |sor%enc Igvelﬁ by observation of
ese X rays has been deve opyed.

Also under mvesUPatlon is a recently discovered
kind of jsomer thaf exhibits spontangous 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
e>F<(per|mental wark (using neutron beams from the
TRIGA reactor) Is in pro?;ress. Measurements are
made with an inner-shell vacancy detector (ISV)
that was developed by the research group.

Examples of recent publications based on thesis
research are:
Boyce, J. R, Cassel, E. T. Clark, D. D.; Kostroun,

V0. and McGuire, S. C. 1978, Isomerism in
gé-29326' Bull\(/elt?n orr the Ameﬁcan P ysica? Society

Clark, D. D. 1971, Shape isomerism and the
double-humped fission barrier. Physics Today
24(12):23.
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Clark, D. D.; Kostroun, V O.; and Siems, N. E.
1975. Identification of an isomer jn Ag-110 at
%-zlgg\glsexcnatlon energy. Physical Review C

Astrophysics

Asfrophysics is an area in which Comnell has
gamed worldwide recognition. Special efforts are

rected toward studies of planetary surfaces and
atmospheres, infrared radiation from cosmic
objects, the theory of high-energy objects such as
guasars and é)ulsar? an1d raplo and radar
astronomy. Some_of the faculty members of the
Field of Applied Physics who are involved in these
projects hold appomtments in the Department of
Astronomx or in the School of Electrical
Engineering.

In addition to the extensive astrophysics .
laboratory facilities In Ithaca, there s available the
ational Astronom¥ %ng Ionospnere Center
observatory, operated by Cornell University at
Arecibo, Puerto Rico. This facility, which has a
thousand-foot radio-radar telescope (the world's
Iargest}], has recently been upgraded to operate
at much shorter wavelengths, improving radar
sensitivity by a factor of fwo thousand; this
rovides excggtlonal research opportunities for
raduate students. At Arecibo the characteristics
of pulsars are being defined through observations
made with high sighal-to-noise ratio, These
observations have already provided the
fundamental information that neutron star matter
exists in the universe and is encountered jn
Pulsars, and that the enormous energy released
rom these objects comes from the braking of their
spins. Although the underlying physics aré not yet

An |mportant,faC|I|t¥lfo,r research in
astrophysics is the National Astronomy and
lonosphere Center in Pyerto Rico, which,is the
world's largest radio-radar telescope. This
96-foot antenn? IS susRended over
dish-shaped retlector 1,000 feet in diameter.



understood, the measurements —made
sometimes with microsecond resolution —identify
complex sets of phenomena that occur within the
individual pulsar pulses; each pulsar has its own
signature. (F D. Drake).

Infrared observations of regions where stars are
now being formed have been conducted, using a
vane‘y of new techniques, Instruments are
developed at Comnell, and ground-based
observations are made at abservatory sites in the
western United States, Because the atmosphere
IS opa%Je in most of the infrared spectral range
roc ?t- ome feles oges hﬁve be?n construc

and launched to observe the sky from above the
atmosphere, Besides yielding information on the
infrared radiation coming from cosmic sources,
rocket fllqhts have also provided new data on the
thermal Structure and composition of the upper
atmosphere. (M. O. Harwit, J. R. Houck),

Theoretical and observational studies are being
made of the turbulence in the ionosphere (R.
Sudan, E Ott, D. Farley) and of the Iarr%;e-sc le
electric fields and currents in the magrietosphere
(M. Kelley). The theory of the modes and ,
Instabilities of flat disc, self-lgravnatmg systems is
being investigated (R. Lovelace).

Representative publications and theses in this

rea are: .
ral e,% D, and Sagan, C, 1973. Interstellar radio
communication and the frequency selection
problem. Nature 245:257. " N

Kuckes, A F 1971. Lunar electrical conductivity.
Nature 232:249.

Lovelace, RV E. 1976. Dynamo model of double
adio sources. Natur? 2649,

Schaack, D. F 1975. Infrared astronomical
spet_:troscop?iI from high altitude aircraft. Ph.D.
thesis (J. R Houck).

Geophysics

Comell has an. xpanding, éprogram in solid earth
ﬁ]eog ysics, with emphasis on the application of
e basic sciences to the solution of problems of

geology.

A program of selsmoloqlcal observations made in
varigus parts of the woild provides raw data for
s%ud|es of earthguakes and of earth structure.

T rou[qh the unl?ﬂng 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 lsacks).

Atheoretical and experimental investigation of
solid-state mantle convection is also under way;
its purpose is to determine the structure of
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 of the moon. (D. L Turcotte).

Experimental studies of the electrical properties of

the Earth are motivated by interest in the q_eolo ic
processes in the lower portions of the continental
crust and by problems of earthquake prediction.
(A. F Kuckes).

Representative publications in this field are;

B|II|n(rqton, S., and Isacks, B. L. 1975. |dentification
of fault planes associated with deep
earthquakes. Geophysical Review Letters 2:63.

Frohlich, C. 1975, UpPer mantle structures
beneath the Fijl Plateau: seism|c observations
of second P arrivals from the olivine-spinel

hase transition zone. Ph.D. thesis (B. L

sacks).
Kuckes )A F. 1974. Lunar magnetometry and
mantle convection. Nature 252:670.

Electrical conduct,ivi(tjy of the Earth’s deep crust
is measured at a field station in the
Ad|'rontdacks as part of a graduate research
project.

Nekut, A.; Connerney, J. B P; and Kuckes, A. F
1977. Deep crustal electrical conductivity;
evidence for water in the lower crust.
Geophysical Research Letters 4:239,

Oliver, J.; Dobrin, M.. Kaufman, S.; Meger, R.; and
Phinney, R 1975. Continuous seismic. reflection
Erofllmg of the deep basement: Hardeman

ou_nt%/, Texas. Bulletin of the Geological
Society of America 87:1537.

Turcotte, D. L., and Ahern, J. L. 1977. On the
thermal and supsidence history of sedimentary
55‘5’3'9(536 Journal of Geophysics'Research
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Biophysics

The interdisciplinary area of biophysics includes
the many areas in which the methods and
Brocedures of hgsms ege used to studg

|olo%|cal systems and biogenic materials. The
mempbers of the faculty and"staff of the Field of
AppI|ed,PthS|cs who direct their researchto
biophysical problems are particularly interested in

hotobiglogy, the functional ultrastructure of cells,
he conflquratlon and molecular structure of ,
macromglecules, and membrane processes. 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 research
Rp ortumPes for interested tuqents._ Projects that
ave applications in biomedical engineefing are
also under way.

The chemistry of Rhotosynthe,as takes place in
reaction centers that can be isolated from their
natural environment Em photosynthetic bacteria as
well as in green plants). The reaction centers,
aside from beln% important in understanding the
mechanics of photosynthesis, are interesting
objects of study for molecular spectroscopy,
quantum electron physics, and oxidation-
reduction photochemistry. Experimental research
in this area includes biochemical preparations
and ch mlfa\)anal ses as well as hgsmal
methods of absorption-emission spectroscopy. (R.
K. Clayton).

Recent developments in tynable lasers are being
used to study the mechanisms of ce(ljular
excitation and the subsequent transduction of a
neural response In visual photoreceptor cells.
Similar techniques are also applied to a related
Problem in cell biology: the mechanism of active
ransport across cell"membranes. This work
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involves study of bacterjorhodopsin, a protein that
IS similar to rho?}ops,m, the primary_light abTorber
and Initiator of the visual process.” The results
obtained thus far have yielded new insights; into
the problems of visual fransduction and active
transport in cells, and have suggested possible
avenues for aprymg these insights to the
development ot Solar cells to produce hydrogen.
(A. Lewis).

Determination of the three-dimensional structure
of macromolecules is essential if the molecular
mechanisms of their activity are to be understood.
The structure of a small, vitamin D-dependent

Laser Raman scattering from biologically
|m5portant molecules is uFed in blolphysma_l
{et Faf{)Ch directed by Professor Aaron’ Lewis
at left).

calcium-hinding protein involved in some way in
the intestinal translocation of calcium is being
determined by conventional x-ray macromolecular
crystallographic techniques, supplemented by
fluoreSfe,nce sf]ud|es of the binding of Ianfhamde
and calcium, The structural and functiona
roperties, of the oxygen transport protein
em?globln are bein ,mveshaated through
parallél crystallographic and kinetic studies of a



Voltage clamping of muscle cells is performed
By Bruce Land, a postdoctoral associate of

rofessor Miriam Salpeter (standing) in
research on the biophysics of nerve-muscle
Interaction.

series of hemoglobins that have been
reconstituted with chemically modified heme

roups, The goal is to clarify the role of the heme
aroup itself it the ligand-binding reactigns, and
the way in which its"properties are modified by
interaction with the globin. (K. Moffat).

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 (jon pumps) rather
than by the passive movement of ions, The
microelectrode techniques employed 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 used in studies of
nefve cells and innervated structures, secretory
cells, and developmé; (embryonic) cells, New
methods are being developéd for studying the
physiology of these cells on a fine-structure level.

The most important recent example is the
apPhcatjon of quantitative electron microscope
autoradiography (that Is, the. high-resolution
detection of radioactivity |n3|de,cellsg to the study
of cellular function. By mtroducm? radioactive
precursors into the céll, one can Tocalize the
compartments within a cell involved in the
production, storage, and transport of secretorg_
products. Studies are also conducted on the Sites
of action of neurotransmitters and various

enf mes involved in nerve function. (M. M.

Sa eter%.

Investigations of the configuration and atomic
structure of macromolecules are being pursued
with the use of very-high-resolution microscapy.
Nucleic acids —their Configuration, association,
and polymerization —and, ultimately, the direct
obferva ion.of the base sequence in the.
polynucleotide are of particular Interest in these
studies. Observations on enz?/me configuratjons,
substructure, and active site locations are also
being made, An electron microscope capable of
achiéving stlll hl’\%her resolution Is being
developéd. (B. M. Siegel).

The dynamics of blophysmal processes are being
studied with the help of modem physical optics.
Diffusion and the chemical kinetics of membrane
processes in model membranes and in I|V|n%
normal and cancer cells are being measured, by
ﬁnal Sis of the s ec(tH)m of the fllﬁc,tugtlons of
uorescence emitted by chemical indicators, by
the recovery of fluorescence after photo-
bleac,hln?, and by fluorescence polarization.
The kinetics of cooperative chemical binding by
hemoglobin are studied by optical observation of
photolysis dynamics. The dynamics of lateral
motion of special cell membrane components
involved in essential cell membrane processes
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(such as the immune and allergic response, nerve
signal transmission, and. hormone function) have
béen measured for the first time, and these
processes have thereby been elucidated. The

hysical nature of menibrane fluidity, its effect on
atéral motion in the cell membrane, and its
dependence on lipid composition and structure
are major questions for current study. Since the
coupling of membrane components'to the
cytoskeleton and exoskeleton js an essential
féature of the movement in cell membranes, those
aspects of cell physiology are also being studied.
Molecular mechanisms that drive cytoplasmic
streamm? in plant cells are being investigated by
means of our laser-optical techniques for
measuring motion, and with the use of fluorescent
labels of Contractile plant proteins. A video image
Intensifier system has been developed to perfofm
high-sensitivity flyorescence microscopy i~
topographic studies of microscopic movements in
cells” (W. W. Webb).

Among recent publications_and theses are:,

Clayton, R. K. 1970 and 1971, Light and livin

matt(fr, vols. Tand II. New York:™ McGraw-Hil.

KoE)pe, D. E. Axelrod, C.; Schlessinger, J.; Elson,
. L; and Webb, W, W 1976. Dynamics of

Above: Fluorescence correlation spectrometrz/
is used in research directed by Professor Wat
Webb (at left). Laser-induced fluorescence
gives information on the kinetics of reactions in
Small units such as cell membranes.

Right: Electron microscopy is used in studies
of go enic macromolecule conducteg b% .
Professor Benjamin Siegel fforeground and his

research group.
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Atomic and Molecular Physics

A precise knowledge of the processes that can
occur when atoms ‘and molecules interact by
collision Is of great importance in applied physics.
Current efforts in atomic and molecular Physms
are directed toward an understanding of .
coIhsmna,IIY induced processes that occur in
several different physical environments. These
include (1) studies of dissociation, ionization,
recombination, molecular en_erg%transfer, and
chemical kinetics in gases with thermal kinetic
energies; (2) study of gas-surface phenomena,
Including catalysis, chemisorption, oxidation, and
related phase fransformatigns that occur at solid
surfaces; and (32, studies of molecular structure
using the diffraction of 50-100 keV electrons from
gas-phase molecules. The following proaects
constltuﬁe a partial description of clrren
research.

Experiments are being carried oyt on inelastic
collision processes (involving collision energies
up to a few electron volts) in"high-temperature
gases. These processes include dissociation,
ionization, recombination, and relaxation of
vibratjonal and electronic excitation. Most of this
work 1s carried out usm? shock tubes for the
Ere aration of the high-temperature gas..
, mBh,a3|s IS given to"processes that are important
in envirgnmental pollution and in work with gas
lasers. (S. H. Bauer, R C. T. de Boer, E. L Resler,
Jr.). Shock-tube techniques are also being
applied to the study of droplet nucleation™in the
\éapor)phase of irorl and other metals. (S. H,
auer).

Details of energ)(]transfer and particle .
rearrangement that occur in collisions involving
vibrationally or rotationally excited molecules are

being studied in view of their importance in the
operation of molecular gas lasers, For this
purpose, nonequilibrium distributions of molecular
eﬁcn tion in gases are anated by nonchemical
shocks or electrical discharges. Using various
dla?nostl,cs,, the kinematic evolution of these
systems is investigated and the results analyzed
In terms of the baSic processes involved. (S. H.
Bauer, T A. Cool). Additiona| studies that are of
direct relevance to chemical and molecular gas
lasers are based on the laser-induced ,
fluorescence technique. This technique permits
the selective initiation and monitoring of Specific
vibrational and rotational enerqy transfer
roce?ses in laser molecules. (T. A. Cool, R. A.
cFarlane, G. J. Wolga).

The interaction of atoms, molecules, and electrons
with metals and semiconductors provides detailed
information on the gathJre of atomic forces,, of
energy transter, and of chemical bonding in
atoms, molecules, and clusters. Investigations
now under way are concerned with the quantum
mechanical description of charge transfer and
energy levels and with the mobility and binding of
atoms involved, in very localized inferactions aS in
very small particles of on solid surfaces.
Experimental measurements are made of the
thermodynamics and kinetics associated with the
atomistic nature of physical and chemical
processes that are characteristic of
chemisorption, oxidation, and related phase
transformations. (T. N. Rhodin, J. M. Blakely).

Radiation from Comell's 12-GeV electron ,
s¥nchrotron is used in a variety of experiments in
atomic and solid-state physics. The experiments
are chosen to exploit sevéral unique features of
synchrotron radiation; these features include a
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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 investigations of the
lifetimes of core-excited states of atoms, of the
specific decay modes of these states, of the
transition rates for the radiative and nonradiative
processes involved, and of numerous processes
of interaction between electromagnetic radiation
and matter. As an example of the latter, extended
x-ray absorption fine structure is ,belnfq studied by
botji photon detection and x-ray interferometric
techniques as a means of investigating the local
environment of atoms in substances of solid-state
and biological interest. (V. 0. Kostroun).

The small-ang le scattering of 50-100 keV
electrons by gas molecules is being investigated:
from the méasSured diffraction pattern, structural
information, particularly on bond distances
bet .ee% atoms, can be derived. This method is
applicable to a variety of gases. (S. H. Bauer).

Recent publications and theses include: .

Brodbn, C., and Rhodin, T. 1976. Photoemission

s?e,ctroscopy of chemical reactions on

platinum-group metals —chemisorption of
carbon monoxide in iridium. Solid State
Communicatipns 18;105.

Brucker, C., and Rhodin, T. 1976. Low-energy
electron-diffraction, Auger and photoemission
studies of oxygen reactions on a-Fe(100)
surfaces. Surface Science 57:523.

Kostroun, V O.;_Fairchild, R, W. Kukkonen, C. A;
and Wilkins, ", W. 1976, Systematic structure in
the K-edge photoabsorption spectra of the 4d
transition"metals. Physical Review B 13:3268.

Liboff, R. L. 1977. Conjectured superfluidity of
d ute_rlﬁjwm. Physics Letters 61 A:244.

Madronich, S.; Weisenfeld, J. R; and Wolga, G. J.
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Professor Terrill Cool is shown with an
apparatus for laser-induced fluorescence used
to measure the rates of vibrational energy
transfer in chemical lasers.

1977.

,OaC/-}g to HF Chemical Physics Leters 46:267.
Pirkle, R F: Davis, C. C,; and McFarlane, R A
1975, Comparative performance of CF3, CD3
and CH3in an atomic iodine photodissociation
laser. Chemical Physics Letters 36:305.

Statistical Physics

Statistical physics provides the theqretical
connection between the detailed microscopic
motions of atomic particles and macroscopic,
physically measurable quantties. An active
intérplay between theory and experiment is

Observation of E-»V energy transfer from

characteristic of study in this area, and _
contributes to its vitality, Work in statisfical physics
has greatly increased the understanding of such
varied forms of matter as liquids, gases, plasmas,
superfluid gas (helium), superconductors, and
magnetic systems.

A current theoretical study of phase transitions
and critical and multicritical phenomena involves
work in statistical mechanics and mclu?es both
applications and rigorous mathematical =~
formulation. Systems that have been studied in
bulk and films’include ferromagnets and
antiferromagnets, superfluids, binary alloys,
ternary fluid” mixtures, and ferroelecfrics. ~
uesfions IP mathematics ,concernm% spf,atlal
imensionality, combinatorics, counting linear
graphs, and Special determinants and matrices
arise in the course of such work. The
renormalization ﬁroup Is a recently invented
theoretical tool that has had impoftant
applications to these problems. (M. E. Fisher).

Experimental studies of cooperaive phenomena
are making use of newl% devised optical
correlation techniques based on modern lasers.
For example, time correlation techniques have.
Permltt_ed anal¥5|s,of inelastic scattering of visible
ight with an effective resolution of 10-16 Modern
optical techniques are also applied to studies of
critical phenomena In fluids, turbulence,
homogeneous nucleation fluctuatlon% l|)n quantum

fields, and surface waves. (W. W. Webb)

Fluctuations in superconductors and cooperative
henomena in metals at extremely low
emperatures are also being investigated.
Superconductm% quantum interference
maqnetometers ave been developed and
applied to problems in statistical physics; an



absolute thermometer that works at temperatures
between 10-2 and 10-50K by measuring nuclear
magnetization with a superconducting
magnetometer, has been developed: “and
fluctuation-induced diamagnetism above the
critical temperature of superconductors has been
measured and analyzed. (R. A. Buhrman).

Also of interest is the application in biophysics
and geophysical hydrodynamics of approaches
that ,av? been dev Ioged for observing the
chemica Bh Sics of cooperative phenomena.
mwmd

The properties of molecular liquids are being
mveshqated, by statistical mechanics and
computer simulation techniques. Theoretical
methods that are under development and appear
promising include perturbation theory and integral
equationtechniques. These methods are being
used to study phase diagrams for polar liquid
mixtures, negtron diffraction patterns, and the
properties of gas-liquid surfaces. In each of these
cases the orientational correlations between
molecules (due to the amsotr?gc electrostatic,
shape, and other intermolecular forces) have a
ronounced effect on both the correlation
unctions and the macroscopic properties. The
aim of this work Is to clearly establish the
relationship between experimentally observed
Propertles and the underlyln? intermolecular
orces. The computer simulation work provides
precise data on model liquids for whicf) the
intermolecular forces are exactly specified;
comparison with theory then provides an
unambiguous test of the theoretical
approximations, while comparison with
experiment tests the intermolecular force model.
The simulatjons provide a wealth of information
not accessible by laboratory experiments; this

process are studied with use of a [aser beam.
Carbon monoxide bound to hemoglobin is
“knocked off" by the beam and thé speed of
recombination 1S measured.

The kinetics of%n im oﬁtantbi?gqgsic I
d

includes static and time correlation functions and
roperties under extreme conditions of
emq,erat re and pressure. Inthe case of
gas-liquid surfaces these simulation studies yield
not only time correlation functions and diffusion
coefficients parallel and perpendicular to the
surface, but also density, concentratjon, and
orientation of the molecules as functions of their
position in the surface region. (K. E. Gubbins).

The theory of fully develo?ed hydrodynamic
turbulence is being_investigated as & problem in
statistical physics. This has application in many
areas—in particular, to the dynamics of the |
atmosphere — but the preserit work emphasizes
an Improved basic understanding of turbulent
fluid flow. During the past several years there have
been several contrlbutlon? to an improved
understanding of the small-scale velocity
fluctuations that occur at very high Reyriolds .
numbers; these are characterized by Scale-similar
correlation fupctions that exhibit a family of
universal scalln? exponents. There are™
remarkable analogies tq the phengmenological
scaling behavior in equilibriym critical
phenomena, despite deep differences in the
underlymP physics. Progress has relied so far on
models of a random cascade of energy from
large- to small-scale motions. Both theproblem of
deriving nonlinear dynamical cascade models
from the underlym? avier-Stokes equations and
the equally Interesting problem of the solutions of
the resulting approximate dynamical equations
are considered. In some cases these mod
equations have smooth solutions, and in others
the deterministic equations have random
solutions. A |oroper, mathematical description of
these stro_ngY nonlinear systems of equations and
their relation to observed Statistical properties of
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turbulent flow continues under study. (M. S. Nelkin)

Turbulent flow in liquids, elementary thermal
excitation and structure of surfaces and interfaces
in mixtures, and cooperative deformation of fluid
membranes are measured by analyzing the time
correlation spectra of fluctuations that are
detected by scattering and reflection of coherent
laser light. New techniques are belnP developed
to measure the vorticity in turbulent fiquids and
Webeblt)actncal polarization of fluid films. (W. W.
ehb).

Some recent publications in this_area are:

Bell, T. L, and Nelkin, M. S. 1977. Nonlinear
cascade models for fullg/ developed turbulence.
Physics of Fluids 20:345.

Buhrman, R. A., and Halperin, W, P 1973. Fluctua-
tion diamagnetism in a "zero-gimensional”

_superconductor. Physical Review Letters 30:692.

Fisher, M. E, 1974, The renormalization group in

the theory of critical behavior. Reviews of
_Modem Physics 46:597. ,

Fisher, M. E."and Kerr, R. M. 1977, Partial
differential approximants for multicritical
singularities. Physical Review Letters 39:667.

Gubbins, K. E.; Gray, C. G, and Egelstaff, P A.
1978, " Thermodynamic derivatives of correlation
functions. Molecular Physics 35:315.

Leiderer, P Nelson, D. R:’Watts, D. R.; and
Webb, W, W, 1974. Tricritical slowing down of
sH erfluid dynamics in 3He-4He mixtures.
Physical Review Letters 34:1080.

Nelkin, M., and Bell, T. L. 1978. One-exponent
scaling for very high Reynolds number
turbulence. PhysiCal Review A 17:363.

Streett, W. B., and Gubbins, K. E. 1977. Liquids of
linear molecules; computer simulation and
tzhgqg% Annual Reviews of Physical Chemistry
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M.Eng. (Engineering Physics)
Degree Program

The professional degree of Master of Engineerin
(Engineering Physics) is offered as a fift year o
study following & Cornell undergraduate program
In engineering’ physics, or the equivalent.
Students who earn the degree may move into
applied physics development or résearch
programs, in industrial or government
organizations or may proceed to more advanced

raduate work in applied physics or related areas.

he degree program may be useful, for example,
as exploratory study for those Interested in
startln% graduate work but not ready to make a
commitment to a specific field. Or if'can be used
to satisfy prerequisite course work for certain new
areas of graduate study that involve a

The development of a photon radiation source
using microwave excitation of a helium gas
plasma is IhEBrO]eCt 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.

combination of enqineerin% or applied physics
and another discipline, either technical or
nontechnical.

There is considerable flexibility in the curriculum;
each student plans an individalized program in
consultation with the head of the progran
committee. Requirements for the degree include a
minimum of six credits in a graduate-level course



sequence; a graduate-level course in quantum
mechanics and an advanced course in statistical
mechanics, or their equivalents; and a weekly
report on a University seminar or colloquium
chosen in consultation with the program head.

The M.Eng. project requirement is satisfied by a
study or project, either experimental or analyfical,
that requires individual effort and is complefed
with a formal report. This project carries at least
six hours of credit. If the project is experimental,
one course in mathematics or applied .
rﬁathemanc,s at ti]e %reiduate 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
Enginéering Physics available as aqvisers fﬁr M.
En% projects afe B. W. Batterman, R A. Buhrman,
K. B. Caay, D. D. Clark, R. K Clayton, T. A. Cool,
H. H. Flgischmann, P L. Hartman, V O. Kostroun,
J. A Krumhansl, A. F Kuckes, B. R. Kusse,

A Lews, R. L Liboff, R 'V'E Lovelace, M.'S.
Nelkin, T. N. Rhodin, M. M. S%I\Peter, B. M, Siegel,
J. Silcox, R. N. Sudan, W, W. Webb, and G. J,
Wolga. Other members of the University staff may
also serve as project advisers.

The titles of some, recent projects or studies by .

M.Eng. (Enginegring Physms& students, and their

superwsgng professors, are;

LaEgmuir robe Plasma Measurements (B. R.

tsse

Microwave Excited UV Light Source éT N. Rhodin)

Problem in Electron Micrascopy (J. Silcox)

Study of Earth Magnetism (R. L. Liboff). ,

System Design of Taser Scanning Device as Aid
in Looking“at Defects and Imperfections (J. M.
Ballantyne, in eIe,ctnc]gI engmeenngh .

Absorpiive Properties of Synthrotron Radiation
(B. W. Batterman)

Faculty Members and Their

Research Interests

The faculty of the graduate Field of Applied
Physics iricludes members of a number of schools
and departments in the College of Engmee,nnP as
well as other units of the University. These include
Applied and Engineering P_h%/sms Astronomy,
Biological Sciences, Chemistry, Electrical
Engineering, Geological Sciences, Materials
Science and Enginéering, Mathematics, and
Mechanical and"Aerospace Engineering.

Dieter G, Ast, Dipl.Phys. (Stuttgart), Ph.D.
(Cornell): amorphous materials and polymeric

materials

Peter L. Auer, AB. (Comell), Ph.D. (California
Institute of Technology): plasma physics,
energxﬂpohcy

Joseph M. Balfantyne, B.S., B.S.E.E. (Utah), SM,,
Ph.D. EM'LTR: semlcondu,ct?r asers an
detectors, Integrated optical devices, solar cells

Boris W, Balterman, B.S., Ph.D. (M IT): x-ray and
neutron diffraction, synchrotron radiation,
solid-state physics ,

Simon H. Bauer, B.S., Ph.D. (Chicago): electron
diffraction and shock-tube techniques,
chemical lasers

John M. Blakely, B.S., Ph.D. (Glasgow): surface
gg]gsms and chemlstéy :

Rohert A, Buhrman, B. .gJohns Hopkins), Ph.D.
(Comell): superconducting devices, solid-state
and low-temperature physics, submicron

ithogra
K. Bhingha% %ady, B.S., Ph.D. (M.LT.): reactor
sics
ngi()jl D. Clark, A.B., Ph.D. (California, Berkeley):
experimental nuclear and reactor physics
Roderick K. Clayton, B.S., Ph.D. (California

Institute of Technology): biophysics,
photosynthesis o

Tenill A Cool, B.S. ﬁCahforma, Los Angeles), M.S.,
Ph.lD. ((ljalllforma nﬁtltut_e of Thechnology):
molecular lasers, chemica S

PC. To%lilas d% Boer, Ir. (M.E.WD)%, PhD.,
(Maryland): high-temperature gasdynamics,
plasma hKSICS

Frank D. Drake, B.E.P (Cornell), M.S., Ph.D.
(Harvard): radio emjssion from pulsars, radio
and radar studies_of the moon and planets

Lester F Eastman, B.EE., M.S., Ph.D. (Comell):
microwaves, solid-state plasma

Michael E. Fisher, B.Sc., Ph.D. (London):
mathematica| physics, statistical mechanics,
phase transitions and critical phenomena

Hans H. Fleischmann, Di I.P,th., Drrernat,
pechmcal University, Munich): plasma physics,
hermonuclear fusion o

Keith E. Gubbins, B,S., Ph.D. (London): statistical
mechanics of liquids, |I,%|UId, surfaces

David Hammer, B.S. (California Institute of
Technolog){), Ph.D, (Cornell): plasma physics,
thermonuclear fusion

Paul tL' I-llartman,t BS. Nelydada), Ph.D. (Comell):
optical properties of solids.

Martin 8 R—Iaﬁlﬁt, A (8%erim), Ph.D. (M IT):
astrophysics :

James R ‘Houck, B.S. (Carnegie-Mellon), Ph.D.
(Cornell): astrokgysms ,

Bryan L. Isacks, A.B., Ph.D. (Columbia):
selsmolo%y, global tectonics

Herbert H. Johnson, B.S., M.S., Ph.D. (Case):
mechanical behavior of solids ,

Vaclav O, Kostroun, B.Sc., M.Sc. (Washington),
Ph.D, (Oregon): fow-energy nuclear and atomic

hysics
E(i)wgrd J. Kramer, B.Ch.E. (Comell), Ph.D. .
(Camegie-Mellon): low-temperature physics,
polymers
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James A. Krumhansl, B.S, (Dayton), M.S. (Case),
Ph.D. (Comel): theoretical and aP I|ed h SICS
on leave as assistant director of the Nationa
cience Foundation)

Arthur F Kuckes, B.S. { MIT) Ph.D. (Flarvard):
geaphysics, plasma FP B

Briice R Kusse, B.S., Ph.D. (M. IT electron
heam ph{sms plasma é) g/

Charles A. Lee, B.EE. SR nsselaer), Ph.D.
(Columbia): solid-state physics

Aaron Lewss, B.S. (Missouri), Ph.D. (Case Western
Reserve): cellular biophysics, transduction
mechanisms in visual phatoreceptor cells,
active trans ort across cell membranes

Che-Yu Li, B.S.E. (Taiwan College of Engineering),

Ph.D. gCorneII) mechapical properties of

maten IS |rrad|at|on effects

Richard L. Liboff, A.B. (Brooklyn), Ph.D. (New York
Un|ver3|ty) plasma physics, statistical
mechanics

Richard V E. Lovelace, B.S. &Washlngton) Ph.D.
(Cornel: Iasma %hg(sms heor astrophg/sms
Ross A. McFarlane, McMaster
Ph.D. (McGill): quantum eIectronlcs

Paul R. Mclsaac, B.E.E. (Comell), M.S.E., Ph.D.
(Michigan): microwave electronics

Robert Merl, ChemE (Cornell), Sc.D. (M.LT.):
surface physics

Keith Moffat, B.S. (Edinburgh), Ph.D.
(Cambridge): protein crystallography, structure
and function of proteins

John A Nat|on B.Sc., Ph.D. almpenal College,
London) plasma physics, thermonuclear

fus

MarkS Nelkin, B.S. (MIT? Ph.D, (Comell):
statlstlcal phygcncs turbu ent fluid flow

Jack E. Oliver, D. (Columbia):

eis oIoPy %Io al tectonlcs

Edward OB Cooper Union), M.S., Ph.D.
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Polytechnlc Institute of Brooklyn): plasma

(5) %sn:s eIectroIp g
Edwin L Resler, Jr., B.S. (Notre Dame), Ph.D.
gnornell ): hi htemperature gasdynam|cs
a netoh rodynamics
ThorN. Rhodin, BS (Haverford), AM., Ph.D.
(Pnnceton) physics and chemistry of surfaces
and interfaces of metals and semlconductors
Arthur L Ruoff, B.S. (Purdue), Ph.D
high-pressure phenomena, |mpen‘ect|ons in
crystals, creep
Miriam M. Salpeter, BAA. (Hunter), M.S., Ph.D.
(Comell): b S
David N. Seidman, B.S., M.S. éNew York
Unlversny) Ph.D. (llinois): defects in solids,
radiation damage
Benjamin M. Siegel, B.S., Ph.D. E)MIT) electron
microscopy, surface physics, biophysics
John Silcox; B.Sc. (antoly Ph.D. (Cambridge):
electron mlcroscop¥ |m£erfect|ons in crystals,
superconductlvny erromagnetism
Roger M. Spanswick, B.Sc. (Birmingham)
|p B|ophys Ph.D. ( Edlnburgh) biophysics,
lon trans
Rawnn ra !\PSudan B.A. (Punjab, Ind|a) M.S.
Indian Insfitute of Science), D.I.C. (Imperial
oIIege London), Ph.D. (London): plasma

physics

Chung L. Tang,
Institute of Technology), PA.D
quantum electronics

Donald L Turcotte, B.S. (California Institute of
Technologyl) M.Aero.E. (Comell), Ph.D.
(Cahfornla nstitute of Technology?] aerospace

en neenbg g@sdgnamgM e)op ufar

blophy5|cs ‘chemical physms cooperatlve
phenomena, h}/drod ynamics, physical optics,
photon correlation spectroscopy

Harvard):

B.S. (Washlngtonz M.S. éCaIn‘ornla

Charles B. Wharton, B.S., M.S. (California,
Berkeley): plasma physics, microwave
electroriics

GeorgeJ Wolga, B.E.P (Cornell), Ph.D. (]MIT)

gznetoo plics, quantum electronlcs ight
scattering In solids, photoacoustic
spectroscopy

Further Information

Additional information may be obtained by writing
to the Graduate Faculty Representatjve, Applied

){(SICS Comell University, Clark Hall, fthaca, New



Chemical
Engineering

The gradyate Field of Chemical Engineering at
Cornell offers programs in interdisciplinary and
developing specialties, as well as inthe more
traditional ar(fas of chemical engmeermg. ,
Apprommate}é forty students aré now pursuing
graduate work in & 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 éading to the
degree of Doctor of Philosophy or Master of
Science or may study, for the professional degree
of Master of Engineefing (Chemical).

Cornell offers unusual ogportunmes for
interdisciplinary research, and the system of
8raduate fields (which often cut across
epartment lines) encourages such studies..
Faculty members within thé School of Chemical
Enﬁmeermg are involved in collaborative work
with other researchers. in the Materials Science
Center and in academic units in chemistry,
gh sics, mechanical ?n ineering, amolled and
nélneenn? physics, food science, microbiology,
agricultural' sciences, and applied mathematics.
Joint seminar programs in such fields as applied
mathematics, chemical hys#:s, n}aterlalfs
sclence, and biochemistry offer a forum for the
discussion of research activities. Major research
facilities available include an excellent librar
system (among the top ten in the United States),
the Wilson synchrotron for,h|gh-energ% and x-ray
studies, the submicron faility, the [f 11/70
com{)ufer at the_ School of Chemical Engineering,
and the University's IBM 370/168 computer an
its associated array processor.

Graduate students normally enrich their education
b?/ taking advantage of the diverse courses
offered in the many distinguished schools and

departments at Cotmﬂl.l addition t? minors in
other engineering Tields, the physical sciences,
the bloloq_lcal and agricultural sciences, and
mathematics, some Students select minors in
such nonengineering fields as business
administration, economics, and law.

The facuIR/ is an outstandin% %ou of
professionals with a strong commitment to
scholarly research and t,eachm(%. Many keep in
close touch with industrial practice by serving as
consultants to a wmie varie Y of firms. Flye have
recelved the annual Tau Befa Pi-Cornell Society
of Engmeers Excellence in Engineering Teaching
Award. Faculty publications include several
hundred journal articles and four textbooks that
are used in chemical engineering departments
throughout the nation. These texts are:
Harriott, P 1964. Process control. New York:
McGraw-Hill. , _
McCabe, W. L., and Smith, J. C. 1976. Unit
operations of chemical engineering. 3rd ed.
ew_York: McGraw-Hill. ,
Reed, T. M., and Gubbins, K. E. 1973. Applied
statistical mechanics; thermodynamics and
transport properties of fluids. New York:
r -

McGraw-Hill. o
Rodriguez, F 1970. Principles of polymer
systems. New York: McGraw-Hill.

Facilities

In addition to the University su_Pport facilities .
mentioned above, special facilities are available in
Olin Hall of Chemical Engineering. This building is
well eqmpFed for modern research. It includes
many small laboratories for gtr)aduate s.ttf]dent
research (many of these will'be refurbished In
1978), as well as specialized laboratories for work
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in such areas as polymers, unit operations, .
b|0fhem|cal engmeerm%, microscopy, kinetics,
surface sclence, transport phenomena, and
thermodynamics. The school maintains its own
IlbrarY of reference books and perjodicals 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.

As a result of the diversity of faculty interests,
projects that represent the extension of chemical
engineering into other fields are also available.
Theése fields include materials science, applied
chemistry, microbiology, food science, applied
mathematics, applied physics, environmental
engineering, and the agricultural sciences.

Much of the school's current or projected .
research can be grouped into the categories
listed below, although the fqroupmgs are
necessarily arbitrary and there is Considerable
Interaction’among areas.

Olin Hall, th
School of C
located on t

e spacious headquarters of the
pemlcal Engineering, is centrally
e

Cornell Campus.



Biochemical Engineering

Biological Jo,rocesses, are important in all natural
cycles and in many industrial processes.
Solutions to such Societal problems as energy
and food production, protgctlon of the
environment, and the production of

harmaceuticals require the coptribution of

lochemical engineers. Specialists in this area will
also have an increasingly important role in the
development of a basiC understanding of how
biological systems function.

Because the School of Chemical Engineering at
tCokr)neIIhhas, m?mtamed alon -tefrm 'I'tommltdetﬂt
0 biochemical epgineering, the facilities and the
mterdmR Inar nr%@ necegssar f%r an eﬁ%ctlve
program have been well established. A wide
variety of research projects are currently in
progress.

R K. Finn's research encompasses a number of
important problems. Among these is the
improvement of alcohol fermentation processes,
which PotenUaIIy can provide the United States
with a tuel derived solely from agricultural by-
,oroducts includin ceIIqus?. Clrrent work
ncludes the development of techniques for the
rapid removal of product alcohol by vacuum
distillation or solvent extraction.

Another project under Finn's supervision is the
development of microbial processes to enhance
the digestibility and nutritional value of cellulosic
materials, such as straw, for feeding to ruminants.
This proe}ect involves fundamental Studies of
solid-substrate fermentation and the digestion of
feedstuffs in the ruminant stomach.

Many industrial wastewaters contain toxic
refractory chemicals such as the moderately
persistent pesticide 2,4D. The proper treatment of

wastewater requires greater knowledge of the
effects the chemical and physical Bropertles of
orﬁamc comp?unds hav? ﬂn their |odeqrafiat|on.
Fifin and M. Alexander of the Department o
Agronomy are leading a project tq investigate the
kinetics and metabolic pathways involved'in the
degradation of such compounds.

In addition to these specific projects, Finn has
active interest in aeration and agitation,
biopolymer synthesis from methanol, enzyme
E_unfl,catlon by solvent precipitation, and the

inetics of microbial growth and product
formation.

M. L. Shuler's research group is examining a
variety of fundamental experimental and "
theoretical problems involved in the utilization of
waste materials, the é)roducnon of .
nonconventional foods, and. the manipulation of
organisms to increase the yield of bioproducts.

One of these prog]ects is concermned with the
mani uIatlﬁn of t e,ablotgc environment t

enhance the formation of secondary ||oro ucts
from suspension cultures of plant cells. Many
pharmaceuticals require, as starting compounds,
natural products from plants; sincesuch
compounds normally must be extracted from
whole plants, a cell-culture process would offer
rac? al be?eflts. In addition, information abou}
e effects of environmental manipulation on cell
differentiation mlght prove useful to those working
in the agricultural’and medical sciences.

Akinetic study of the biodegradation of
%entachlorop enolis carried out by Gary

tanlake, a postdoctoral associate, with the use
of a chemostat. Studies such as this are aimed
at the |mFrovement of industrial wastewater
treatment.
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Another project supervised by Shuler is the
development and experimental verification of a
computer model for the growth of individual
bacterial cells. The development of such a model
may allow the formation of optimal process
designs for the production of biochemicals and
assist in thF |mé)lementat|or] of Wocess-control
strategles for fermenters. Also, with a
well-developed c1uant|tat|ve model, it should be
ﬁossmle to rapidly test the plausibility of new

ypotheses for the mechanisms of bacterial
growth. G. G. Cocks is jointly supervising that
portion of the project requiring the use of the
electron microscape.

An ongoing project headed by Shuler has
developed reactor systems using whole cells
immobilized in hollow fiber devices that are
capable of the continuous production of
biochemicals. In certain cases, such schemes
may simplify Product recovery and result in
increased ylelds.

Shuler is also a member of an interdisciplinary
group, which includes researchers in poultry
Science and nutrition and In mlcroblqlo%_
mvestlgatmg the use of controlled microbial
Rrocesses, 0 convert poultry manure into a

igh-protein feedstuff suitable for refeeding to
hens, In addition to reducing environmenta
problems, such a scheme could help to increase
ﬁ[ Hmcaqtl the world's ability to produce

% -qua |t¥ protein.

A new project planned by Shuler in collaboration
with researchers at the Institute of Food Science
will seek to deveIoP fermentation techniques for
the manufacture of protein-enriched and meatlike
foods from nontraditional food sources. Inthis
roject, natural fermentative cultures from Asia will
e manipulated to yield food products acceptable
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to American tastes. The large-scale production of
such foods would require athorough study of heat
and mass transfer characteristics in solid-substrate
fermentations and of the kinetics of growth of
mixed-microbial cultures.

In Olin Hall of Chemical Engineering about 3,600
square feet of space is devoted to Tesearch.
Er%ects in biochemical engﬁneermg. In addition, a
00-square-foot laboratory has beén completely
remodeled and eqU|pPed for a new
raduate-leve| laboratory course, Controlled
ultivation of Microbial Cells.

The research laboratories are well equipped with
fermenters, including a variety of New Brunswick

Students Fikret Kargi (at left) and Glenn
Mazzamaro are using a multistage aerobic
fermentation process in research on the
contversmn of poultry waste into single-cell
protein.

bench-scale Fmts aFd one 40-liter unit. Trer is
also an excellent selection of equipment for both
aseptic and nonaseptic experiments involving
biological organisms. This equipment includés
temperaure-controlled and refrigerated shakers,
and analytical devices such as & Coulter Counter,



a Beckman Acta SEectrophotometer, a Beckman
TOC unit, and an IEC refrigerated centrifuge.

The work of graduate students and faculty

members in The area of biochemical engineering

Is represented by the following publications: .

Finn, R. K. 1975."The prospects for fermentation
alcohol from hydrolyzed cellulose. .
Blo_technol%gy and Bioengineering Symposium
Series 5:353." o

Haller, H., and Finn, R. K, 1978. Kinetics of
biodegradation of p-nitrobenzoic acid. Applied
and Environmental MICfObIO|Og[X 35:816.

Ho, S Y and Shuler, M. L. 1977 raadlc ions qf
cellular growth patterns by a feedback model.
Journal of Theoretical Bio ogx; 68415,

Kan, J. K., and Shuler, M. L. 1978, Urocanic acid

roduction usm? whole cells immobilized in a
28]|2(J1V% fiber. Biotechnology and Bioengineering

Kubeck, D. J., and Shuler, M. L. 1978. Electronic
measurement of plant cell number and size in
susgensmn culture. Journal of Experimental
Botany 29:511. ,

Ramalingam, A, and Finn, R. K. 1977. The
vacuférm process: a new approach to
ermentation alc%ng8 glotechnology and

|oen|\%|neerma?
Shuler, M. L. et al. 1978, A process for the
aerobic conversion gf poultry manure Into a
high protein feedstuff. Biotechnology and
Bloen%meenn (in press). _ _
Tam, K. T, and Finn, R. K. 1974. Residence time
of sphere or air tfu,bble in sheared
non-Newtonian fluids. Nature 252:572.

. 1977. Polysaccharide formation by a
Methylomonas. Chapter 5 in Extracellilar
microbial %ysaccharldes, symposium series
no. 45, ed. R'A. Sandford and A. Laskin, p. 58.
Washington, D.C: American Chemical Society.

Chemical Microscopy

Chemical microscopy has been taught at Comell
since the turn of the Century and s Still a vital,
growing field of study. In recent years man¥ new
and exciting microscopes, have been developed
that are now widely used in chemical and
chemical e_ngmeenng research. Todaa/
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 pro?rams include studies of the
formation, microstructure, and ?hysmal properties
of gels and other polymeric materials. This "
rese rc,w Ras otentlahaﬁpllcatlons Jn medlcflne.
Much of the current effort Is devoted to stu mq
collagen as a biomaterial that would be useful, Tor
example, in kidney machines or for artificial blood
vessels, sutures, corneal replacement,
vitreous-body replacement, or drug-delivery
systems. Another aspect of microscopical
résearch 1s the study of the nucleation and growth
of crystals, This reséarch has applications in such
areas as desalination by freezm?, the engineering
production of crystalliné products, mineralogy,
%nd biomedical gro,blems such as the %row of
ones, 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.

The microscoPy laboratory is well provided with
light and electron microscopes and auxiliary
eQuipment for the preparation of specimens.

These facilities are under the supervision of G. G.
Cocks, who, in collaboration with other facu]t\f
members, directs research projects in this field.

This electron microgra?h (magnified 100,000
tlmesz,ofacolla?en gel was obtained in an
inves |?at|on of the structure and mechanical
properiies of gels. Itis a freeze-etched replica
of a 0.5percent collagen gel.
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Electron microscopes such as this one used by
?raduate student |(:L1 Weissman Fre.avanable
or experimental work in chemical microscopy
and.in many other areas of chemical
engineering research.
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In the new minicomputer laboratory, Professor
Keith Gubbins discusses a problen in the
simulation of liguids with postdoctoral
associates Paulette Clancy and Steve Thompson.

Representative theses and articles include:

Cluthe, C. E. 1972, A microscopical study of the
strvc urﬁ ?f radla,Ho cr?sslm ?d aqueous
PO?/' ethyleneoxi esl els and frozen cryopro-

ective solutions. PR.D. thesis (G. G. Cocks).

Cocks, G. G. 1978, Chemical microscopy.
Analytical Chemistry 50:205R.

Cocks, G. G., and Cluthe, C. E. 1971. Structures
formed b}/ cryoprotective aPents used in freeze-
etching. In Proceedings, Efectron Microscopy
Society of America, New Orleans: Claitors,

Weissman, R. C. 1978. A microscopical study of
the %elanon of chemically crosslinked collagen.
Ph. D. thesis (G. G. Cocks).

Computer Simulation

With recent advances in computer technology it
has become possible to numerically evaluate
problems that would have been unapproachable
a decade ago. Much of the research In the school
makes use of the computer to simulate the
response of physical systems to perturbations in
their environment, forming an |mPortant bridge
between actual experiment and theory, Such
research not only allows the solution of specific
problems but also furthers the development of
computer simulation techniques. Projects
involving computer simulation are described in
the sections on hiochemical er&gmeermg, .
polrmers_and biomaterials, and"thermodynamics
of fluid mixtures.

Excellent facilities are available for large-scale
computation. These include the school's PDP



11/70 computer, the largest of the PDP 11 series,
which has 256 kb of core storage plus 28 mb of
disk, and is comparable in speéd o such
mainframe computers as the 1BM 360, the CDC
6400, and the | one}/well 6000 series. The
University's Office of Computer Services also
maintains a floating point arrax/lproc?ssor
attached to the University's IBM'370/168 for
large-scale computing. The speed of the array
rocessor is similar to that of a CDC 7600 (about
ifteen times faster than the DEC ]1/702; it has at
Rresent 100 kw of memory and uses 32-bi

substanglal amount of time on this machine is
allocated for research on computer simulation of
liquid mixtures that is being carried out at the
School of Chemical Enginéering.

Examples of recent Eublications are:
Halle, J. M.; Litchinsky, D.. McPherson, R. Gray,
C. G.; and Gubbins, K. E. 1976. Monte Carlo

-bit words.

Research aide Herb Sawin adjusts low-energy
electron diffraction (LEED) optics during
research on iridium catalysts (used in
hydrazine rocket engmes{

simulation of molecular fluids on a minicomputer.
Journal of ComPutatlonal Physics 21:2217.

Ho, S. V., and Shuler, M. L. 1977, Predictions of
cellular growth patterns by a feedback model.
Journal of Theoretical Biology 68:415. =

Streett, W. B, aqd Gubbins, K E. 1?77. Li u&ds of
inear molecules; computer simulation ar
theary. Annual Review of Physical Chemistry

28373,

Streett, W, B., and Tildesley, D. J. 1978. Computer
simulations of polyatomic molecules. Ill. Monte
Carlo studies of homonuclear and
heteronuclear hard diatomics. Journal of
Chemical Physics 68:1275.

Kinetics, Catalysis, and Surface Science

The heart of most industrial chemical processes is
the reactor ﬁlem n[(,' which often employs
catalyst. Although Kinetics has been a vital part of
chemical enginéering instruction and research for
many years, kinetic data are often the weakest link
inthe assessment of a new process. Also, the
fundamental nature ?f reactions af the surface of a
solid catalyst 1s poorly understood. These

groblem areas are the subject of research at the
School of Chemical Engineering that seeks to
Improve the understan |n% of the basic
mechanisms involved in chemical change. The
programs in this area are strengthened by the
strong, interest at Cornell in surface scienCe,
Chenical engineering faculty members and
students share interests and” cooperative work
with research %roups in materials science and
erﬁgmeermg, chemistry, physics, and applied
physics.

Research directed by R. P Merill involves the
chemistry and physics of reactive solid surfaces.
The composition, structure, and electronic
properties of surfaces are studied in situ during
Interactions with gas-phase species. Electron
diffraction, Auger spectroscopy, photoemission,
molecular beam scattering, and
temperature-programmed desorption are among
the techniques used. These studies are appliedto
technalo |c%I problems das diverse as catalsysF,
corrosion, adhesion, and the aerodynamics o
vehicular flight.

One current project js concerned with the
decomposition kinetics of monopropellent rocket
fLHeI, anothe{ is a study of tiaer ac(slve surface
chemistry of ruthenium, and athird s an
investigation of how the distribution of active
metals can be controlled in the impregnation of
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porous cataIYSts. New project work includes the
development of an experiment to stud)( the
collision d{Ynamms of oxygen atoms with solid
surfaces N the NASA space shuttle and a study of
%tge growth of epitaxial oxides on aluminum an
Itanium.

Catalysis by supported metals and the kinetics of
rqlas-,solld réactions are being investigated by P.

arriott. Transient and stea K-state testf ina
differential reactor have beef used to clarify the
steps in the formation of methane on Ni-Si02
catalysts, and the apparent changes in kinetics
with emperatur? and particle sizé are now being
studied. Specially prepared silver catalysts are
used to measure’the rate of partial oxigation of
methanol to formaldehyde under conditions in
which temperature and concentration gradients
normally obscure the kinetics. Research continues
on.the regeneration of spent carbon adsorbents,
using a flidized reactor and a thermal balance to
seggrate thg steps of pyrol Sis, cobmbustlon of the
residue, and reaction of the adsorbent.

The effects of mass transfer on overall reaction
rates and on scale-up problems are also being
investigated under Harriott. Diffusion and
nonequilibriym adsorption have been shown to
affect the selectivity in slurry hydrogenation, and
the effects of solvent properties are being ,
examined, Work continues on fluidized beds, with
current interest focused on the effect of particle
properties on bubble formation and gas
interchange rates.

The reactive surface chemistry of ruthenium is
studied by Professor Robert Merrill (at right)
and graduate student Bill Arvin,



R L. Von Berg and F Rodriguez are available to
direct theses related to the development of
nuclear facilities, Nuclear reactor engineering
involves many chemical engineering processes,
and chemical engineers with a background In
nuclear physics are uniquely qualified to handle
many of thé Eroblems of thig indlustry. Preparation
for such work requires a major in chemical
engineering and course work in the School of
Applied and Engineering Physics, which has
outstanding experimental facilities in this field.
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 h|gh-ener%y radiation to induce
chemlﬁal reactions; at Comell an extremely
versatile Eamma radiation cell Is available for
such work.

Facilities for research in kinetics, catalysis, and
gurface suen%e also include a”r?centl completed
600-square-foot "clean room” for surface
chemlstry research. This room houses the
sophisticated hlgh-vacuum units employed in
fundamental studies. An additional =~
800-square-foot laboratory is used for kinetic
studies and for the preparation and
characterization of catalysts. A BET apparatus
and an electron microscope for use in
characterizing catalysts are available.

Recent publications in this area_include:

Hernandez, L. A, and Harriott, P. 1976. ,
Re,g,eneranon of powdered active carbon in a
fluiclized bed. Environmental Science and
Technology 10:454.

Professor Peter Harriott and graduate student
Sa Ho discuss progress in a Kinetic study of
methane formation from simulated coal gas.
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Kiran, E., and Rodriguez, F 1973. Effects of
gamma radiatjon on aqueous pol¥mer solutions
—acom araﬁlve study. JouAnal,o
Macromolecular Science-Physics B 7:209.

Masel, R. I, Miller, W. H.; and Merill, R. P 1976.
Atomic scattering from a sinusoidal hard wall:
comparison of approximate methods with exact
gg%ntggbéesults. ournal of Chemical Physics

Matsor, S. L., and Harriott, P 1978. The kinetics of
the ruthenium-catalyzed reduction of nitric
oxide by hydrogen. Industrial and Engineering

((;hemlsr roduct Research and Development
in press.
MerriIIp R F. 1977. A molecular view of diffusion

and reaction in forous catalysts. Journal of
Catalysis 50:184. ,

Stoll, A"G., Jr.: Ehrhardt, J. J,; and Merill, R. P,
1976.  Helium diffraction from tungsten (112).
Journal of Chemical Ph}éSICS 64(1}2:34.

Tsuto, K. Harriott, P and Bischoff, K. B. 1978.
Intraparticle mass transfer effects and
selectivity inthe palladium-catalyzed
h%/dro efation of methyl linoleate. Industrial,
and E) gineering Chenfistry Fundamentals (in
press).

Polymers and Biomaterials

Hundreds of industries and millions of people are
involved in the production of plastics, rubbers,
lacquers, ragons, and cellorPh,anes. These
materials are made of synthetic long-chain ,
(polymer) molecules that have theircounterpart in
natyre in‘the form of cotton, wool, proteins, and
nucleic acids. Chemical engineering, chemistry,
and materials sg|ence and en meerlwgC are
among the academic fields atComellcurrently
pursuing research in this area.
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Polymer studies directed by E Rodrlquez center
on mechanical, electrical, and optical properties
of mylticomponent polymer systems, including
copoIP/mers, polymer Blends, filled polymers,
crosslinked poly,mers, and polymer solutions, Also
under investigation are the kinetic relationships of
&o P/menz UOF rocesses —often rapl Leac lons

f free-radical or ionic character—and the
distribution of reaction products.

Another research area in which Rodriguez is
active is the study of the crosslinking of collagen
and collagen-polymer mixtures by ultraviolet
irradiation. This work is directed toward finding
collagen-based materials with physical properties
that make them suitable for such uses as artificial
blood vessels, burn coverings, and cornea

iOdSIOK  PtHOUI

In a graduate research project, Richard
Mohrm? tests the mechanical properties of a
new polymeric fiber,

replacement. Studies of polyacrylamide gels are

also under way In collaborafion with C. Cohen; the

goal is to achieve an understanding of the phase
lagram and thermodynamics of these gels.

Cohen’s research is concemed mainly with the
thermodynamic and fluid dynamic Pro erties of
polymer solutions and bulk polymers. Theoretical
results for phase separation and critical
conditions have been obtained for the general
case in which the important effect of volume
change when polg(m rand solvent are mixed is
taken into account. These results will be tested,



ex,t?nded, and used to predict and interpret the
Brillouin spectra of I|% t'scattered from polymer
solutions —spectra that contain information about
transport processes in the solution.

A new laser light-scattering spectrophotometer in
Cohen’s laboratory will be'used primarily for the
study of relaxation and diffusion phenomena in
bulk polymers. Relaxation phenomena are
important in determining the bulk transport
properties, which in turl determine the
mechanical and engineerin progertle,s of
Polyme_nc_ materials; laser I|%ht scattering is used
0 obtain information that cannot be acqired by
more standard techniques based on_mechanical,
d*elect"c, nd NMR measurements. qu dn‘fusm”w
ot small molecular species through polymers wi
be studied In another planned project.

Cohen is also a member of an interdisciplinary
group of chemical, mechanical, and materials
engineers who are conducting experimental and
theoretical investigations of injection molding.
Numerical simulations of mold filling have been
developed, taking into account non-Newtonian
rheolo%/, viscous, heating, and cooling in the
mold: these simulations have been folind to .
compare well with experimental results obtained
in the industrial laboratories of Cincinnati Milacron
and Xerox. Current efforts include an attempt to
resolve the orientation of polymers in the mold
nd to define tne various Iﬁ)rocess variables that
etermine such orientation.

The chief research interest of G. G. Cocks is the
development of various techmci,ues, such as
freeze-etching, for the preparation of specimens
for electron microscopy. Current work includes a
study of the structure and mechanical properties
of callagen gels prepared by crosslinking the

polymer solution by means of gamma radiation,
ultraviolet radiatiori, or chemical reaction.

Some r%presentative publications in this area of

research are: _ .

Chapman, E. W, and Rodriguez, F 1977. Acrylic
resin reinforcement of reconstituted collagén
fi'%g folymer Engineering and Science

Clark, D. B., and Rodriguez, F 1976. A
comparison of d_rag' reduction for flows in
circular tubes with tlow between parallel plates.
Journal oprr%Iled Polymer Science 20:315.

Cocks, G. G. lﬁa 8. Chemical microscopy.
Analytical Chemistry 50:205R. _

Cohen,”C. 1977. Thermodynamic fluctuations and
light scattering in monodisperse polymer
s%I%téolns. Journal of Polymer Science (A-2)

15:291.
Cohen, C.; Sankur, V; and Pings, C. J. 1977,
Laser correlation spectroscopy of amorphous
olymet%lmethacrylate. Journal of Chemical
hysics 67:436

Zvanut, C. W, and Rodriguez, F 1977. Collagen

as a biomaterial: modulus jump and
degradation of collagen gels. Journal of
Applied Polymer Science 20:2871.

Thermodynamics of Fluid Mixtures

The proper selection and design of chemical
processing equipment require precise information
on the composition of the fluid mixtures within
each processing unit. The study of the
thermodynamics of fluid mixturés can yield
importarit information about the propefties of each
pﬂase and the interchange of material between
phases.

The research interests of K. E. Gubhins center

around the understanding of phase equilibria and
molecular transport processes in |IgUI,d mixtures
of industrial interest. Present emphasis is on polar
and hydro%en-bonded liquids, and_on liquids of
interest to the natural gas industry. Three
approaches are used:” experimental, computer
simulation, and theoretical, Some current research
projects are described below.

L In computer simulation studies of liquefied
methane and other constituents of liquefied
natural Pas, a model is proposed for the
Intermolecular forces, and then the motion of the
molecules is simulated by the computer. The .
computer can determine the physical properties
of the liquid for all state points in the pnase
diagram, the Intermolecular force model can be
refined. b¥ using avajlable experimental data, and
then this force model can be used fo study state
conditions and properties that are inaccessible in
the laboratory.

2. The gas-liquid surface of a polar fluid is being
studied oy computer simulation, yielding many
grope,rtles th?t cannot be determined _

xperimentally; examples are the congentration
profiles, molecular orientations, and diffusion
coefficients at the surface.

3. Phase diagrams for mixtures involving polar
and hydrogen-bonded components are being
studied by a combination of theory, simulation,
and experiment. The am is to produce a detalled
understanding of such mixtures and to develop
accurate correlation methods.

Contacts, mcl,udmIg reciprocal visits, are
maintained with ¢ OUPS doing similar work at the
University of Florida, the University of Guelph, and
several Uiniversities in Europe (nofably, Oxford,
Kent, and Stuttgart).
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The two principal research interests of W. B,
Streett are experimental studies of the physical

A o Mo e T Selodty S eound

phase equilibria, etc.), and computer simulation
studies of fluids usmg Monte Carlo and molecular
dynamics methods. The experimental studies are
agPhed to pioble s of interest }n dp.etroleu
refining, coal gasification, liquetaction and
transportation of natural gas, and other industrial
processes. Besides having chemical engineering
applications, these high-pressure experiments are
relevant to studies of the deep atmosphere and
interior structures of the gilant planets —Jupiter,
Saturn, Uranus, and Neptune —which are known
to be composed mainly of light gases. The
computer simulation sfudies of fluids provide
detalled information about structure and motion at
the molecular level and about the often subtle
relations between microscopic and macroscopic
Eropemes. In this field Streett works closely with
ubbins. Their joint research on fluids, combining
the methods of theory, experiment, and computer
simulation, constitutés a powerful Integrated
anroach to the shudy of dense ﬂHIdS Exa“nwes
of current research projects include the following:

1., Vapor-liquid equilibrium studies of binary
mixtures containing hP/d,rogen are carried out
using a vapor-recircufating equilibrium system
apable 0 [eachm% pressures a h|8h as 10,000
ars. Experiments on mixtures o ,h;r] rogen with
nirogen, methane, ethane, and higher
hydrocarbons are in progress.

2. PVT measurements on pure and mixed fluids
at pressures as high as 4,000 bars are made by
means of a gas-expansion PVT apparatus.
Pressures are measured with an accuracy of 0.01
percent by a deadwelght %auge, temperatures
with an accuracy of 0.01° K by a platinum
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resistance thermometer, and densities with a
precision of a few parts in ten thousand.

3. Computer simulations of model fluids
consisting of highly idealized molecules are
carried out using Monte Carlo and molecular
dynamics methods. The former technique is
based on the use of random numbers; the lafter
on the solution of the Newtonian equations of
motion of several hundred to several thousand
Interacting particles. Sophisticated computer
programs; requiring many hours of computing time
are used in this reSearch.

C. Cohen directs his interest in thermodynamics
toward the study of polymer solutions and gels, as
described inthé section on polymers and
biomaterials.

Dr. William Streett measures the PVT behavior
of a fluid mixture at high pressure.

Facilities available for the computer simulation
studies of fluids include the PDP 11/70 computer
at the School of Chemical Engineering and the
University's array processor (described in the
section on computer S|mu|at|on),. Experimental
equipment Includes apparatus for PVT and
speed-of-sound measurements and for -~
high-pressure phase equilibrium studies; facilities
aré avallable for experiments conducted over a



wide temperature range, including cryogenic
conditions.

Representative_publications in this area include:
Conen, C. 1977. Thermodynamic fluctuations and
light scattering from mdnodisperse polymer
E%I%nons. Journal of Polymer Science (A-2)

Cohen, C.; Gibbs, J. H.; and Fleming, P.D. 1?73.
Condensation and gelation: clarification 0
Stockmag/er’s analogy. Journal of Chemical
Physics 59:5511. o

Gubbins, K. E., and Gray, C. G. 1978. Statjstical
mechanics of polyatomic fluids, Internaional
series of monographs on_chemistry. Oxford:
Oxford University Press (in press).

Gubbins, K. E.; Gray, C, G.; and Egelstaff, P A,
1978, Thermodynamic derivatives of correlation
functions. Molecular Physics 35:315.

Gubbins, K. E,, and Haile,"J. M. 1977, Molecular
theories of Interfacial tension, In Oil recovery by
surfactant and pol?/]merﬂoodln ,ed. D 0.
Shah and R. S. Schechter, p. 119. New York:
Acad(fmlc Press,

Nunes da Ponte, M.; Streett, W. B.; and Staveley,
L. A K 1978, An experimental study of the
equation of state of liquid mixtures of nitrogen
and methane, and the effect of pressure on the
excess thermodynamic functions of this |
system. Journal'of Chemical Thermodynamics

10:151

Streett, W. B., and Gubhins, K. E. 1977. Liquids of
linear molecules; computer simulation and
tthor7y. Annual Review of Physical Chemistry

Streett, W. B., and Tildesley, D. J. 1978. Computer
S|mFIat|ons of éJoAyatomm moIecuAes. [Il. Monte
Carlo studies of homonuclear an

heteronuclear hard diatomics. Journal of

Chemical Physics 68:1275.

Transport Processes

Problems in transport processes are frequently
%n%ounter,ed in chem|fal Rrocesse&, get their
ehavior is often poorly understood. Severa
faculty members have research projects oriented
toward the solution of some of these problems.

G. G. Scheele is concerned primarily with the fluid
mechanics of immiscible liquid-liquid s¥stems.
Most of his studies have arisen from actual
industrial problems and involve both experimental
and theoretical aspects. One experimental
technigue employed to facilitate the observation
of rapidly occlrring phenomena is high-speed
motion-picture photography. Examples of
Scheele's current research projects include
studies of (1) the effect of impact velocity on the
robability of coalescence of two colliding drops,
2) the interaction of rap|dlk/ moving dropS with a
planar liquid interface, (3) the prediction and
measurement of the velocity distribution in a
laminar Iqwd jet, and (4) the effect of relative
hase motion on the formation and behavior of
rops and jets in immiscible liquid-liquid systems.

A,b(t>ve: Inhthtis experimeé]t,high-spde%d mozjiont
ictyre photogr Is bejng use raduate
gtu entpDave%%Fmo studthe rapuYg
coalescence of liquid drops, Such graduate
research projects will provide a befter
fundamental basis for the design of
liquid-liquid extraction systems.

Below: In related work, graduate student
Marise Lada is usmg hlﬁ -speed motion picture
Photography fo studly the mechanics of drop
formation il |I(1UId-|[qUId systems. This
information will aid in the design of liquid
Injection systems.



J. Smith has directed several research projects on
the behavior of free-flowing solids. A recent study,
using a piezoelectric pickup as an impact counter,
established particle frequency distributions
?cross a stream fof TCC caﬁalyst beahds |ssumi
rom openings of various shapes in hoppers 0
variou des@ns. These distributions wmpbe helpful
in the development of mathematical models of the
particle motion. Other areas in which Smith has
research interest include aeration and mixing of
non-Newtonian liquids and ternary liquid-liquid
phase equilibria.

G. G. Cocks, P Harriott, R. L. Von Berg, and H. F
Wiegandt are involved in a study of deSalination
by fieezing, & process that ufilizes secondary,
immisciblg, direct-contact refrigerants. This
process has favorable thermodynamics and offers
Intriguing engineering possibilities. Overall
engineering and economic evaluations are used
to incor ?rate tp}e result%of, the experimental work
at Comnell and the contributions of other
experimenters into a general desalination
program.

Investlr%atlons of molecular transport processes in
liquid mixtures _poner solutions, and bulk
olymers are directed by K. E. Gubbins and C.
ohen; these studies aré described under other
headings.

The following publications illustrate research on

transport processes at Cornell:

Cohen, C,, and ,Flemln%_P. D. 1976. _
Hydrodynamics of solids. Physical Review B

13:500.

Cohen, C.: Fleming, P. D.; and Gibbs, J. H. 1976.
Hydrodynamics of amorphous solids with
aﬁph,ca ion to the Iqht scattering spectrum.
Physical Review B 13:866. . _

Cohen, C., and Leal, L G. 1978. Light scattering
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from ri(T]jd spheroids in shear flows. | The
orientation correlation. Journal of Chemical
Physics 63:5348. .

Haile, J.; Mo, K. C.; and Gubbins, K. E. 1976.
Viscosity of cryogenic liquid mixtures, including
IZ.NgolAdvances in Cryogenic Engineering

1:501.

Hanley, J. M.; Murad, S.; and Gubbins, K. E. 1978.
A correlation of the existing viscosity and .
thermal conductlvne( data of gaseous and liquid
ethane. Journal of Physical Chemistry
Reference Data (in r?ssg. .

Harriott, P 1975, Thermal conductivity of catalyst
Eellets and other porous gamcles. Chemical

nlglneenn Journal 10:65.

Mo, K- C., and Gubbins, K. E. 1976, Conformal

solutjon ,th_eogl for wscos”t\% and thermal .

g(insdz%ctwlty f mixtures. Molecular Physics

An instrument useful in many projects is the
spectrophotometer. Here graduate student

harles Baker uses it for fesearch on transport
through membranes.

Pendergrass, J. H., and Scheele, G. F 1974.
Rapid coalescence of liquid drops af a
|IQUId-|I%lId Interface. Paper read at 67th
Annual Meeting of American Institute of
Chemical Engineers, December 1974, in
Washington, D.C.

Wlegandt H. F: Von Berg, R. L. and Patel, P.R
1978. The crossflow piston bed. Desalination

(in presg). o

Yu, H., and Scheele, G. F 1975. Laminar jet
contraction and velocity distribution in™
immiscible Ilqlu_ld-llqwd systems. International
Journal of Multiphase Flow 2:153.



M.Eng. (Chemical)

Degree Program

The professional master's degree program in
chemical engineering is intended primarily to
prepare graduates for industrial practice; its
orientation is therefore toward applied subject
matter in the areas of process equipment,
process desgm, process confrol, numerical |
methods, and economics. This.is somewhat in.
contrast to the rmorg Tmatﬁemancal 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 fo the Ph.D. degree.

The present M.Eng. (Chemical) curriculum
comprises four required courses, a design project
rqwmg three or six credits, and four or five
echnical elective courses to make a total of thirty
credits. The required courses are Process
Equipment Design, Design of Chemical Reactors,
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 an

the University. Frequently“selected chemical

en meerln%e ectives are Phase Egumbrla,,
Petroleum Re mmg, Development Economics,
Polymeric Materials, Polymeric Materials
Laboratory, Fermentation Englnee_rmg, Industrial
Microorganisms, Wastewater Engineering,
Advanced Thermodynamics, Synthetic Fuels, and
Air Pollution Control.

Professor Michael Shuler and M.Eng. student
Jan Slaby discuss the microbial conversion of
poultry manure to chicken feed.
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Design ,%onects are related to the specialties of ~ Keith E Gubbins, B.S,, Ph.D. (London): molecular

the faculty. In recent years these projects have thermodynamics of liquid mixtures, phase
de?lt v¥]|th petqoleun& refining, or an|c|cht,em|cals, ﬁglljlilggrla, computer simulation studies of
etrochemicals, and monomers Tor plastics. , ,
Examp,le,s of recent project titles and the Peter Harriott, Chem.E, (Comnell), Ph.D. (M.LT):
supervising professors are: kinetics and catalysis, coa gasification, air
Coal Dtesu urization by Solvent Extraction (J. C. nggﬁlgg (ﬁ%nérol, diffusion in“membranes and
mi )
Magnetic Desulfurization of Coal (J. C. Smith Robert P Merril, Chem.E. (Comel), Sc.D. (M.LT.):
Hydrofluoric Acid Slurry Process (J. C. Smith chemistry and physics of reactive solid
Conversion of Poultry Manure nto High Protein surfaces; catalysis, corrosion, electron
Feedstuff (M. L Shuler) _ ﬁﬁctroscr&y of surfaces, atomic and
Reﬂen ration of Spent Carbon Adsorbents in a olecular beam Scattenn(h;/l
luidized Bed (8 Harriott . Ferdinand Rodriguez, B.S., M.S. (Case), Ph.D.
Design of Reactors for Impfoved Heat Transfer in (Comell): polymerization, properties of polymer
Suspension and Emulsion Polymerization (P ems .
Harriott) George F. Scheele, B.S. (Princeton), Ph.D.
1glll_mms): hydrodynamic stability, coalescence,
_ Hld echanics of liquid drops andﬁ]ts
Michael L Shuler, B.S. (Notre Dame), Ph.D.
(Minnesota): biochemical engineering,
unconventional foods, plant cells, novel
Faculty Members and Their blrglvt\)l ical reactors, mathematical models of cel
Research Interests Jurclla,n_(). Smith, Chem.E. (Cornell): heat transfer,
mixing, solids handlmg .
George G. Cocks, B.S. (lowa State), Ph.D. Willlam B, Streett, B.S. (U.S. Militar ,Academy?],
(Cornell): light and electron microscapy, Ph.D. (Michigan): properties of fluids at hi
gé(l)gesrttgetg gl;] Enrg,tgtnals,Ocirystalloglraph)a ﬁrta? lSJres, computer simulation, studies o
id-state chemistry, polymer gels an
crystallization in gels P .y g, , , Ra (inond G, Thorpe, B.Ch.E. (Rensselaeg,
Clayde Cohen, B.S. (American University, Cairo), .Ch.E. (Cornell): phase equilibria, fluid flow
Ph.D. (Pnncetonz; thermodynamic and Robert L. Von Berg, B.S., M.S. (West Virginia), Further Information
transport properties of polymer solutions, ScD.. SM.I.T.): l uld-ll(imd extraction, ‘effects of . . .
physical properties of bulk polymers, light radiation on‘chemical reaction, saline-water Prospective candidates for gbrad,uate degrees in
scattenrp conversion chemical engineering may obtain further
Robert K. Finn, Chem.E. (Cornell), Ph.D. Herbert F Wiegandt, B.S., Ph.D. (Purdue): information By writing to the Graduate Faculty
(Minnesota): waste treatment, agitation and petroleum processing, saline-water conversion  Representative, Chemical Engineering, Cornéll
aeration, microbial kinetics (on leave each fall term) University, Olin'Hall, Ithaca, New York 14853.
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Civil and
Environmental
Engineering

Civil and environmental engineering deals

rimarily with the large fixed works, s¥stems, and
facilitie$ that are basic to community living,
md&%try, and commerce and vital to human
well-being. The Ianmng, design, construction,
ang 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, ?s mag]or contributors to
the solution of problems of urbanization, city
planning, and environmental quality control, wil
continué to be in demand to meet the basic needs
of society with efficiency, economy, and safety.

The wide ran?e of subjects of concern to civil and
environmental engineers are generally grouped
into a number of Subfields and specializations. At
Cornell there are two departments in civil and
environmental engineering: structural engineering
and environmental enginéering.

More than one hundred students are now enrolled
in graduate programs at Cornell in civil and
environmental engineering, These programs lead
to the degrees of Doctor of Philosophy. Master of
Science, and Master of Engineerin CIVIQ. Major
subject areas for Ph.D. and M.S, candidales are
aerial photographic studies, environmental
s¥]stems engineering, geodetic and
g otogramm%tng en meerln%, ge(ftechmcal
nginéering, ?/ raufics and ydrology, samtar)(,
engineering, sfructural engineering, transportation
eaneenng, and water resource systems (Ph.D.
only). Minar subjects may be in thése areas, in
strictural mechanics, in other branches of
engineering, or in mathematics, ph){SICS,
chemistry, or computer science. Inthe M.Eng.
(Civil) dégree program, emphasis is on design
and design-oriented courses.

Facilities

A considerable volume of research, sponsored by
government agencies and industry, is carried out
in three structtral laboratories. The structural
tesénl)g facility in Tgurston Hall is qne gf the largest
and pest equucg)e In any umver&%y. The main'test
bay is a three-dimensional space frame permitting
heavY loads to be applied in any direction to large
structural assemblages. Major équipment items
include Iarge-capacny testing machines, portable
static and dynamic loading devices, an

automatic data-acquisitioni st?ms, 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 university facilities for research
and instructional modeling.

The environmental engineering facilities include
controlled-temperature rooms, laboratories for
course work and research in specialized areas,
such as blologlcal oxidation kinetics and aquatic
chemistry, and rooms specially equipped for
Beqch.ar]d pilot-level unE rocess studies in
lological treatment, carbon adsorption, fon
exchange, electrodialysis, and reverse osmosis.

In the photo?rammetrlc area, facilities include
some of the Tatest geodetic and photogrammetric
instruments and e(ﬂuhpment. O%)ortum les are
provided for research on instrumentation for
ground, aerial, and sPace Surveys, %eodetl,c
ontrol, analytic aerotriangulation, geometric
aspects of varipus remoté sensors, and J)roblems
inherent in land surveying. Airphotos an
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
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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 geotechnical engineering laboratories contain
a variety of both standard and specialized
soil-testing equleent and a developing
rock-testing faci |t¥. There are special facilities for
large-scalé-model testing of foundations and for
thettestmg of stabilized Soils and asphaltic
mixtures.

The hydraulics laboratory is equipped for
demonstrations in wave mechanics and rotating
flows and for a variety of conventional
experiments. A large‘wind tunnel 1s available for
the modeling of tmosq}heélc 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.

_new interactive computer graphics facilty,

irected tby D. P Greenber gang qocate,d |r¥ Rand
Hall, is oné of the finest in American universities.
In engineering, this interdisciplinary system Is
used Tor research on structures, fliid mechanics,
and environmental systems engineering.

The main bay of the structural testing facility is
four thousand square feet in area and forty-five
feet high. Heavy steel columns, embedded in
reinforced concrete walls, and floor anchors
embedded In bed rock are capable of
sus,tamm(ﬂ heavy loads upward, downward, and
horizontally.



Areas of Research

Aerial Photographic Studies and Remote
Sensing

Because of the interests and experience of faculty
members and the facilities available, graduate
rograms have developed in the following areas:
Fl) The investigation and refinement of methods
or interpretingairphotos and imageries;
(2) specific applications in engineering, geology,
agriculture, and planmnq; (3?, specific ~
applications in various climatic regions, including
arctic, temperate, and tropical areas; and (4) the
incorporation of alrﬁhoto or other remotely sensed
data into systems that inventory the resources of
large I‘?eo,?raphlcal areas. In addition excellent
opporiunifies for graduate study in cooperation
with other units of the University exist and are
encouraged.

The followin fa,cuItK publications and graduate
theses (listed with the su;rJ]e,rwsmg proféssor) are
representative of research in this area:

Liang, T., contributor. 1975, Manual of remote
sensing, ed. R. Reeves. Falls Church, Virginia:
American Society of Photogrammetry.

Liang, T, and Philipson, W. R™1977. The use of
airphoto interpretation and remote sensing in
soil resource inventories. In Soil resource
inventories E)Proceedmgs of workshop
sponsored by U.S. Agency for International

eyelopmenﬁ. Ithaca, New York: Comnell
Unlversmé o ,

Markham, B. L. 1978, Monitoring aquatic ,
YTe ?é?f'?” with aerial photography. M.S. thesis

Teng, W. E 1977. Remote sensing in monitorin
leachate from landfills in central New York State.
M.S. thesis (T. Liang).

Environmental Systems Engineering

This area of study is concerned pnmanlhl with
public pollcy ,olanmng and analysis such as in
environmenta qualgy management, public health,
urban planning, andtechnology assessment. The
approach emphasized is the USe of mathematical
modeling techniques to define and evaluate
alternative solutions to public-sector problems.
Faculty mﬁmbers from other d%pﬂrtments and .
interdisciplinary centers at Comell participate in
the graduate program in environmental systems
engineering.

Current research projects cover a range of topics,
including agricultural’ pest management,
epidemiology, control of infectious diseases,
methodologjes for assessing environmental
impacts and effects, urban noise, water quality
management, and solid-waste control.

Representative recent publications and theses on

these subjects are: _

Bialas, W.'F 1975. Economic models for ,
nonstructural flood plain planning. Ph.D. thesis

. P Loucks).

Brainard, J. R 1976, Economic and nutritional
impact of prescribed diet alterations in
Colombia._Ph.D. thesis (W. R. Lynn).

Ittlg, PT 1974, PlannlngDambu]ator ealth care

eliver segstems. PhD. thesis (G. P Fisher).

Loucks, D. R 1976. Surface water quality
management. Surface water gua,ntlté/

management. Chapters 5 and 6 In Systems

%pproach to water management, ed.’A. K.
Iswas. New York: McGraw-Hill.

Stereoscopic airphoto study is used in land-use
inventory projects.
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Aerial photographs such as this infrared image
(examined by Professor Arthur McNair and a
%]raduate, student2 zilre used to measure and

ap environmental factors.

Lynn, W. R. 1973. Evaluation of environmental
health programmes, World Health Organization
technical report series, no. 528. Genéva: World
Health Organization. ,

Orloff, N. 1977. The future of the Council on
Environmental Quality. Paper published by U.S.
Senate Interior Committee.

Rovinsky, R. 1977. Models to evaluate the
economic and environmental effects of

Insecticide use. Ph.D. thesis E,C. A. Shoemaker).

Schuler, R. E. 1974. The interaction between local
govemment and urban residentjal location.
merican Economic Review 64(4).682.
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Shoemaker, C. A. 1977. Crop ecosystem models
for pest management. In Ecosystem modelling
in theory and prac,‘me ed. C, A Hall and J.
Day. New York: Wiley-Interscience.

Stedinger, J. 1975, Design of controls for a
solar-heated building. "Report LA-5925-MS, Los
Alamos Scientific Laboratory, Los Alamos,

New Mexico.

Geodetic and Photogrammetric Engineering

Cornell offers an integrated program of research

and instruction in geodetic and photogrammetric

englneerln(ﬁ;_ coupled with remote sensing,

ghoto raphic wter retation, aﬂd cadastral
ngingering. The ;Pur_p_ose of this program is to

provide graduate tralmn? for civil engineers, land

planners; conservationists, geologists, foresters,

eo%ra hers, and ?thers who require surve sewd
ventory of cultural and earth resources and who
must be able to present information from such
inventories in the form of maps, diagrams, and
displays of one, two, three, and four dimensions.
Work in this field is supported by Un|ve,r3|t¥
resources In related areas such’as agricultural
engineering, electrical engmeenn%, geol_ogY, land
planning, natural resources, and thedretical and
applied"mechanics.

Examples of recent publications and theses in this

area are:

Coskun, B. 1976. Analytical aeial triangulation
with corrections for Systematic errors. Ph.D.
thesis (A. J. McNarr), _

Hassan, M. M. 1977. Strength of figure tables for
design of horizontal control networks. Ph.D.
thesis (A. J. McNaw)_.I ,

Heinzen, M. R. 1977, y_drog/lragmc surveys:
%AeCoNdaeipc control criteria. M. S. thesis (A. J.

McNarr, A. J. 1977, Survey engineering vs. other
4-year en%meenng programs: Australia and
United States. Graduation address at
Queensland Institute of Technology, Brisbane.

Geotechnical Engineering

Graduate instruction in geotechnical engineering
emphasizes the development of an understanding
of soil and rock as engineering materials —of how
they behave as constfuction materials, as
supporting media for structures, as host media for
structures (such as tunnels), and as structures in
themselves (as in earth or rockfil da,msg., In
addition, a program In highway engineéring and
materials is offéred in coordination with the
graduate Field of Agricultural Engmeenn%,., ,
tudents frequently broaden their capabilities in



geotechnical engineering by taking courses in
airphoto interpretation, geological sciences,
mechanics, and structures.

Research activities can be grouped into: soil and
rock behavior; soil dynamics; the interaction =
between soil and rock structures; analytical, finite
element, ar]d groba}?lljsnc modeling; anﬁl marine
and coastal geotechnique and geomechanics.

A sampling of recent papers and theses indicates

some of the current research in this area:

Cording, E. J., and O'Rourke, T. D. 1977.
Excavation, gDro,un,d movements, and their
Influence gn wldmgs. Paper read at Annual
Meeting of American Society of Civil Engineers,
17-21"0ctober 1977, in San Francisco,
California. N

Egan, J. A, and Sangrey, D. A. 1978. Critical state
model for cyclic load pore pressure, In
Proceedings of ASCE specialty conference on
earthguake engineering and soil dynamics, pp.
élo_- 24. New York: American Society of Civil
ngineers.

Ingraffea, A R. 1978, On discrete fracture
ﬁropaganon in rock Joaded in compression. In

umerical methods in fracture mechanics
(Proceedings of 1st international conference),
[)P._235_-2 . Swansea, United Kingdom:
niversity College, Swansea.

Kulhawy, FH. 1978. Geomechanical model for
rock foundation settlement. ASCE Journal of the

eotechnical Engineering Division 104

o G12):211

ourke, T. D.; Cording, E. J.;.and Boscardin, M.
1977. Damage to brick-bearing wall structures
caused by adjacent braced cuts and tunnels.
Paper read at Conference on Lar%e Ground .
Movements and Structures, 3-6 July 1977, in
Cardiff, Wales.

Soil testing is involved in graduate research
projects in"geotechnical engineering.

Pollard, W. S. 1978. Rate and time effects in cyclic
triaxial testln%. Ph.D. thesis (D. A. Sangrey).

Sangrey, D. A."1977. Marine geotechnique —state
ofthé art._Marine Gﬁ_?t?chno o? 245,

Stewart, J. P. 1978, Uplift load-deformation _
hehavior of drilled shaft foundations. M.S. thesis

(F H. Kulhawy).

Flydraulics and Flydrology

At Comell the graduate program jn hydraulics and
hydrology Is céntered on the study of air and
water In'the environment, Instruction progresses
from basic fluid mechanics to courses oriented
toward sPecm_c applications. Consideration of the
effects of engineering works on the environment is
included, as are studies that lead to a better
understanding of the natural processes involved.
Proper application of the pnnuPIes of fluid
mechanics, hydraulics, and both ground- and
surface-water hydroIoPy Is essential for the
solution of mané roblems in environmental
engineering and water resources planning,
especially those affected by the hydrologic cycle.
Such problems include the dispersion of residual
materials and heat energ¥] in ground and surface
waters n% in thﬁ atmos? ere, tge flow of water
over and through natural soil and rock, drought
and flood prediction and control, circulation and
siratification in lakes and coastal areas, the
dispersion of pollutants in water bodies, and the
beneficial use of water resources.

Recent research projects undertaken by faculty
members and graduate students have included
studies of lake Tirculation, unsteady flows in
channels, nearshore currents, d)(namlc coastline
processes, evaporation from water and land
surfaces, groundwater flow, and the fluid
mechanics of porous materials.

A sampling of recent faculty publications and

theses is qiven below:

Brutsaert, W, and Mawdsley, J. A. 1976. The
applicability of planetary boundary layer theory
to calculate regional evapotranspiration. Water
_Resources Research 12(5):852.

Jirka, G. et al. 1977. Transient heat releases from
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offshore nuclear ,e,ower ?Iants. ASCE Journal of
the Hydraulics Division 103(HY2): 151,

Lennon, G. P 1977. Effects of beach to ograt),h

_on nearshore currents. M.S. thesis (P L-E Liu).

L|9g,ett, J. A, with Young, D. L, 1977, Transient
inite element shallow Take circulation. ASCE
Journal of the Hydraulics Division

_103(HY?2):109, , ,

Liu, C. C.-K. 1976. Numerical evaluation of
response functions of a nonlinear rainfall-runoff
model: flood hydrograph anali)]/3|s in the
Chemung River basin. Ph.D. thesis (W. H.

_Brutsaer). , ,

Liu, P L.-E 1976. A perturbation solution of a
nonlinear diffusion equation. Water Resources
Research 12(6): 1235. ,

Young, D. L 1976. Dynamics of transient
wird-driven_circulation in a stabl;éstratlfled,
hasin by finite element analysis. Ph.D. thesis (J.
A. Liggétt).

Sanitary Engineering

Graduate study in the major subject of sanitary
engineering is‘concemed 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 J)ertment ,
biological, chemical, physical, and engineering
knowledge and on the use of this knowledge,
along with analytical, computational, and
Iaboratorr skills, in the planning, analysis, and
design of processes, facilities, systems, and
gohmes that are essential to the achievement of
nvironmental quality objectives.

More than fifteen advanced courses are offered
by faculty members of the Department of
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Recent gradyate research in sanitary
engineering included a study of the possible

usé of sulfur that has heen removed, from stack

?ases forthe biological control of nitrogen
evels in wastewater effluents.

Environmental En meenng 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
electlvet_s are selected tf'r10mba|W|d_e rlangde o;l cal
supporting coyrses in the biological and physjca
scﬁa%ces,gappﬂec? mathematlcs;q p%nmng?a%o(

engineering; included are such subjects as
environmental quality, hydraulics and hydrology,
environmental systems engineering, and water
resources planning and management.

Graduate students and faculty members carry out
research in the phenomena and the technology
fundamental to water quality control and to waste
processing, disposal, and management.

The following papers and theses are

representative of recent research in the area:

Bisogni, J. J., Jr., and Driscoll, C. T, Jr. 1977.
Dénitrification using thio sulfate and sulfide.
ASCE Journal of the Environmental Engineering
Division 103593, 5 ,

Bliss, E H. 1977. Denitrification ability of activated
sludge under cyclic anagrobic and aerobic
environments. M.S. thesis (J. J. Bisogni, Jr.).

Dentel, S. K. 1978. Anaerobic digestibility of
t%her_mcgll -coagulattted organiC materials. M.S.
thesis . Gossett),

Dick, R. &975. &eseargh and the quest for clean
water. (‘Report of the Water Pollution Control
Federation Research Committee.) Journal of the
Water Pollution Control Federation 47(2):240.
Also In Cé)&g]ressmnal Record, 17 January

1975, p.

Gates, CIO D., and Auer, R L. 1978. An assessment
of potential environmental effects of
Implementing new enerqy technologies. Comell
Center for Environmental” Research report to
New York State Energy Research and
Development Authori % L

Gossett, J. M. et al. 1978. Anaerobic digestion of
sludge from chemical treatment. Journal of the
Water Pollution Control Federation 50:533.

Preliminary design of a wastewater treatment
Blant and land disposal skﬂstem in Syffolk .

ounty, New York." 1977. M.Eng. design project

(C. D.'Gates).



Structural Engineering

Structural engineering is one of the major branches
of Cornell's program in civil and environmental
engineering. Résearch progects Involving graduate
students are grouped into the following areas:

Light-gauge steel structures, A Iong-term
fogram of research at Comell, sponsored largely
y the American Jron and Steel Institute, has

provided the basis for United States design

specifications for this broad class of structures.

urrent research topics include diaphragm
effects of steel panels, stability of compression
and flexural members,, de%lgn criteria for compact
sections, and connection behavior.

Reinforced concrete structures. .CorneII has
long been regarded as ong of the important
centers for résearch on reinforced concrete
stryctures; building code provisions relating to
g,eflectlons, crackmg ahnd bond have followed
directly from research here, Current programs
include sponsored research on seismic shear
transfer across cracks in nuclear containment
vessels and other thick-walled structures.

Modeling behavior of reinforced concrete.
Plon?enng work during the r%a?t fitteen ear?, has
developed 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
microcracking 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 and to
properties of high-strength concrete.

Above: Professor Richard White and graduate
students are studying the strength of nuclear
reactor containment vessels subjected to
earthquake loads.

Right above: ComPutergrameS iS an ,
important tool in structural engineering design.
For example, results of manipulations with the
light pen are displayed almost instantly.

Right: Modelmq is one of the methods used in
the design and Testing of large structures, This
graduaté studentis working ‘with a hyperbolic
paraboloid roof model.



Finite element analysis. Recent, major
sponsored research ,pro#ects have dealt with the
finite element analysis of shells, m_cl.udmg
dyn?m.lc_reslponse _a?d St?blht)tl. I;mlte el ﬂﬁm
analysis is also an integral part of many 0

othe¥ areas of researcf?(?lsgussed herz and ﬁas
been applied to the pollution analysis of lakes.

Computer graphics. Current sponsored research
in computer graphics includes projects in finite
element ?r|d optimization, shell geometry
representation,, progiresswe collapse, arid
interactive design or domes, frames, cable
structures, and membrane roofs, The Imkmt%J é’f the
powerful tools of computer graphics and modern
structural analysis promises to become one of the
most fruitful approaches to research in structures.

Structural dynamics. Several faculty members

re mtereFteg in.th anaIKS|s. of sTIructures for
ynamic loads, in the behavior of structures under

répeated reversed loading, and in earthquake-
resistant design.

Some of the research efforts in these various
areas of structural engineering are indicated by
the,followmi; faculty publications and theses:
Alvi, A Q. 1977. Steel fiber reinforced concrete in
axial compression. Ph.D. thesis (W. McGuire).
Carino, N. 1974, The behavior of a model of plain
concrete subject to compression-tension and
tension-tension biaxial stresses. Ph.D. thesis (A.

. Nilson).

Desmond )r P 1977. The behavior and strength of
thin-walled compression elements with
longitudina| stiffeners. Ph.D, thesis (T. Pekoz)i.

Gross, J. L; Mutryn, T. A and McGuire, W. 1977.

ComPuter %rap ics in nonlinear design

problems, Paper read at ,Sﬁ)emalﬁ Conference

of Canadian Society of Civil Engineers, October

1977, in Montreal.
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Kalyanaraman, V; Pekoz, T.; and Winter, G, 1977.
nstiffened compression elements, ASCE

Journal of the Structural Division 103(ST9): 1833.

Kanodia, VV 1975. Finite element elastic instability
analysis of deep shells of double curvature.
Ph.D. thesis (R. H. Gallagher).

Laible, J. R; White, R N.; and Gergely, P 1977.
Experimental investigation of seismic shear
transfer across cracks in concrete nuclear
containment vessels. ACI report no. SP-53.
Detroit: American Concrete Institute. _

Nilson, A. H., and Walters, D. B, 1975. Deflection
of two-wazf floor systems bY the equivalent
frame method. ACI Journal 75:5.

Petrina, P 1978, Safety analysis of nuclear
concrete containment strictures. Ph.D. thesis
(R. N. White, R. G. Sexsmith). _

Slate, F 0. 1974. Low-cost housing for developing
nations —a new_course at Comell University.

TECHNOS 3(1):79.

Smlﬁn, J. K 19(78? T% eff?cts of cracks on the
seismic analysis of nuclear containment
vessels. Ph.D. thesis (R Gergely).
u, S, C.; Abel, J. F; and Greenbgrg, D. P 1975.
An interactive comFuter raphics; agproach to
surface representation. Communications of the
ACM 20(10): 703.

Structural Mechanics

The subject area of structural mechanics can be
studied as a minor in the M.S. or Ph.D. degree
gro%rams. Courses emphasize the analytical
spects of structyral engineering, such as
advanced analysis techniques, dynamics of
structures, andshell 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 enginéering and a full
minor in'theoretical and applied mechanics.

Transportation Engineering and Planning

The major focus of study and research in this area
is the application of analytical techniques to
fransportation problems,”particularly those of
urban transportation. The approach is typically
multimodal.” Specific interests of faculty'mempers
include demand modeling for passenger and
frelght movements, the development 0
mass-transit systems, airport planning and
operation, traffic flow theory, transportation
systems analysis, highway design, = .
transportation-communication interrelationships,
transportation economics, and freight
transportation.

Examples of recent papers and theses in this area
5

are; . o ,

Brazie, C. L. 1972. Simulation models of satellite
airport systems. Ph.D. thesis (G. P Fisher).

Cesario, F'1975. A combined tn?, generation and
&%ntznljgon model. Transportation Science

Coulter, J. W. 1978, The effect of an exogenous
value-of-time variable on a logit mode-choice
model for the work trip. Ph.D.thesis (A. H.

eyburg).

FIShEFY G. P 1975. Goods transportation in urban
areas. In Proceedings of the En m_eenngR
Foundation conference, ed. G, P Fisher. Report
no, DOT-0S-60099, Federal Highway
Administration, U.S. Department of
Transportation.

Meyburg, A. H., with Stopher, P. R. 1975. Urban



transportation modeling and planning.
bexm ton, Massachusetts: Lexington Books,

C. Heath.
Orloff, C. 1973. Routing and schedulin
vehicles: the school"bus problem. P

R Lynn).
Schuler, R.y E., with Coulter, J, W. 1978. The
socio-economic factors on the
value of time In commu
Transportation

Professor Leonard Dworsky (standin
heads an interdisciplinary project on
Lakes management.

candidates who wish to obtain some quantitative
skills in the development of mathematical
management and planning models and their
application to the solution of water resource
problems can arrange a major In water resources
systems; minors can be taken in economic theory,
operations research, environmental qualiy,
or other appropriate subjects. Both
.S. degree candidates who wish to become
uainted with some of the management and

f water resources development
the relevant legislation can
select a minor in the area of water resources,

Water Resource Systems

For graduate students interested in water
resources planning. and management, there are
numerous InterdisCiplinary de

ngineering. Ph.D. degree

nd with some 0

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 Resources and Marine Sciences Center
offers considerable assistance In both course
work and research.

The variety of research projects in this area, is
sug ﬁstea/ by tﬁe f%lfow?ngl?aculty publications
and theses: _

Dworsky, L. B., with Berger, B. B. 1977. Water
ollution control. EQS, Transactions of the
merican Geophysical Union 58(1): 16..

EI-Sahragty, M. 1974. Methods for analsyzmg storm

water toraF?e and treatment systems. Ph.D.
thesis (D. R Loucks). o
Haith, D. A. 1976. Land use and wat%r quality in
New York rivers. ASCE Journal of the
Egélérogmental Engineering Division 102

Horrigan, J. K. 1975. Urbanization and urban

runoff —strategies for management. M.S. thesis
.B. Dworsky?. .

Louck(f, D. P, and Koemg, A. 1977. Management
model for wastewater disposal on land. ASCE
Journal of the Environmental Engineering
Division 103(7EE4‘8:181. _

Turgeon, A. 1975. Optimal operation of
h%dro-steam power systems. Ph.D. thesis (C. A.
Shoemaker).

Water Resources

Students who plan to major in an area of civil and
environmental engineering may be interested in a
minor in water resources. Suchi a program
enables advanced-degree candiaates to gain
broad knowledﬂ$ in water resource planmn?,and
managerBent. esis research is carried out'in the
major subject area.
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M.Eng. (Civil)
Degree Program

The Master of Engineering (Civil) degree program,
a professional program that has developed into.
one of the major oPeratlons of the School of Civil
and Environmenta Engmeerqu, encompasses the
Rr%ad ?reas of structural, geofechnical, sanitary,

ydraulic, and environmental systems
engineering, transportation planning, and remote
sensing.

An outstandm? feature of the program is the
involvement of practicing engineers as
consultants in project work, which is carried out
artly during an intensive three-week work period
etween academic semesters, Often the project
assignments are provided by firms that either are
dom% or have recently done’designs for the same
projects, so that they are tlmel¥ and pertinent to
current professional practice. The work is carried
out by Proups of two to thirty students and
norg\al involves many as eFtﬁ ofa de?|gn
problem. Faculty members of the schoo
Supervise each rolject, from its é)rellmm_ary ,
design In the fall term prior to the intensive design
period to the subsequent writing and presentation
of a comprehensive report.

The M.Eng. (Civil) program is designed, for
students who hold a B.S. degree i civil and
environmental engineering. Graduates with other
majors may find it necessary to extend their

M.Eng. (Civil) projects are frequently carried
out by teams of students with the help of
consgltants from mdﬁstry. The de5|?ns usuallly
pertain to actual works under construction o
recently completed.
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programs beyond the normal one year in order to
meet the degree requirements, which include
completion 0f a set of courses similar to those of
Erograms in civil e,ntglneenng accredited by the

ncqﬁneers' Council for Professional Develoéjment
&E Dg. Each M.Eng. %CIVH) degree candidate

hoosés an area of concentration and a related.
minor subject. Required course work includes, in
addition to the six-credit design project,
professional engineering practice that
encompasses aspects of economics,
management, and law.

Recent group projects that included the intensive
intersesSion work periods, listed with information
about the_participants, are: . _
OI%mAplc Facilities (twenty-eight students; Elio
‘Appolonia, D’Appolonia Consulting
Engineers, Inc., and Anton Tedesko
cohnsultants; Professors Gergely, Kuhawy, and

Ite

Wastewater Treatment Plant for Ithaca (ten
students; A. Gordon Wheler of Stearns and
Wheler, consultant; Professor Gates) ,

Design of Bridge across Piscataqua River (thirty
students; R|cha[d ChnstlF of Flardesfy ar(]d
Hanover, consultant; Professors Abel"an
Sexsmith) ,

Development ?f an Economical Wast?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 Paul L. Busch of Malcolm Pimie,
Inc., consultants; Professor Behn)

Reservoir Systems Planning for Irrigation in
Northern Africa (three students; Professors
Loucks, Shoemaker, and Willis)

Design of a Radioactive Waste Treatment System
for'the Offshore Atlantic Generating Station (two

students; Robert Cherdack, of Burns and Roe,
Inc., consultant: Prof%ssor Gates) .

Municipal Wastewater Treatment by Automation
and C_omPuter Control (fen studénts; Elmer
Ballottj, or Greeley and Hansen Engineers,

_consultant; Professor Behn) _
Liquified Natural Gas Terminal at Cove Point,
hesapeake Bay, Maryland (fitteen ?tudents;
M. Esrig of Woodward Clyde, consultant;
Professor Kay) ,

Offshore Floating Nuclear Power Station:
Structural and” Foundation Site Aspects
twenty-three students; Eugene Harlow of F R

arris, and Harcharan Singh of Dames and
}l\(ﬂocire, consultants; Professors Sexsmith and
a

Boe|r¥é] 747 Hangar and Maintenance Facility for
LaGuardia Airport, New York &twenty-sm
students; Lev Zetlin of Lev Zetlin Associates,
consultant; Professors DiPasquale, Sangrey,
and Thomas) ,

Upgrading the Binghamton-Johnson City, New
ork, Joint Sewage Treatment Plant (nine
students; Paul L"Busch of Malcolm Pimie, Inc.,
consultant; Professor Gates)

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. L|ang1 , _
DeteCtion of Buried River Channels in Glaciated
Relgl?ns T, L|ang) ,
The Relocation and' Design of the Amtrac
(F;asse,n er Station in Syracuse, New York (F J.
esario
Toward the Development of a Mass Transit System
for Tompkins County, New York (A. H. Meyburg)
Water Quality Surveillance by Remote Sensing

(T. Liang)

Faculty Members and Their
Research and Teaching Interests

John F Abel, PE; B.S. (Corngll), M.S. (Stanford),
Ph.D. (California, Ber elety); numerical methods

in structural mechanics, finite element analysis,
computer %rarﬁ)hlcs ,

James'J. Bisogni, Jr., B.S. (Lehigh), M.S . Ph.D.
(Comell): sanitary engineering, applied aquatic

chemistr

Wilfried H. yBrutsaert En ._?State University,
Ghent), M.S., Ph.D. (California, Davis):
‘hydradlics, hydrology, groundwater flow

Richard . Dick; B.S, (lowa State), M.S. (State
University of lowa), Ph.D. (lllinois): sanitary
engmeenn[g, sludge treatment and dlsgosal

Leonard, B. Dworsky, B.S. (Mlchlqan),_ M.S.
(American): water resources planning
management and polic

Gordon P Fisher, PE: B.E., D.Eng. (Johns .
Hopkins): transportation systems analysis,
traffic flow theory, public systems, engineering
ec?nomlcs, urban EO ds movement

Charles D. Gates, B.A. (Williams), M.S. (Harvard):
sanitary engineering, water quality, nonpoint
waste Sources _

Peter Gergely, PE.; B.Eng. (McGill), M.S., Ph.D.
(llinois): structural mechanics, shells, dynamics,
earth(ﬂhjake engineering, reinforced coricrete

James M. Gossétt, B.S., M.S., Ph.D. (Stanford):

sanitary engineering, biological treatment

grocesses

Donald P Greenberg, B.C.E., Ph.D. (Comell):
structural engineering, computer graphics,
cable structures

Douglas A. Haith, B.S.,, M.S. (M.L.T.), Ph.D.
(Comell): water resource systems,
nonpoint-source pollution
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AnthonY R Ingraffea, B.S, (Notre Dame% MS.
echnrc Institute of New York), PA.D.
Colorado): structural mechanics, fracture
mechanrcs numerical modeling and testing of
rock and concrete fracture
Gerhard H. Jirka DrpI Ing (Hochschfrlrle fur

Bodenkulter%l\/l D, (M.LT.): fluid
mechanics ydraulrcs thermal poIIutron
Fred H. Kulhawy, PE; B.S.C

CE
(Newark), PhD (Calrfornra Berkeley)
soilstructure interaction, rock engineering, finite
element modeling, marine and coastal
q_eotechnr ue geomechanrcs
|an? (Tsing Hua), M.CE., Ph.D. (Comell):
aeria photography physical environment,

remote sensin ?

amesA ng eff, B.S. (Texas Technological),
Stanford hydraulics, fluid

mechanrcs and

Ph| t\f Lru B.S. >(Natrogztl Taiwan), SM., Sc.D.
fluid mechanics, coastalen%neenng
Ra mond C. Loefr, B.S., M.S. (Case)
isconsin): agricultural wastes
DanreIP Loucks, B.S. (Pennsylvania State), M.S.
ale), Ph.D. (Comell): water resource and
envrronmenta mana%ement systems
Walter R, ’\)//Inn E. (University of
Mramr C.E. (North Carolina), Ph.D.
(North western) envrronmental systems
analysis, nPUb“C health, water quality
managBe ent mod
George B, Lyon, PE BS IIIrnors) M.S. (State

Unrversrt%of Iowae survr(e:y

William McGuire E."(Bucknell), M.C.E.
(tCorneII) performance and design of metal
structur

ArthurJ McNarr PE.; B.S, M.S.C.E. (Colorado):
geod es’r/lp hotogrammetry

Arnrm H , BA, Equrv (Free University of
Berlin), M.S. P .D. (Northwestern): urban
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transportation, trans é)ortatron systems analysis,
mass transit op eratr ns, transportatjon an
communrcatrons freight transportation
Arthur H. Nilson, PE.: B'S. (Stan ord? M.S.
(Corne) Ph.D. (California, Berkeley): behavior
and design of reinforced concrete grestressed
concrete, light-gauge steel structur
Nell Orloff, B A, (Harvard), J.D.
(C olumbra) environmental law, social
implications of technolog
Thomas D. O'Rourke, B.S. (Cornell) M.S., Ph.D.
(IIIrnors sorl structure interaction, analytical
methods, underground structures, geotechnical

Instrumentation
Teoman Pekoz BS Robert CoIIe?e) M.S.
(Harvard), Ph.D. (Comell): stability;

cold-formed, thin-walled steel structures;
experrmenta metho

Dwggsﬁ\ac Uset PEDB(SCorneI ette

sor be

soil dynamics, marrne and coastal
geotechnique, soll-structure interaction,
probabilistic modeling
Richard E. Schuler, BE”(Yale), M.B.A. gLehrghg
M.A., Ph.D. (Brown] urban, spatial, and energy
economics; public finance problems;
fransportation economics

Chnistine A. Shoemaker, B.A, (California, Davis),
Ph.D. (Southern California): pest management,
water resource systems, mathematical ecology

Floyd Q. Slate, B.S., M.S., Ph.D. (Purdue):
physical and chemical properties of
enr}r{rneerrng materials

tedinger, A.B. (California, Berkeley),
M., Ph.D. {Harvard)' stochastic hydrology,

water resource systems, ecosystem
managh

Richard Whrte RE. B.S., M.S., Ph.D.
(Wisconsin): model'analysis, nuclear reactor
structures, concrete structures

avror

Further Information

Further information may be obtained gwrrttng to
the Graduate Faculty Representative, Civil an
Environmental Engrneerrn Comnell University,
Hollister Hall, Ithaca, New York 14853,



Computer
Sclence

Research in computer science at Comell is
canerned with the fundamental conceﬁ]ts and
charactenistic phenomena that arise in the .
creation and use of computing systems. This
includes stud()! of the limitations of computers,_the
principles un erlylr&g the mechanical processing
of information, the design of efficient and reliable
alogonthms, and the orglan zation ?f information for
computer processing. 1t also Involves the
development of methods for writing qood
programs and engineering large-scale systems.

Various aspects of computer_science are closely
related to many other fields. The fundamental
theary of informatign _Processm and the
exploration of the, limits of the abilities of
computing machines are topics in pure and
ﬁgg)hed mat erﬂangs. !\fumencal anale)ifls, which

to do with the development as well as the
accuracy and efficiency of practical numerical
grocedures, is in the area of applied mathematics.

tudents, of c%m uter science. and of electrical

engineering share an interest in the ,
characteristics of physical machines and in
computer design. Language structure and
translation are of concern in both computer
science and linguistics. The implications of
current data-processmg technology for the
organization and control of industfial and . ,
business operations are also r|<T)]ert|nent to industrial
engineering and business administration..
Investigations jn the are? of artificial intelligence
are of interest in psychology and biology.

In the past these subjects have usually been
pursued as parts of various fields; today their
common basis Is being increasingly recognized,
%nd computer, or |nformat|on,_31:,|ence has

ecome an independent discipline at many
leading institutions.

Cornell's leadership inthe development of
computer science Is indicated bK the texts written
a%CorneII and w#tdely used(})mt er institutions:
Aho, A.; Hopcroft, J.E.; and Ullman, J. D. 19/4.
The design and analysis of computer
algorithms. New York: Addison-Wesley.
Constable, R. L., and O’Donnell, M. J. 1978, A
Wp%ammmg logic. Cambridge, Mass.:
Inthro

Conway, Ig W. 1977. A primer on disciplined
programmlr&g. Cambridge, Mass.: Winthrop.

- 1978, Programming for poets. Cambridge,
Mass.: Winthrop.

Conway, R. W, and Gries, D. 1973, An
introduction to programmlrﬂ: a structured
approach using PL/I 'and PL/IC. Cambridge,

ass.. Winthrop.

. 1976. Aprimer on structured
programming. Cambridge, Mass.: Wmthrog.
Conway, R W.; Gries, D.; and Wortman, D, 1977.
An introduction to structured programming in

SP/K. Cambridge, Mass.: Winthiop.

Conwag/, R W Gries, D.. and Zimmerman, C.
\}\/9,7“]. Aprimer on Pascal. Cambridge, Mass.:

inthrop.

Conway, Ig W, M?xwell, W. L and Miller, L. W.
1967. Theory of scheduling. New York:
Add|son-Wesleé/. .

Donahue, J. 1976. Complementary definitions of
programmm? language semantics. New York:
oprin er-Verag. _ _ .

Gries, D. 1971, Compiler construction for digital
computers. New York: Wlltal. .

Hartmanis, J., and Stearns, R E. 1966. Algebraic
structure theory of sequential machines.
Englewood Cliffs, N.J.: Prentice-Hall.

Hopcroft, J. E., and Uliman, J. D. 1969. Formal
lan ue}\gdes, and V\}hefr relation to automata. New

ork: Addison-Wesley. . . .

Salton, G. ?969. Autorﬁlanc information

- =
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organization and retrieval. New York:
McGraw-Hil. , ,

. 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 fifty gzraduate students in
computer science atthe present time. From
approximately two hundred applicants, the field
admits fifteeri to twenty new students each fall.
Persons who cannot enroll as full-time students
are discouraged from applying (students having
assistantships or fellowshigs are normally
regarded as full-time students).

To be admitted to graduate study in computer
science, a student’is expected t0 have had
significant experience in pro%rammmg a digital
computer, a solid back?roun in mathematics (for
example, at least calculus and linear algebra and
grefer?bl other sHbJects such as Iog‘(c, statistics,

r analysis), and the appropriate ba ?roun to
permit immediate enrgliment in graduate-level
courses in the specialization chasen, In addition
to the materials required for a%ollcatlon to the
Graduate School, the Field of Computer Science
re uwes athl[d Ietfer of recom endﬁtﬁn, a
supplemental application form (available from the
%raduate faculty representative of the fleld%, and

raduate Record Examination scores (verbal,
quantitative, and, if possible, an appropriate
advanced test score).

Students who are interested primarily in computer
components and logical design rather than in the
use of computers may find it more appropriate to
apply to the Field of Electrical Engineering.
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The University's central IBM 370/168 computer
(above) is regched by terminals such as the one
In Upson Hall used by graduate student Fred
Follert (right).

Facilities

The central computing facility at Comell is a
three-megabyte IBM 370/168, linked to
high-speéd terminals a various locations on
campus. The College of Engineering s served
through two such términals at Upson Hall, as well
as through a number of slow-speed terminals for
tlme-shannq. The 168 operates under the VM
system, sothat arbitrary virtual machines can be
configured for various experimental 6nurposes.
The department also has'a PDP-11/60
(microprogrammable) sKstem for_its own
research, with a link to the 1BM 370.



Areas of Research

The research program is designed to provide

an atmosphere in"which both Students and faculty
can influence the development of computer
science.

Major research efforts are directed toward
analysis of algorithms, theory of computation,
compiler c,onsiructlon, 0 er?tlnrﬁ siys ems,
programming languages, Inforrfation storage and
retrieval, program verification, and numerical
analysis.

Instruction and research in related topics are
carried out in other graduate fields. These
subjects include simulation, data processing,
Ilngwstlcs,, control theory, mathematical
programming, network and graph theory, and
electrical engineering. In particular, the Field of
Computer SClence maintains a close relationship
with the Field of Operations Research at Cornell.

The major research activities of the Field of
Computer Science at Comel| are briefly described
below. The examples range from abstract
mathematics to practical implementations and
experiments in &rogrammm systems.

Graduate students make frequent use of the
PDP-11/60 computer terminals. This
microprogrammable system IS a research
facility of'the Department of Computer Science.
he su?e vising faculty member is Alan Demers
atcen ers.
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Theory of Algorithms

There is a growing belief that a relatively small
number— perhaps a score —of fundamental
processes dominate all computing, hoth
a|opI|,cat|on,s and systems programs. The study of

R rithms 'f the aftempt to identify these
undamental processes and to find efficient and
Rossmly optimal algorithms for their execution.

ecent results havé concemed high-precision
multiplication, matrix multipfication, evaluation of
polynomials, pattern matching, sorting, and
manipulation of graphs. In many casés, marked
improvements in perforance have been
obtained. For example, although it had been
"known” that matrix multiplication varies with the
cube of the order n, it has recently been shown
that at most n2& operations are réquired.

The work of J, E. Hopcroft concentrates on
fundamental features of the basic algorithms.
Concise models of the pertinent featlres are
being formulated, and theoretical results
concerning asymptotic_ running times and lower
bounds are being obtained.

Examples of recent theses, listed with the name of
the _suiaerwsm professor, are: ,
Galil, Z. 1975."The complexity of resolution
procedures for thegrem ﬂrovmg in the
ropositional calculus. Ph.D. thesis
FJ., .Hopcrof%. N ,
Mu?mskl,,J. A. 1973. Determjni tiﬁ, com 4exny
of matrix multiplication and otfer bilinear forms.
Ph.D. thesis (J. E. Hopcroft).

Right: Professor Robert S, Cartwright is a
specialistin program verjfication and
semantics. (He IS seated in one of the carrels
provided for graduate students in computer
science.)
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Among professors who direct research in
computational theory are Robert L. Constable
(atleft) and Juris Hartmanis.

Theory of Computation

Primary concems in the area of theory of
comptation are the theory of automata, formal
languages, computational complexity, program
schemata, and formal semantics.

As a result of recent work in theoretical computer
science, a umflede ﬂ1eory op fea3|b?e ,computgtlon
IS emerging that has strong connections to



Right: Professor David Gries works with the
department's teaching assistants in the hasic
computer science codrse.

recursive function theory, to formal Iang+1a,ge
theory, and to the theory of algorithms. ThiS theory
and fhese connections are,belng investigated by
several professors and their students.

Theses in this area include: ,

Hunt, H. B. 1974. On the time and tape complexity
of lan ua%es. Ph.D. thesis (J. E, Hopcroft).

Kozen, D. 1977. Complexity of finitely presented
algebras. Ph.D. thesis (J. Hartmanis).

Mehihom, K. 1974. Polynomial %nd'abstract
subrecursive classes. Ph.D. thesis (R. L
_Constable). _

Simon, J. 1975. On some central problems in
computational complexity. Ph.D. thesis (J.
Hartmanis).

Other recent work in this area concems the
compu,tatl?n?l com IexnIy of s_ch(?mata nd the
analysis of algonthms for manipulating them.
Publications based on this research include the
texts, cited above, by Hartmanis and Stearns and
by Aho, Hopcroft ‘and Uliman, and also journal
afticles such as the following: ,
Hartmanis, J., and Baker, T. R 1975. On simple
Goede| n%lmbenn?s ang translations. SIA
Journal of Compuling 4(1):1.

Hartmanis, J., and Hunt, H. B, Ill. 1974. The LBA
problem and_its |m£ortance inthe theorly of
computing. StAM-AMS Proceedings 7;1.

Hopcroft, J.; and Musinski, J. 1973, Duality
a pfl,led to the com Iexn%_of matrix

dltiplication and other bilinear forms. SIAM
Journal on Computing 2(3): 159.

Compiler Construction

The PLIC compiler, a very efficient compiler for a
subset of PL/I, was implémented under the
leadership of R, W. Conway. The compiler is
unusual mhat it attempts to make glausmle
repairs of all errors so that every program reaches
execution. It has become the standard
instructional system for PL/I and is used at more
than a hundred universities throughout the world.
A description Is available in published form;
Co,nwz? R W, and W|I5,ox, R. 1973, Des%n and
implementation of a diagnostic compiler for
PL/I. Communications 0f the ACM 16(3): 169.

Further work on PL/C is directed toward
expanding the subset of PL/I and improving both
efﬂmencg and error repair. A groug at Cornéll has
developéd an interactive version of the system.

Members of the field are also involved in the study
of automatic translator writing systems and thejr
practical application. D. Gries's book on compiler
construction, cited above, reflects this work.

Program Verification and Semantics

R S. Cartwright, R L. Constable, J. Donahug, D.
Gries, and their students, are working on various
aspects of program verification and"of the formal
semantics, of ,Rro%rammmq Iangug es. ?artwnght
Is especially interested Inthe problem of .
designing & verifiable Lisp-like programming
langtagé with recursive data type. Constable is
conicerned with theoretjcal |s%ues ansmﬁ; in this
area, Fartlcularly questions about the underlying
logical systems ‘and models. He is also director of
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the PL/ICV Verifier project, Donahue is applying
theories of formal semantics to the description”
and dEs| n of real rpro rammin Iacp uages. Gries
IS working on programming methodalogy, new
techniques for corectness proofs, and ways of
teaching these a})coroach_es to programming. The
experimental PL/CV Verifier, written in PL/I; was
built at Cornell and is distributed with the PL/C
compiler to interested research groups.

Some examples of recent work in this area are:
Cartwright, R., and,OElpen, D. 1978. Unrestricted
procedure calls in Hoare's logic. In Conference
record of the fifth annual ACM symposium on
ennmples of programmers languages. New
ork: “Association for Computing Machinery.
Clarke, E. M., Jr. 1976. Completeness and
Incompleteness for Hoare-like axiom systems.
Ph.D. thesis (R. L. Constable). B
Constable, F% L, and IrET?“" H. |1976. Computability
concepfs for prograniming language
semantics. Journal of Theoretical Computer
Science 2:133. -
Donahue, J. 1976. Complementary definitions of
programming language semantics. In Lecture
NOtES in computer science 42. Berlin,
Heidelberg, and New York: Springer-Verlag.
Gries, D., and Owicki, S. 1976. An axiomatic proof
technique for garallel programs. Acta
Informatica_6:319, . _
Owicki, S. 1975. Axiomatic &roqft chniques for
parallel programs. Ph.D. thesis ?D. Gries).

Professor Ray Teitelbaum (second from left) is
directing the Implementation of a new, hlgnhly
Interactive version of PL/C on the department’s
PDP-11 minicomputer and LSI-11
microcomputer.



Information Organization and Retrieval

Research directed by G. Salton deals with the
nalysis l |Pf0rmat|on retrieval ﬁI%onthms and the
e&én of fully automatic retrieval Systems. This
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
Publlcatlon in the Bast few years of three
exthooks (cited above). The participation of
g]rad,uate students in this program is indicated by
esis work completed recently:

Williamson, R. E. 1974. Real time document
retrieval. Ph.D. thesis (G. Salton).

u, C. 1973, ,Theorgof indexing and classification.
sis (G. Salto

Yl
Ph.D. the n).

In another project in this area, R. W. Conway and
W. L Maxwell have designed and implemented a
data-base maintenance and information refrieval
system. Work continues on this system, which
features unusual facilities for file securiy. It 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 mf?rmatlon system.
Communications of the ACM"15(4):211

Left: Nancy Eland, a recent Ph.D., discusses
her thesis work on data-base selstems with her
adviser, Professor Richard W Conway.

Below: Professor Gerard Salton is a leading
autthorltly on information organization and
retrieval.
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Numerical Analysis

J. E. Dennis, E Luk, and C. Van Loan are
qonductmgoresearch in the areas of numerical
linear algebra, solutions of nonlinear systems of
equations, and nonlinear optimization.”J. Bramble
IS primarily interested in the numerical solution of
Bartlal differential e%uatlons.. PhD. thesef have
een written on approximation theory, solutions of
nonlinear systems of equations, and solutions of
matrix polynomial and\-matrix problems; an
example is;
Gay, D. 1975, Brown,'?] method and some
generahzatlons with applications to minimiza-
jon problems. Ph.D. thesis (J. E. Dennis).

Faculty Members and Their

Research Interests

The faculty of the graduate Field of Computer
Science consists 0f the staff of the Department of

omdputer SueHce an men&bers of other

epartments who teach graduate courses and
supervise students in aréas of study related to
computer science. The other académic areas
represented in the field are mathematics, applied
mathematics, electrical engineering, theoretical
ang gﬁ)&)lled Wech,amcs, and operﬁslons research
?nt Oll bulstna engineering. The field members are
isted below.

Gr%or Andrews, B.S. (Stanford), Ph.D.

(Washington): operating systems

James Bramble, A.B. (Brown), M.S., Ph.D.
Maryland): numerical analysis

Robert f gartwn ht, A.B.,FHar,vard), M.S., Ph.D.
Stanford): program verification and semantics

Robert L. Constable, B.A. (Princeton), M.A., Ph.D.
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(Wisconsin): computational complexity, theory

,ofpro%ammmg |0%ICS and ﬁrogram verification
Richard _.C?nv,va , BM.E., Ph.D. (Cornellz,:
d|g|tal simulatiof), mana?em,ent, information
sy %ems, compiler consfruction, operating
ems

sys

AIa% Demers, B.S. (Boston), M.A., Ph.D. _
(Princeton): programming languages, compiler
construction o -

John E. Dennis, B.S., M.S. (University of Miami),
Ph.D. (Utah): numerical analysis

James Donahue, B.A. (Michigan), M.S. (Rutgers),
Ph.D, IgToronto: rogram semantics .

David Gries, B.S. (Quéens), M.S. ||In0.IS%
Dr.rer.nat. (Technical University, Munich):
programming languages, programming
methodology, compilgr constriiction

Juris Hartmanis, Cand.Phll.,T(MarburgZ, MA.
(rKansas City), Ph.D. (California Institute of

echnology): theory of computation

John E. Hopcroft, B.S., M.S., Ph.D. FStanford):
theory of comgutatlo,n, analysis 0 algionthms

Franklin Luk, B.S. gCallforma nstitute 0 .
Technology), M.S., Ph.D. (Stanford): numerical

alysis
Willam L Maxvell, BM.E., PhD, (Comell: digta
simulation, operations research _
Anil Nerode, A.B., B.S., M.S., Ph.D. (Chicago):
logic, applied mathematics
Christopher Pottle, B.E. (Yale), M.S., Ph.D.
(llingis): signal Borocessm : szstems theory
Gerard Salton, A.B., MA. (Brooklyn), Ph.D. ~
(Harvard): information organization and retrieval
Fred B. Schneider, B.S., M.S. (Cornell), Ph.D.
(SUNY, Stony Brook): og%era |n%systems
Ray Teitelbaum, B.S. (M.. g Ph.D.
amnegie-Mellon): programming languages
and systems .
Charles Van Loan, B.S., M.A., Ph.D. (Michigan):
numerical analysis

Further Information

Additional information may be obtained
to the Graduate Faculty
Science, Cornell University, Upson Hall, Ithaca,
New York 14853.

Representative,



Electrical
Engineering

Graduate study in electrical engineering at Cornell
Is stimulated by a wide spectrum of intérests,
ranging from the desire to engage In research, on
basic €lectrical phenomena or on the processing
of SI?.ﬂéﬂS, to the wish to design and develop
electrical solutions to specific’ problems.

At the master's degree level there are two
avenues bg/ which a student ma)r proceed: the
Master of Engineering (Electrical) degree
program, which places major emphasis on design
capability at a h|gh level of professional
competence, and the Master of Science degree
Program, which fé)cuses attention on independent
eséarch. Beyond this stage the two routes
coalesce in the, Doctor of Philosophy degree
rogram, in which research is conducted on
opics that vary from optical electrgnics to Space
communication. Some examples of current
activities are projects in the areas of planetar
magnetospheres, the application of control theory
to power System stability, optical communication
systems, signal encoding in animal nervous
systems, al%onthmm design of computer
networks, microwave fiel -effe?t transistors,
Insensitive multivariable control systems,
probabilistic coding, electron microscopy in
Integrated-circuit fabrication, high-energy
plasmas and thermonuclear fusion, solig-state
and ultraviolet lasers, and electric vehicles.

The two general areas of electrophysics and
systems Underlie most research and de5|%n ,
activity in electrical engineering. Electrophysics
encompasses the stu g of the hgsmal roperies
of matter and the environment and the s ud? of
devices that utilize these,Propert|es. Systems
research is concemed with the compléxes formed
by the interconnection of devices and with, the
résponse of these networks to various excitations.

In electrical engineering these two areas impinge
on one another.” At Cornell research projects aré
distributed widely over the separate disciplines as
well as in the areas of overlap.

Currently more than one hundred forty .

Elradtu,ateI sEtud,ents are eonfr%led mf_%?e Field ofk _
ectrical Engineering. Of these, fifty are workin
for their Ph.Dg degregs. This numbe¥ IS ?a,rge g

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. Moreover,
since graduate students often leamn as much from
each other as they do from their formal studies, it
IS important to pravide an_environment, as at
Cornﬁll, th t,enc,ourqges interaction among
people working in related research areas.

The M.Eng. (Electrical) de%,ree prog,ram isa
course of study requiring thirty credits of technical
work, which must include two'two-semester
course sequences in electrical eng meenng. Three
to ten credits are earned for a design project.
Neither the M.S. nor the Ph.D. degree Rrogram
has specific course requirements. Each student,
In consultation with the faculty members of her or
his Special Committee, qu|3 Sa rosqraén of
courses and research tallored to the Student’s
own background and objectives. The formal
courses I any of these Programs may be
selected from’the more than SIXIP/ E(_1raduate-leve|
courses offered by the School of Electrical
Engineering or from the manK other advanced
courses offered throughout the University that are
of interest to graduate students in electrical
,enf%lneerlng. f particular relevance are courses
in the areas of applied physics, astronomy and
space sciences, computer science, mathematics,
neurobiology and behavior, and physics.
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Facilities

Man?/,of the research projects in the Field of
Electrical Engineering are carried outinthe =
laboratories of Phillips Hall, the center of activity in
electrical en%meenng 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 lonospheric physics and
radiowave propagation, microwave sofid-state
devices, optics and spectroscopy of solids and
thin films, and quantum electronics. The National
Research and Resource Facility for Submicron
Structures, an NSF-funded operation to develop
knowledge and techniques essential to the design
and. construction of extremely small electrgnic
devices, is housed in Phillips Hall. The facilities of
Cornell's Materials Science Center and of its
Laboratory of Plasma Studies are used bg gLoL#)s
working Inf these areas. Some of the research |
ionospheric physics and radar astronomy is
carried out at the National Astronomy and
lonosphere 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 djgital filters, bioelectronics, control
systems, and digital systems. Some groups also
use the facilities of the' Section of Nedrobiology
and Behavior in the Division of Biological
Sciences.

The various computer facilities available at Cornell
are highly important for electrical engineerin
research, ,garncularl in the area of Systems. The
University's extensive central computer services
and on-campus terminals giving access to several
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of the largest computing networks in existence are
used in many of the research projects in both
electrophysics and %ystems. In addition the
School of Electrical Engineering has several
minicomputer and micfocomputer systems with
extensive peripheral devices that aré available to
all faculty members and students for research and
Instructional uyse. One of these machines is.
Interfaced with an analog computer to provide a
hybrid facilty.

Areas of Research

The research activities of faculty members in the
Field of Electrical Engineering may be grouped
into @ number of broad areas. Some of the current
research topics and design problems are given
below under each area heading; also listed are a
few recent design reports, reséarch theses, and
publications that have resulted from this work. A
complete list of faculty publications is available
f|£|0r|1|1 the School of Electrical Engineering, Phillips
all

Bioelectronics

Research in this area involves the apg,llcan_on of
ele tnceg,e gineerin te((:pmques to biolo |c?l
and medical"systems and includes studies o
electrophysiolagical techniques, animal sound
communication,” sensory processing n 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 tge ayditory ne[vou.s
system, Information coding In the multiunit
response of sensory receptors, and models and
design of cancer therapy.

R. R Capranica, M. Kim, and W. J. Heetderks
direct these research efforts. Examples of
publications and theses or reports (listed with the
name of the supervising professor) in this area

are. .

Canramca, R R. 1976. The auditory sgstem. In
rogSneuromeo y, ed. R. Llinas and W. Precht,
pp. 551-575. Heidelberg: Springer-Verlag.

Dragsten, R R.. Webb, W. W.; Paton, J. A.; and
Capranica, R. R. 1974, Auditory membrane
vibrations: measurements at sub-angstrom
levels by 080t|cal heterodyne spectroScopy.
Science’ 185:55. O ,

Heetderks, W. J. 1978, Criteria for evaluating
multiunit ?plk separation techniques.

Biologica CPv emetics 29:215. _

Kim, M., and Perry, S. 1977. Mathematical .
methods for determining cell DNA synthesis
rate and age distribution utilizing flow
micro-fluorometry. Journal of Theoretical
.Blologg 68:27. . "

Kim, Y. and Kim, M, 1977. Modulation of repetitive
action potentials in molluscan neurons
stimulated with altemating currents. Brain

NS B3t 07 Ruditoy processing of
arins, P'M. 1976. Auditory processing 0
biofo icall meanlngfu?,goﬁnds in thgg-: treefrog,
Eleutherodactylus coqui. Ph.D. thesis (R. R
Capranica).. ,

Yu, F 1978, Microprocessor based data collection
sgstem, for neurth SIO|(|)_?IC&| research. M.Eng.
(Electrical) repor (\X/ J. Heetderks).

Some of the graduate theses in progress are: A

Neurological Control Model of the Peripheral



Above; Sounds used in behavioral studies of
animal communication are generated
electronically in research directed by Professor
Robert R. Capranica (at center). The'work also
includes related neurophysiotogicai
experiments.

Left: Current research in hioelectronics
includes the development of electrodes for
chronic recording and of signal processing
techniques for decodln? information carried on
the ﬁe,rlpheral nerves of frogs and cats. This
work is under the direction of Professors
William J. Heetderks (center) and m. Kim (right).

Visual System of Aplysia, Pharmacological and
SP/stems Study of Pacemaker Neurons, Sensitivity
of the Eardrum Measured by Light Scattering
Spectroscopy, Neural Basis for Sound ™
Localization 1n Treefrogs, Sound Communication
in Redwing Blackbirds, The Power of Heuristic
Multi-Spike Isolation Techniques, The Role of PAD
in the Type | Mechano Receptor System, and
Systems Anal SI? and Experimental Studies in
emical Control of Tumor Growth.

Computer Engineering

Research efforts in this area are stimulated and
defined by the demand for various cost-effective
computer'configurations and the advent of
verx-large,—scale integrated circuit (VLSI)
technologies.

New methods are being sought for the design and
analysis of VLS| computer systems, particularly
with regard to the Interaction between central
groc,essmg units (CPUs) and memory units.

tudies are also being conducted ori VLSI
memory structures.

Algorithmic and quantitative approaches to the
design, implementation, and evaluation of
microcomputers, minicomputers, and computer
networks are being developed. Also under study
Is the mteg)retatlon of higher-level, dwectlg
executabl Ianguagesw h microprocessors and
microcomputers.

Design efforts are directed toward specific
applications of digital and computing
technologies. The need for control, Nput-output,
and interface subsystems, to be used with
student-constructed digital computers and in the
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microprocessor laboratory, provides many design
projects. The dlgi_lt&ﬂ systéms laboratory has been
designed to facilitate research, experimentation,
and design activities in this area.

D. W. Hammerstrom, H. C. Torng, and N. M. Vrana

and their students work on these"projects. Recent
ublications and reports include:
owra, J. W, and Tomng, H. C. 1976, The
modeling and de3|]gn of multiple function unit
processors. |EEE Transactions C25:210.
Hammerstrom, D. W., and_Davidson, E. S, 1977.
Information content of CPU memory referencing
behavior. In Proceedm%s of fourth annual
szymgosmm on computer architecture @eld
3-25 March 1977, in Washmqton D.C),
p. 184, New York: IEEE Computer Society. .

. 1978, The use of second order memories to
reduce addressing overhead. Submitted for
publication. .

Koenig, M., and Eichom, K. 1976. A laboratory
module for,deveI(M)mg microprocessor based
(design projects. M.Eng. report (N. M. Vrana).
Riera, M. 1976. A micro rogram module for CPU
design projects. M.Eng. feport (N. M. Vrana),
TomF, . C., ‘and Withelm, N.'C. 1977. The op

interconnection of circuit modules in
microprocessor and digital system design.
IEEE Transactions C26:450.

imal

Control Theory

Theoretical problems associated with the control
of linear and nonlinear systems, including
?roblems of stochastic control, are being studied.
he techniques developed in these investigations
are applied to control problems in the areas of
power systems (improving transient stability),
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In the microprocessor laboratory of the School
of Electrical Engineering, compter
engineering students design and implement
hardware and software for experimental
systems hased on microprocessors.

tracking sKstems, and guidance systems for
reentry vehicles.

Inthe area of multivariable linear systems, the
design of insensitive control systems is being
mvestl?,ated. 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
focuses on successive arﬁ)apfromm,atjon techniques,
Computer techniques, (a oq, digital, and hybrid)
are emphasized, p,arhcularly or optimization’in
real time. The application of the theory of
functional analysis to control problems provides a
background for new computational procedures.

In one application of modern control theorY1, the
dynamics of cancer cell populations and the
design of various modes of cancer therapy are
studied u,smgi system identification and
optimization techniques.

The design. of terminal guidance systems for
reentry vehicles is studied using either the
classical approach based on ﬁroportlonal
navigation or modern control theory.

M. Kim, R. J. Thomas, and J. S. Thorp direct
research projects in this area.

Recent reports, theses, and publications include:
Bennett, W. 1977. A microprocessor-based.
controller for maximizing torque In fuel-injected
engines. M.Eng. reﬁort R. J. Thomas).
Sherkat, V 1978. On é e transgntkcontrol ofa .
ower system via dynamic braking. Ph.D. thesis

J.S. Thoer). .

Thomas, R. J. 1976, An efficient root-locus
rogram for feedback control system design.
EEE Transactions E19.76.

Thomas, R. J.; Thorp, J. S. and Pottle, C. 1976. A
model-reference controller for stablllzmg large
transient swings in ?ower systems. IEE
Transactions AC21:746.

Wong, T 1977. A programming package for .
numerical solution of Lyapunov and Riccati
equation. M.Eng. report (R. J. Thomas).



Digital Circuits and Signal Processing

Research in this area is concerned with advanced
signal-processing co,ncegt,s and d%wce design,
Clrrent research”projects include the desjgnof
recursive and adaptive filter structures using
charge-couFIe,d devices (CCDs) and high-Order
ladder and lattice filter structures for speech
processing and digital communications systems.

Microprocessors and minicomputers are beln?,
used at Comnell In projects ranging from industrial
process control to studies of geophysical plasmas
and neurological information encoding. Master of
Engineering “students have designed
spécial-pupose digital systems for tasks such as

Left above: A Master of Engineering student
works on @ microprocessor-based System
being designed for on-line signal analysis.

Above: Hardware units for the analysis of
rocket and backscatter radar data have been
designed and built by student groups.

The equipment shown contain§ complex RF
and digital circuits with microprocessors for
programmable control functions.

data qugmg data compression, radar control
and on-ine data processmq, on-line experiment
control, and process control. Work is also being
done with sampled anajog Systems using charge
transfer devices for real-time’ data analysis.

T. Berger, N. H. Be/ant, D. T Farley, T C. Fine, W.
J. Heétderks, M. C. Kelley, W. Ku,"and N. M. Vrana
direct research in this aréa.

Recent reports and Rublicatio,ns include: .

Bl?me, ((51 M. I197% | g?nera,{hzgd filter ustm aJ
apped analog delay line. M.Eng. report (W. J.
Hggtderﬁs J deey & 1ep

Botsakos, M. 1976. Design. of a data acquisition
IS\XStem for use in predicting orchard diseases.
‘MEng. report (N. M. Vranal.

Gilmour, R 1976. A software package for
automatic speech parameter extraction on PDP
11/?(0 minicomputer system. M.Eng. report

. Ku).
Jones, K. 1977. Controller for a synthesizer
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of cricket songs: development of hardware
and user programs. M.Eng. report (D. J.
Aneshansley). , ,

Ku, W. H., and Ng, S, M. 1975. Floaing-point
coefficient sensitivity and roundoff noise of
recursive digital filters realized in ladder
structures. [EEE Transactions CAS22:927.

Thomson, D. 1976. A data collection and
processing_system for an auroral radar. M.Eng.
report (M."C. Kelley).

Electromagnetic Theory and Applications

High-power pulse generators are being used in
the Laboratory of Plasma Studies to produce
electron beams carrym(]; currents of tens of
kiloamperes at megavolt energies.
Electromagnetic waye propagation along these
beams Is being studied as part of a program
concerned with new techniques for accelerating .
intense proton beams to relativistic velocities. This
r?search has potential application to
electronuclear breeding.

Studies have been made of transition radiation
that If ue to arel tIVISt#C char%e,lnmdent ona
metal sheet, and also of the transition radiation
that occurs when achargie passes throu%h ahole
in a metal plate. The related problem of the
energy decrement that is lost to a cavity by a
transiting charged particle is also of interest.
These problems find application in work with
linear accelerators and Sources of radiation.

Symmetry analysis techniques hased on %row)
theory are being developed for boundary-value
problems that accur in electromagnetic theory. A
current project in this area focuses on structure
symmetry as related to the propagation
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characteristics of periodic structures for
microwave and millimeter circuits and devices;
these include filters, interaction circuits for
electron-beam or active semiconductor media,
antenna arrays, transducers for surface-wave
devices, modulators, and mode converters.

Work on these and other subjects in the area of

electromagnetic theory is supervised by R.

Bol9|ano r, R L Liboff, R R. Mclsaac, and J. A

Natfon. Recent papers include:

Gammel, G,; Nation, J. A.; and Reed, M. E. 1978.
A'technigue for the measurement of the
amplitude and phase velocity of a slow space

A center for collecting weather satellite data
was designed and asSembled in a doctoral
researchproject.

charge wave on a relativistic beam. Reviews of
Scientific Instruments 49:507. ,

Maresca, N., and Liboff, R. L. 1975. Fields and
radiation due to a charge incident on a .
conductmg 1olane. Journal of Mathematical
Physics 16:116. ,

Mclsaac, P R 1976. Bidirectipnality in gxrotropm
waveguides. IEEE Transactions MTT24:223.



Electronic Circuits and Instrumentation

Electronic circuitry is needed for research in
almost all fields of science and technology, and
the deélgn of mitr,umerwnts,ls n important aspect
of graduate work in electrical engineering.

At Comell Master of Engineering candidates in
particular may choose from a wide variety of
subjects for projects in instrumental design. For
example, In Several recent projects flight
hardware for rocket and satellite experiments has
been developed; other design projects have been
carried out in such fields as bioelectronics, power
systems, plasma physics, optoelectronics,
neurobiology and béhavior, meteorology,
high-energy physics, and veterinary medicine,
Many projects éntail working with groups in other
units of thie University; occasionally electrical
engineering M.Eng. Students become interested
in pursuing doctoral study in the fields in which
their M.Eng. instrumentation projects were
accomplished.

Graduate work in this area is su[oervised by P D.
églérs%w N. H. Bryant, M. C. Kelley, and J. L

Recent theses and publications include:
Aneshansley, D., and Eisner, T. 1975,
Ultraviolet-viewing with battery operated
television camera. Nature 256(5¢ 13?:150. ,
Minks, D. 1977. IfEIectrl?ntlc synthel\?sE of the bat3|c
ompaonents of cricket songs. M.Eng. repor
ED. Jp Anes%ansfey(i i 0. P
Sanik, R'S. 1978. An'Instrument system to
measure the vertical distribution of ozone in the
lower troposphere. Ph.D. thesis (N. H. Br[yant).
Woodland, H. 1973. Special effects generator:
ombination of two video images. M.Eng. report
N. H. Bryant).

Doctoral candidates are working on a project
to devise techniques for on-line”fault analysis |
that would help ensure stability of large electric
Fower systems. Amodel s used to simulate a
arge power generating plant.

Energy Conversion and Power Systems

The problems associated with the national energ
crisis have stimulated research in areas of relate
Interest. For the past several years energy
research by members of the electrical

engineering faculty and their students has

focused .or]. cooperative efforts within

Interdisciplinary groups or centers such as.
Cornell's Laboratory of Plasma Studies and with
energy ,Pro\%lra_ms in other divisions of the
University. While activities of such broad scope
continue, investigations are also und?r wa ?n
energy topics of specific interest to electrica
engineers.

Inthe general area of power-system network
analysis, research is being conducted on the
application of control theor{y and computer
sclence techniques to the fransient-stability
problem that exists after a major power-system
disturbance. Control mechanisms such as
dynamic braking, capacitor switching,
high-voltage-direct-current (HVDC) transmission
modulation, and_governor and exciter regulation
are being Investigated. An mteqral part of these
studies IS the development of algorithms to
provide on-|ine decisions for the optimal,
coordinated application of the various control
mechanisms to systems in the emergency state;
particular emphasis is placed on the use of

mic oproces%ors for these functlﬁms. S. Linke, C.
Pottle, R. J. Thomas, and J. S. Thorp are
conducting research in these areas of
power-system control.

Linke and Thomas are also studying
electromechanical ene_rﬁy convérsion and. .
associated controls, with attention to both intuitive
and anah{tlcal procedures for the development of
representative models. W. H. Erickson continues
his interest in conventional AC and DC machmem{
studies, and J. L. Rosson and P. D. Ankrum direc
work in the application of solid-state devices to
the implementation of control functions for
electric-car development.
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Analysis of the Unlversnr campus utilities system
is a popular energy-related student project”
activity. Recent topics have included examination
of the“possibilities for operating the University
steam glan_t ina coqeneranon mode, and.
consideration of res onnP the old University
hydroelectric plant to full'service. These studies
are of an interdisciplinary nature and have
involved faculty and students from the Schools of
Electrical Engineering, Mechanical and
Aerospace r]gEmeerlng; and CJVI| and
Environmental tngineéring and University
personnel responsible for"planning and facilities.

In the area of high-voltage breakdown and
dielectric phenomena, research techniques and
instrumentation developed in the Laboratory of
Plasma Studies could be applied to investigations
of insulation behavior and fo studies of switching
phenomena. Several impulse-power facilities,
which function at voltages ranging from 0.5 million
to 5 million volts with duration periods of between
50 nanoseconds and a few microseconds, are
available for such studies. S. Linke, J. A. Nation,
R.N. Sudan, and C. B. Wharton are interested in
related research topics that overlap the subject
matter of plasma physics.

Recent theses, M.Eng. reports, and publications

include: .

Chu, D., and Palesch, D. 1976. Design and .
analysis of ultra-high-voltage (UHV) electric
ower networks inthe northeastern U.S.A.
.En%. report (S, Linke). . ,

Coulompe, S. A. 1975, Design of an electric
vehicle for urban-suburban use. M.Eng. report

(J. L Rosson), ,

de Groff, A., and Amin, R. 1978. Athg/nstor
ﬂhase-controlled converter/invertér for a model
VDC link. M.Eng. report (R. J. Thomas).
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A continuing project for Master of Engineerin Abstracted in IEEE Transactions PAS96
students is 5 d(Je_sign of operating sygstems fogr 84}:91097. Full text in IEEE publication no. 77CH

: -8-PWR. N
the Comell electric tar . Oey, K. K. 1976. On-line digital computer control
Fog 2 Pt L8, Procesig o per 05 APV Sl vnsen!oces
| via i D. . .
n¥icrocompuyter srt)ructures. Paper 78'—0229-7 Thomas, R. J., 9hOfIO, J. S, and Pottle, C. 1976. A

read at Winter Meeting of IEEE Power model-referenced controller for stabilizing large
Engineering Society, January-February 1978, in ~ transient swings i nger systems. IEEE
New York. Transactions AC21(5):746. ~
Gallai, A. M. 1977. Comparisans of Tharp, J. S.; Phadke, A: C,: Horowitz, S. H.; and
power-system-transmﬁt,—sta |ﬁty-mode| Beehler, J. E. 1978, Limits to impedance
_complextties. M.S. thesis (R. J. Thomas). relaying. Paper F-78-219-8 read at Winter
Linke, S. 1977. Surge-impe qnce Io.adlnag and Meéting of IEEE Power Engineering Society,
power transmission capabilty revisited. January-February 1978, in New York.



Information and Decision Theory

Research efforts in information and decision
theorybar_e directed primarily toward fundamental
contributions to the theory of representing and
8rocessm information, In addition therels

ngoing reésearch into the formulation and solution
of SeleCted probabilistic and statistical problems
that arise in'the design and analysis of Systems
for signal processing, communication,
computation, and decision making.

Studies of multiterminal information theory are
concerned with situations in which correlated
sources of information observed at different
locations must be conve?/ed, either exactly or
approximately, to several destinations over
networks of communication channels. In Comell
work the optimum gerfor ance aét inable by
communication systems designed for such
multiterminal information tranSmjssion has been
determined or accurately bounded in many
interesting cases. Interrélations between ergodic
theory and multiterminal information theory
consfitute a recently opened research area.
Related problems in multiterminal estimation and
decision theory are also under investigation.

New characterizations of chance and uncertainty,
based on concepts of interval-valued and
comparative probabilities, are being developed.
Methods of inference and decision making that
are compatible Y\gth these new char,a?:tenzatlonS
and that'can yield new designs for information-

processing systems are being explored.

T. Berger and T. L. Fine direct research in this

area. xamgles of publications and theses are:

Berger, T, 1977. Explicit bounds to R(D) for a
hinary symmetric Markov source. [EEE
Transacfions 1T23:52.

Ber?er T, and Lau, J. K. 1977, On hinary sliding
block codes, EEE Transactions 1T23:343.
Chang, M. U. 1978. Rate distortion with an
informed decoder and partially informed
“encoder. Ph.D. thesis (T. Bergbr
Fine, T. L. 1973. Theories, of probability: an
examination of foundations. New York:
Academic Press. , ,
Fine, T L., and Kaplan, M. A. 1977. Joint ordgrs in
comparative probability. Annals of Probability

5:161.

Plwang, W. 1978. Consistent estimation of system
ordér. Ph.D, the?l_s Q L Fme?j ,

Tung, S. 1978. Multitetminal source coding. Ph.D.
thesis (T. Berger).

Electron beam lithography is used for the
fabrication of submicron-Scale electronic
devices. The microcomputer-controlled system
uses a modified scanning electron microscope.

Integrated Circuits and VLSI Technology

Programs in this area benefit from and are largely
conducted in the laboratories of the National
Research and Resqurce Facility for Submicron
Structures housed in Phillips Hall. This facility
provides state-of-the-art equipment to conduct
research on devices and materials for large-scale
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TnTegratea circuits,and other devices that have
very small dimensjons and require complex
]process,lng. Included is e%w ment for,%ewce
abrication with use, of electron-beam lithography,
x-ray lithography, high-resolution projection
optical lithography, jon implantation, diffusion, and
molecular-beam epitaxy. cannmg transmission
and Auger microscopes, as well as standard
scanning electron microscopes and SIMS, are
availablé for the study of the composition and
electronic properties of small devices and their
interfaces. Students involved in research
programs. in this area have the opportunity. to
interact with visiting scientists from industrial and
university I.aboratonﬁs aclr_oss the countr¥ who
come tohthls national facility to carry out their own
research.

Research programs range from the fundamenta
development of new machines to provide finer line
definition or improve the analysis of
submicrometer structures and the application of
these machines to the ﬁro,ducthn of advanced
electronic devices, to the investigation of
fundamental (Physmal processes that are
Important In devices constructed ona ,
submicrometer scale. Much of this work is done in
the submicron facility by faculty members in other
%Aradu,ate fields, such as Appliéd Physics,

aterials Science and _En(?pl eerm?,_ and
Chemistry. Within the Field of Electrical
Engmeermg, research on quantum electronics
and optoelectronics and semiconductor materials
for electronic devices, described elsewhere in this
%étf.ltlcatlon, is also carried out in the submicron

lity.

Central to the work of the facility are programs
which ,a,PpIy the lithographic and processing
capabilities of the laboratory to the fabrication of
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Equipmentin the submicron facility includes a
multiple-mask electron beam evaporation
system for sequential deposition of patterned
thin-film layers.

new components and su,bsy{stems for VLSI. One
Program IS concer e,? with the Eh¥3|cal limits to
eddction In size o silicon MOSFETSs and
Schottky-gate MOSFETS, and studies are
continuing on the properties of submicron-size
devices made of compound semiconductors.

The possibilities of ion-beam exposure of resists
are being investigated. Because resists are highly
sensitive to ion exposure and because the small
scattering range of ions permits high resolution,
this is a romlsmIq technique for deflnln% features
of the order of 0.1 micron or smaller. Another
project in this area involves the use of focused

laser radiation to anneal damage in jon-implanted

sEoeumens for use in electronic devices.
xperiments on the laser annealing of compound

semiconductor materials are also in progress.

The mechanisms of plasma etching are being
investigated as part of a program o develop™
fabrication processes for devices with dimensions
inthe 0.1-micron region. In related work the
accuracy and speed of electron-beam
Battern- eneration equipment is being extended
y the design of new hardware and software for
computer control of the beams.

These various prokects are directed by J. Frey, J.
M. Ballantyne, C, A. Lee, and E. D. Wolf. Somie
relevant publications and theses are:

Benson, . 1?78. Theory and applications of a
scanning [aser microscope. M.S. thesis (J. M.
Ballant nea. , ,

Berenz, J. 1977. GaAs Read diodes. Ph.D. thesis

.A Lee, G, C. Dalman).

Frey, J. 1976. Effects of intervalley scattering on
noise in GaAs and InP field-effect transistors.
|EEE Transactions ED23:1298. .

Frey, J., and Malone}/, T J. 1975, Frequency limits
of GaAs and InP field-effect transistors. [EEE
Transactions ED22:357.

Gumey, R. D. 1976. Fabrication technology for
microwave GaAs field-effect transistors.”M.S.
thesis (J. Freg/). _ . o

Kratzer, S. 1978 Transient velocity characteristics
ohfel,ectrons in compound semiconductors. M.S.
thesis (J. Fre%). , _

Kwor, R. 1976. Experimental and theoretical
studies of ion-implanted silicon Read IMPATT
diodes._Ph.D. thesis %C. A, Lee, G. C. Dalman).

Maloney, T. J. 1976. Nonequilibrium electron
transport in compound semiconductors. Ph.D.
thesis (J. Frey).



Microwave Semiconductor Devices and
Circuits

Research in the area of microwave semiconductor
devices emphasizes experimental studies that
have potential engineering applications. Under
investigation are active elements forthe
generation and amﬁllflcatlon of microwave signals
at both low and high power levels, as well asthe
growth and processing of the key semiconductor
cr?/stals of Ogalp]um arsenlqe, indium Ph?s nlde,
sificon, and”other materials necessary for the
construction of these elements.

Current projects are concerned with the principles
of operation and the means for improving the
performance of such devices as both low-nise
and high-power microwave field-effect transistors
(FETs), Gunn diodes, and various thes, of
avalanche diodes. Monolithic and X\bnd ,
microwave Integrated circuits of GaAs and Si are
also being studied. The design and fabrication of
these devices and the design of circuits for their
use as oscillators fmd ampliiers involve
application of the [atest techniques In such areas
as tPe %rowth,of ultrap re_materlalﬁ, |(fn
implantation, integrated-circuit technology, the
characterization ot automated devices, and
computer optimization of circuits.

In the area of circuit design, aytomated
network-analyzer facilitieS are being used to =
measure device parameters; circuit optimization is
facilitated by an on-line connection to the School's
PDP 11/45 and LS| 11 comrﬁ),uters. New and
highly versatile design techniques are being
implemented for very-broad-band microwave FET
and diode amplifiers.

This research is aided bF¥ the presence of the
National Research and Resource Facility for

Ahove: In anEraduat_e research project, a
microwave FET device fabricated in the
pho_tohthogr_aPhy laboratory is Inspected to
verify materials properties, predicted ,
theoretically. The studentis wearing prescribed
clean-room apparel.

ngnht: As part of the laboratory work required
by his graduate program, a doctoral candidate
IS entering a microwave network analyzer

error-correction program on a small computer.

Submicron Structures at Cornell. Ultraclean areas
In Phillips Hall are available for the growth, by
various methods, of semiconductor crystals Used
in studies of impurity diffusion, metallization,
photolithography, and ion implantation.
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H. J. Carlin, G, C. Dalman, L. F Eastman, J. Frey,
W. Ku, and C. A. Lee are directing this work.
R%presentatlve reports, theses, and publications

are.

Berenz, J. J. 1977. Small-signal characteristics of
g_alllum arsenide Schottkey-Read IMPATT

iodes. Ph.D. thesis (C. A Lee, G. C. Dalman),

Kogmak, J. J., and Ca?IB, H. % 1977, Real
requency design of broadband microwave
amplifiers. In Pfoceedings of 6th bienpial
conference on active microwave semiconductor
devices and circuits, p. 65. Ithaca, N.Y.. Comell
Unlversnf/. oo

Ku, W. H, 1977. Exact synthesis of interstage
matching_networks for broadband microwave
GaAs FET amplifiers. Paper read at IEEE
International Microwave Symposium, June
1977, In San Diego, California. _

Kwor, R 1976, Experimental_and theoretical
studies of ion-implanted silicon Read IMPATT
diode. Ph.D. thesis (C. A. Lee, G. C, Dalma?).

Lawrence, D., and Eastman, L F. 1978, Use 0
current controlled GaAs LPE for optimum
doping ?roflles in LSA diodes. Electronics
LetterS 14.77. o

Maloney. T J., and Frey, J. 1976. Fre uencY limits
of GaAs and InP field-effect transistors at 300 K
and 77 K with tﬁglcal active-layer doping. IEEE
Transactions ED23:519.

Mokarl-Bolhassan, M. E., and Ku, W. H. 1977.
Gain-bandwidth imitations and synthesis of
single-stub bandpass transmission-line
structures. IEEE Transactions MTT25:848.

Souza, R. E_1976. Small- and Ia[ge-3|gcnal effects
on IMP@TT diodes. Ph.D. thesi$ (G. C. Dalman,

. A Lee).

Wu, J.-S. 19)8. Anal %ical and comﬁute,r-aided
design fechniques for IMPATT retlection
amplifiers. Ph.D. thesis (W. H. Ku).
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of broadband ac

filters, lump-loade

Network and System Design
Problems of current interest in this area are

concermed nﬁ)nmanl with microwave circyit

design, computer-ided circuit design, digital

filterS, nonlinear systems, and active networks,

Research Is beln? done In the theory and design

ve systems, includin _
microwave CiIrCUItS conéalmn solid-state devices
such as avalanche diodes, Gunn and LSA

oscillators and amplifiers, and transistors.
The synthesis of networks having distributed

Rarameters is b_elng investigated. New results
ave been obtained in gain-handwidth theory,
broadband and hlghly Selective narrowband
transmission line structures,
and linear phase microwave structures. Recent
contributions also include the use of circuit
methods for analyzing dispersion in.
dielectric-loaded"and"dielectric (optical)

waveguides.

The CORNAP computer program, developed at
Caornell, is widely used in industry and at other
universities to anal¥ze complicated active linear
networks using a state-space approach. The
methods used’in this program are currentI){Wbemg
extended to nonlinear and time-varying, networks,

with particular em#]hasis on desiqn op imiza{lon

methods, sparse matrices, and Simulation of stiff
linear systems. Also under mvesthatlon are
simulation techniques using novel parallel
computer architectures.

H. J. Carlin, W. H. Ku, and C. Pottle are working in
these research areas. Recent theses and
Lai1kr)ll'lr§:atl-lloqs i%%d/?\:ne approach to
i, H.J. 1977. A new ,
%ain-bandmdth problemgIO IEEE Transactions
AS24:170.

Denton, G. A 1977. Selective, constant delay .
wave digital filters. M.Eng. report (H. J. Carlin).

Fong, J. 1978. Large scale power system and
nonlinear network simulation via Simple parallel
microcomputer structures. Ph.D. thesis FC

Pottle). ,

Ku, W, Izl and Petersen, W. 1977. Synthesis of
broadband matching networks for microwave
transistor amplifiers.”In Proceedings of I[EEE
international sympaosium on circuits and
systems, pp. 704-707. New York: Institute of

lectrical & Electronics Engineers,

Wong, Y. M., and Pottle, C. 1976. Adaptation of
cifcuit-simulation algorithms to a 5|mnple parallel
microcomputer structure. IEEE Journal on
Electronic Circuits and Systems 1:27.

Plasma Physics and Applications

Plasma research conducted by the faculty and
students of the School of Electrical En%meenng IS
coordinated bg_the interdepartmental Laboratory
of Plasma Studies. Both theoretical and
exPenmental programs are pursued. The
extensive laboratory facilities include large-scale
plasma devices and small-scale apparatus.

Programs, in which members of the school are

par |C|pat|ngz_ include projects and studies on
Intense rela I,VIStI(i electron beams and their
Interaction with plasmas, Intense lon beams,
,|n{ect|on and trapping of ion rings, lasers and their
interaction with plasmas, collisionless plasma
turbulence (waves and transport), nonlinear
waves and plasma instabilities, and numerous
problems involved in controlled thermonuclear
power research.



Research on megavolt-terawatt electron beams,
high-current megavolt ion beams, and turbulent
heating is espemall% notewor,thg; pioneering work
In these areas has been carried out at Cornell.
The electron and jon beam research Is directed
largely to the study of heating and confinement of
thermonuclear plasmas. Other work using these
beams is directed o microwave generation,
collective jon acceleration, the géneration ot large
currents of positrons, and beam dynamics, In the
turbulent heating experiments, the possibilities for
heating a fusion”plasma by strong turbulence are
being investigated. Theorétical investigations
inclyde studies of the stability of field-reversed
eqwhbna, jon rings, collective processes bPI which
relativistic beams transfer their energy to plasmas,
thﬁ stahility and egullhbnum of electron geqms n
different geometrical configurafions, and plasma
turbulence, Some of these problems are
simulated by numerical models which are solved
on the largest moder digital computers.

The area of plasma research and related studies
of h|%h-power electron and ion beams offer a
number of opﬁortunmes for engineering design
projects. Much of the experimental equipmen
needed to carry out the basic research must be
desgned, and éult at Comell, T? ﬁ(}:hleve the
accgleration and confinement of charged
particles and plasma arcs, electromagnetic
principles must be applied in designing the

machines that generate the beams. Furthermore,

Ahigh-voltage pulse power facility is used in
Cornell plasma physics research. ‘A graduate
stydent s standing next to a water-dielectric
pulse-forming line, part of a system used in
electron beam research directed by Professor
John A. Nation.
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many instrumentation problems that arise are
pecu iar to_the very high voltages and mtense
%netrc fields involved in thi ds resee}rch and
rerlr t|re creative engineering design for their
solution.

Electrical engrneenn? faculty members directing
Elasma research includ e R. 'L Liboff, J. A, Nation,
Sudan, and C. B. Wharton. Other
academrc umts at Comell that participate in the
aboratory of szasm Studies actrvrhes include
those_In applied and engineering physics,
chemrstry, mechanical and aeroSpace
8rneenng nuclear science and engineering,
physics.

Recent theses and papers in this area include:
Carmel Y. 1974, Application of intense reIatrvrstrc
lectron beams o icrowave eneratrorh
esrsFJ A. Nation). A paper based on this
research was published under the same tifle in
1973in Journal of Applied Physics 44:5268.

Greenspan, M, 1977. Experimerital study of
Blasma heatrncq k%y reIatrvrstrc electron” beam.

h.D. thesis Wharton).

Liboff, R. L., anﬁj Mares 1975 An
interpolation formula ort e ener radrated by
a point charge passing through ahole in a
plane. Canadian Journal of P ysrcs 53:62.

Right above: Research on the heating of
Flasmas part of a study of controlled
hermonuclear processes, is supervised by
Professor Charles B. Wharton (at left).

Right: Postdoctoral associate Michael
Greenspan IS working on aprorect directed by
Professor Ravindra N. Sudan, to focus
high-power proton beams on a target.
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Ott, E.; Manheimer, W. M.; and_Klein, H. H. 1974.
Stwlated Comﬁ]ton scattermé} an
self-focusing In the outer regions of a laser
fusion ’{‘ljlasma. Ph¥3|cs of Fluids 17:1751.

Pereira, N. R. 1976. Theary and simulation of
Langmuir solitons. Ph.D- thesis (R. N. Sudan).
Papers bas%d on thl? resgarch were 2oubllshed
in 1977 n Physics of Fluids 20:271; 20:936.

Sethian, J. 1976. Thomson scattering and
diamagnetic studies of plasma heating. Ph.D.
thesis %C., B. Wharton). A condensed version

was published in 1978 in Physical Review

Letters 40:451.

Quantum Electronics and Optical Physics

Programs in these areas include research on
chemical and molecular lasers, active devices for
Integrated OPUCS, nonlinear optics, and optical
properties of insulators and semiconductors.

In the field of chemical and molecular lasers,
r?searcp oriented toward the discove ancﬁ stud
of new laser S}/st,ems, IS In progress. The relaxation
and, transfer of vibrational and’electrqnic
excitation in molecules through atomic and
molecular collisions is being Studied over an
extremely wide range of experimental parameters.

ngnhtabove: The development of a ve
high-power laser to prod,ucefoulses in the
megawatt range is a project for this graduate
student working with Professor Ross A.
McFarlane.

Right: A tunable semiconductor |aser is being
deVeloped in research sponsored hy Professors
Joseph M. Ballantyne and Chung L. Tang.

Tunable infrared lasers that have planned
application to tunable laser sge,ctroscopy and
aser-induced ch mlstr}/ are elﬂ developed.
This work_is Interdisciplinary, with’joint ,

articipation of facum{ members and students in
he graduate Fields of Electrical Engineering,
Chemistry, and Applied Physics.

Nonlinear optics is a relatively new field of
research that became imporfant with the ad,v%nt of
lasers. With the a,va|lab|llt¥ of such intense light
sources, the nonlinear optical properties of Solids,
liquids, and gases have become accessible to
detailed eéf)enment,al study; for example, the
corresponding nonlinear susceptibilities of many
crystals have now been measured. The
information obtained has led to an improved
understanding of these materials and'to an
increasing number of applications of ,
technolo?mal mgortance, such as in harmonic
Penerato s, tunable optical oscillators, and
requency 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, programs are_under
way.to develop nonlinear and active thin-film
devices that are compatible with integrated
optical systems, New thin-film lasers, “harmonic
generators, and tunaple oscillators that utilize the
advanta%es of periodic structures and optical
waveguides to provide previously unattainable
erformance are under development. The.
ab,oratom{, growth of semjconductor materials for
active optical devices is being studied.
Related research on materials for active thin-film
optical devices centers on electroluminescent
metal-insulator-semiconductor (MIS) ,
structures; the objectives are to obtain information
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on recombination mechanisms, interface states,
barrier energies, and current transport and to
make efficient MIS devices. Opportunities for
numerous design pIO{ECtS arise in this and related
work; for example, in the development of
electrochromic films for displays.

Faculty members involved in these various

research efforts are J. M. Ballantyne, R. A

McFarIan% C L Tanﬁ;, and G. J.'Wolga. Among

recent publications in'this area are:

Davis, C. C., and McFarlane, R. A. 1977.
Lineshape effects in atomic absorption
s%elcgroscopy. Journal of Quantum Electronics

18:151.

Dutta, N, Wamer, R. T. and Wolga, G, J. 1977.
Sensitivity enhancement of a Spin-flip Raman
laser absorption spectrometer through use of
an intracavity absorption cell. Optics Letters

1:155.
Long S. |, Ballantyne, J. M., and Eastman, L F
1974, Steady-state liquid epitaxial growth of
GaAs. Jourrial of Crystal Growth 26:13.
Tan% C. L, Kreismanis, V: and Ballantyne, J. M.
1976, nge band eIectro-oPncal tunmﬁ (()J
semiconductor lasers. Journal of Appiie
Physics 30:113.

The Arecibo laboratory in Pyerto Rico is.
available for graduatework in radiophysics.
This photograph shows the largest antenna of
the giant radio-radar telescope: 96 feet long
and'weighing almost 10,000 pounds, it hangs
from a tnangular support structure some s00
feet above the 19.8-acre spherical reflector.
Acc ?s to the ?Iatform IS q a 700-foot catwalk
(visible at right) and a cableé car.

96

Radiophysics and Geophysical Plasmas

In this area both remote probing with radiowaves
and jn situ probing from satellites and rockets are
used to investigate the properties of geophysical
plasmas and the neutral atmosphere.

Current topics of study include the interaction of
the solar wind with the Earth's magnetosphere
and resultln,% %Iectnc fields and convection
processes In the magnetosphere, ionosphere,
and neutral atmosphere; é)ossmle relationships
between solar activity and the weather,; _
photochemical procésses and their incorporation
into models of the maqnetospheres, of the Earth
and Jupiter; dynamical processes in the
lonosphere and coupling to the magnetosphere;
plasma instabilities in the ionpsphere and”
ma\gnetos here; scatt?nn of electromagnetic
waves by both unstable pfasma waves and the
weak random density fluctuations present even in
stable spl,asmas; and’scattering from turbulent
regions in the neutral atmosphiere.

Some of this work utilizes data from the giant
radar installation &whmh has an antenna diameter
of athousand feet and a 2.5-megawatt
transmitter) operated by Comell'in Arecibo, Puerto
Rico, under contract with the National Science
Foundation. Research Is also performed at a
similar large radar installation near Lima, Peru,
and auroral research is being done with a smaller
aadar in Itha}fa, ?ome work Jn the systems aTrea IS

evoted to developing efficient techniques for
Brocessmg the vast quantities of data produced

y these radar measurements. Related theoretical
reésearch includes numerical simulations of certain
plasma interactions and wave propagation
phenomena.

An active grogram involving. rocket- and
satellite-borne’ experiments’is in progress;



particular emphasis is JJIaced on stydies of
plasma instabilities an wave-ﬁartlcle Interactions
Elthe upper atmos Pere.(ﬁ)c et Jaunchings have

een made or are Banne rom sites In Peru,
Brazil, India, Scandinavia, Greenland, Wallops
Island, and Antarctica.

Other research is concerned with the often
urbulen‘]mlcrostructure of the neutral atwos here
troposphere, stratosphere, and mesosp ereg,
winds and wave structures in the neutral
atmosphere, and the study of these using
electromagnetic probing techniques.

Many of these investigations require the
development of remote-sensing instrumentation,
data-processing electronics (for both on-board
and laboratory installation), and other specialized
measurement, control, angl navigation equipment.
The design and construction of such devices
provides ample opportunity to develop
state-of-the-art engineering expertise.

R Bolgiano, D. T, Farley, M. C. Kelley, E. Ott, and

R. N. Sudan are involvéd in these research efforts.

Recent theses and papers in this area include:

Costa, E. 1978. Aspects of the linear and
nonlinear development of equatorial _sPread F
with aPphc,atlons to ionospheric scintillation.
Ph.D. thesis (M. C. KeIIe%/. o

Kelley, M. C. 1978. The eafth's electric field.
Engineering: Comell Quarterly 13(2): 15.

Keskinen, M."1978, Numerical simulation and
theorY of stronngonosphenc radient-drift
turbulence, PhD. thesis (R. .Sudan&. A i)a7per

based on this research was_published in 1977
_In Physical Review Letters 38:966.

Vickrey, J. F 1978. Incoherent scater _
measurements of the motions of Fh and Ch in
chelt05)5|de ionosphere. Ph.D. thesis (D. T.

arley).

Semiconductor Materials for Electron Devices

Graduate research in this area emphasizes the
growth, characterization, and processing of
materials for microwave and optical devices.

Several liquid-phase epitaxial semiconductor
growth stations, each with laminar airflow filtering,
and a vapor-phase epitaxial station are available.
A molecular-beam epitaxial %rowt_h station —the
first of its kind at any univers )ﬁ_ is part of the
recently established National Research and
Resource Facility for Submicron Structures at
Comell. In the molecular-beam method of
semiconductor %rowth, streams of atoms or
molecules are shot at a seed crystal f?ce in fl
vacuum chamber, Pr,oducmg extremely thin layers
with fine_control of thickness, and very smooth
layers without defects. Crystals of gaflium

Satellites and sounding rockets, such as this
Dual Hawk shown on & launch pad in India,
carry Cornell instruments into the near-Earth
reglons of space. Research in this area is under
the supervision of Professor Michael C. Kelley.

arsenide, indium phosphide, and such alloys as
aluminum gallium arsenide are grown with
state-of-thé-art levels of purty ifa
3,200-square-foot clean room that was financed
by grants from ten United States companies.

The semiconductor materials are tested
electrically to determine electron density and
mObI|It){; other phxsmal and chemical properties
are tested by such techniques as
hotolumingscence measurement and
gcondary-Ion mass Spectroscopy.

97



semiconductor electron devices such as
microwave field-effect transistors and Gunn and
avalanche devices, as well as lasers and light
detectors. Equipment provided at the national
s??hmlckr_or& facility is particularly useful in projects
of this kind.

Professors L. _E Eastman, J. M. Ballantyne, and C.

A Lee, and Research Associate C. Wood are

&nnu ally responsible for the work cam?,d out in
IS area.”Among recent theses and publications

are;

Ip, K. I 1978, High purity indium phosHhide for
microwave electron devices. Ph.D. thesis (L. E
_Eastman).

Kimura, A, and Lee, C, A. 1975, Effect of thermal
etching on silicon epitaxial growth by vacuum
sublimation. Solid-State EleCtronics "18:901.

Law, H. D. 1977. Interband scattering effect on
secondary ionization coefficients 0f GaAs and
the related technological development. Ph.D.
thesis (C. A. Lee). ,

Lawrence, D. J. 1977. Electric current controlled
liqui_phase epitaxy of GaAs on N and
semk-insylating 3u strates: Browth, rameters
and doping modulation. Ph.D. thesis (L. F
Eastman).

Lawrence, D. J., and Eastman, L. E 1978. Use of
current controlled GaAs L.RE. for optimum
dopmg EJFOfHES in LSA diodes. Electronics

LetterS 14:77.

Pearsall, T. P, and_Lee, C. A 1974. Electron
transport in ,ReQ&: DC conductivity and Hall
effect. Ph){SIC&ﬂ eview B 10:10.

Wrick, V. L; 1o, K. T: and Eastman, L E 1978.

High purtg LPE InP Journal of Electronic
Materials 7:253.

Wrick, V L; Scilla, G. J.: Eastman, L. E; Henry, R
L and Swiggard, E. M. 1977, Effects of baking
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Above: This molecular beam epitaxial growth

system is used to grow GaAs and related

semiconductor materials for electronic devices.

Ehlst research is directed by Professor Lester F
astman.

Right above: Laboratories with humidity and
temperature control and filtered air are
provided for work, such as crystal growth and
semiconductor processing, that requires
clean-room conditions.

Right: Anion implanter is used by Professor
Charles A. Lee (at right) and a graduate student
fcfr rocessing semiconductor materials into
electron devices.

time on LPE InP: ﬁurity and morphology., In

Pr?ceedln s f bt mternatlgnals mpoglum on
gallum arsenide and relate com}goun S, pp.
5-40. London: Institute of Physics.



[-aculty Memoers ana ineir

Research Interests

Paul D. Ankrum, B.S.E.E. (Indiana Technical), A.B.
(Ashland), M.S, (Comell): solid-state devices,
power elect‘onlcs

Joseph M. Ballantyne, B.S., B.S.EE. (Utah), SM.,
Ph.D. (MLT.): optoelectronic materials and
devices, integrated optics

To,b)( Berger, BE. (Yaleg, M.S., Ph.D, gHarvard):
Information processing, communication theory

Ralgh Bolgiano, Jr., B.S., BEE., MEE., PhD.

é ornell’% trqposRherlc radiophysics,
ommunication theory

Nelson M. Bryant, E. E., M.E.E. (Cornell):
electronic Circuits, instrumentation

Robert R. Capranica, Ch.E., B.S. (California,
Berkeley), M.S. (New York University), Sc.D.
(M.LT): "bioelectronics, pattern recognition

Herbert J. Carlin, B.S., M, .(Columblaﬁ, DEE,
Ph.D. (Polytechnic Institute of Brookiyn):
microwave circuits, network theorP/

G. Conrad Dalman, B.EE. (City College of New
York), MEE., DEE. (Polytechmc Institute of
Eggo[%[byn): microwave sofid-state devices and

ircul

Lester E Eastman, B.EE., M.S., Ph.D. (Cornell):,
microwave solid-state devices, gallium arsenide
,te,chmaues, , ,

William H. Erickson, B.S., M.S. (Carnegie Institute

The annual spring picnic of the School of
Electrical Enqln_eenng, held on campus in front
of Phillips Hall, is atténded by upperclass and
graduate students and faculty and staff
members.
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mst| rumentation

Donald T Farley, B.E.R, Ph.D. ( Cornell)

ionospheric physms radio pro aga |on

TerrenceL Fine, B.EE. (City College of New

Ph.D. (FIarvard) deC|S|on theory,
pattern classmcatlon

Jeﬁre){ rey, B.EE. fCornell) M.Sc., Ph.D.

Ca ifornia, Berkeley): microwave solid-state
devices, |nte rated electronics

Daniel W Flammerstrom, B.S. (Montana), M.S.
(Stanford), Ph.D. (llinais): computer System
performance evaluation and analysis,
computer architecture

Willlam J. Heetderks, B.S., M.S., M.SE.E., PhD.

r'twrltcehl ans) bloelectrontcs information coding

I neura

Michael C. Igllley B.S. (Kent State), Ph.D.
(California Berke ey) space plasma physics,
rocket and satellite hstrumentation

Myunghwan Kim, B.S. (Alabama) M.E., Ph.D.
(Yale): bioelectronics, control theo N)/

Walter Ku, B.S.E.E. ( Pennsglvanla E.E., Ph.D.
(Polytechnic Institlite of Brooklyn): active
networks, digital circuits

Charles A Lee; BEE SRensseIaer)l PhD.
(Columbia): solid-state physics nd ewces

Richard L. Liboff, A.B. (Brooklyn College),

(New York Untversny) pIasma physms
electromagnetic theorg

Simpson Linke, B.S., M.E.E. (Cornell): energy
systems, high-voltage phenomena

Ross A. McFarIane B.Sc. (McMaster), M.Sc.,
Ph.D. (McGill): lasers, atomic and molecular
sp ectrosc%n

Henry S. McGaughan, B.S.E. (Michigan), M.EE.
(CorneII) network and communication theor Dy

Payl R. Mcl aaﬁ BEE. Corne)] M.SE. Ph
Michigan): electromagnetic theory, microwave
cncuns and devices
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London) plasma physics, high-energy electron

Ber/t_)amm Nichols, B.E.E., M.E.E. (Comell), Ph.D.

aska educatlonal fechniques

Edward S. (Cooper Unlon) M.S., Ph.D.
(Pontechnlc Institute of Brooklyn): plasma’

hys
Ct?nsytopher Pottle, B.E. éYaIe() M.S., Ph.D.
|II|n0|s) computer-aided design, network

e

JosephyL Rosson, B.S. (Tennessee) M.EE.
(Comell): power engineering, instrumentation

Ravindra N. Sudan, BA, (Punjab, India), M.S.
Indlian Institute of Science), D.I.C. (Imperial
ollege, London), Ph.D, (London): plasma
phy5|cs electroma netic waves

ChunP Tan1q ashington), M.S. (California
Insfitute of Technology), PR.D. (Harvard): lasers,
uantum electronics

Robert J. Thomas, B.S.EE., M.SEE. PhD.
(Wayne State) applications of control theory to
power s

James S. ¥hor B.EE., M.S., Ph.D. (Cornell):
optlmlzatlon and control theory applications to
power systems

HwaC un% Torpg, B.S. (National Taiwan), M.S.,
Ph.D. (Cornell): computeren?meenn
mlcrocomputersgstems digital circuits

Norman M, Vrana, B.EE. (New York University),
M.E.E. (CorneII switching theory, central
processor design, mlcmﬁrocessorsystems

Charles B. Wharton, B.S., M.S. (California
Berkeley) pIasma physics, mlcrowave

dia

Edwa%d D. Wolf B.S. (McPherson) Ph.D. (lowa
State): fabrication and diagnostics of
microsfructures

GeorgeJ Wolga, B.E.P (Comell), Ph.D. (M.LT.):
asers, atomic physics

Further Information

Members of the faculty welcome inquiries about
the various graduate programs and research
[0] ects These may be addressed to the
ra duate Faculty Representative EIectncaI
Engineering, Comell University, Phillips Hall,
Ithaca New York 14853.



Geological
Sciences

The geological sciences are currently
experiencing a period of maJ[or new insights,
developments, and growth. The e{f%cts of the
rapidly increasing consumption of the world's
minera| and ener?y resources and demands for
an environment of quality have caused society to
seek geological solutions to many problems.
There'is also an increasing awaréness of major
9eologlcal hazards sucp as,eartqcﬂuakes an
olcanic eruptions. Exploration of the moon, the
planets, and the oceans has provided a wealth of
new scientific information. The concept of plate
tectonics has provided a framework for
understanding many previously unexplained
geoloqlcal phenoména. Quantitative answers to
many Tundamental questions appear within reach.

In recognition of these major new developments in
geology and of the corresponding promise of this
Science, Cornell has been reorganizing its
DeYDartment of Geological Sciences during the
1970s. The faculty has been expanded, new
facilities have beén made available, and a _
number of new proHrams have been developed in
cooperation with other departments, Major
Innovations in curricula and research have been
introduced.

The graduate Field of Geological Sciences
includes, in addition t degartment members,
faculty members of other departments who
maintain an active interest in geological problems.
There are approximately forty"graduate students,
all of whom Far_tlupate In oné or more of the
research activities of the field. Programs leading
tothe M.S. and Ph.D. degrees are avallable;
major fields of study may”be chosen from a variety
of specialties including geology, economic
geology, geochemistry, geom r_pholog){,
geophysics, geotectanics, marine geology,

mlneraloglx paleontology, petroloq%/, physical
ge,ologY, lelstocene %eology, rock mechanics,
Seismology, stratigraphy, and structural geology.
In al| areas thehe |%a sfrong emphasis on
application of the basic scfences to an
understanding of the Earth and on leaming
through partiipation in research projects.

Because of the many careers available for
geologists, a broad spectrum of talents is
required, and the Field of Geological Sciences af
Cornell seeks graduate students with a variety of
interests and backgrounds. Previous training in
geolog)(J is not required of applicants who have
Strong backgrounds in the basic sciences or
engineering. A graduate student mazf be involved
ananly in field"studies, or in theoretical work
requinng analysis, mathematics or a computer, or
in laboratory studies that utilize sophisticated
instruments of high precision and sensitivity.
Possible employers include the energy and
mineral industries, environmental and engineering
firms, many branches of the federal and State
governments, and educational institutions.

Facilities

Most qeo_loglcal sciences classrooms,
laboratories, and offices are located in Kimball
Flail on the Engineering Quadrangle. Here the
department has outstanding colléctions of
minerals, rocks, and fossils, and a large library of
seismograms from the World Wide Standardized
Seismograph Network and from other stations.
Amon? he facilities are a [qeochemlstry
[aboratory arock(-Pr parafion laboratory, an
instrument shop, darkrooms, x-ray machines, a
petrographic laboratory, and a paleontological

101



102

Basic research instrumentation available in
Kimball Hall includes mlcroscorﬁ)es, a
permanent seismograph station, and (at left)
equipment for measuring sound velocities in
core samples.

laboratory, More specialized equipment includes
fransmission electron microscopes, a
high-pressure-and-temperature creep apparatus,
internally heated diamond,_ anvil pressure cells, an
electron'microprobe, facilities for neutron
activation and counting, portable analqg and
digital seismographs, ]%rawty,meters, tifmeters,
and magnetometers. The varied collection of
computing equipment includes an electrostatic
Ploiter, a m|croprocessor-controlleﬂ di |t|ﬁ|n

able, a microcomputer system with grap
an interactive terminal for the University's main
IBM 370 computer system.

(cS, and

Recent field projects have been carried out at a
wide variety of sites, including Indonesig, the
Philippmes, Fiji and the New Hebrides, the
Aleutian islands, Greenland, Iran, the Rhine
graben, the Scottish highlands, and several parts
of the United States and Canada. Graduate =
students participate in cruises on oceanographic
research vessels. The field proLects are varied
and expanding, and the outlook is global in
scope.

Areas of Research

The major unifying themes of research activity are
plate tectonics and continental evolution. These
concepts are being explored and developed at
Comell through théir relation to economic
geology, geo esy{, eomorphology, girawmetry,
paleontology, petrofeum geology, petralogy, fock
mechanics, seismology, Structiral geoloqy, and
stratigraphy, among other specialized figlds.

Current research projects include, for example,
comprehensive mvestlgatlons of the tectonics of
the gcean trenches angl island arcs. ,Amon1g these
studies are: seismological mves_tl?atlons of the
subducted lithosphere utilizing field observations;
geological studies of the accretionary prism of
Sediments landward of trenches on @ number of
island arcs, Integrated with seismic and anImF] ,
programs; studies of ancient melanges; petrologic
?tt@es (?f |%Iand arc volcanic rocks, inclu mg

leld and laboratory work; qua.ntltatlve studies of
vertical tectonics adjacent to island arcs, involving
observations of exposed beaches and terraces;
and complementary theoretical studies of the
mechanics of subduction.

Cornell is the operating institution inthe
Consortium for Continéntal Reflection Profiling



(COCORP), a major United States research .
project being carried out with other universities,
companies, and government a%enmes. The object
is to determine the ﬂ]eoloeglcal S rUftur,e of the
continental crust using seismic reflection
techniques develope b){ the oil industry.
Graduate students have the opportunity to
participate in the field work, data pro,cessm%, and
data mterPretatlon phases of this pr(%Jec,t. ThiS IS &
major part of a developing program for integrated
studies of the continental crust:

Studies are heing carried out to understand the
history of surface rocks that have originated in the
deep’crust and upper mantle. Examples are rocks
associated with kimberlites, native iron deposits,
and platinum-group metal deposits. There',
are indications, for example, that some native iron
samPIes h?d a deep origin an,(a may, represent
accretional material not assimilated’in the core.

Deep-crustal and upper-mantle electrical
conductivity experiments are being carried out
with the use of controlled electromagnetic sources
and natural %eomagnet|c fluctuations. These
studies are alsp being applied to the San Andreas
fault, as part of the national earthquake-prediction
program.

A combined field, laboratory, and theoretical
study is focused on the structure of faults. Faults
that have been eroded to various depths are.
being investigated; measurements of grain sizes
and dislocation densities are being used to infer

In a cooperative project to study the geological
structures of the deep continental crust, |
truck-mounted vibrators are used to obtain
seismic data. Graduate students (at right) work
with Professors Jack E. Oliver and Sidney
Kaufman in studies of the seismic profiles.



aleostress and temperatyre, levels. The basic
r%echamcs otr?aultmé) are %emg studlede.

High-pressure, high-temperature laboratory creep
experiments are being used to develop a basis for
the analysis of field samples. Defects in minerals
that have been deformed both naturally and in the
laboratory, and also phase transformations, are
s‘udled by transmission electron microscope and
electron microprobe techniques.

For studies of the Earth's interior, minerals are
subjected to pressures and temperatures . _
comparable to conditions in the deep Interior. This
is done by squeezing the minerals in diamond
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Fieldwork in the Mohawk Valley yields fossils
400 million years old of trilohités, crablike
organisms whose evolution is being studied.
This graduate student is working with
Professor John L. Cisne on the grOJect.
High-resolution radlograph)(] was one of the
techniques used to obtain the image, at right,
of apyritized specimen about 4 cm' long.

cells and heating them with laser beams. Data
collected by x-ray diffraction, optical
observations, electrical resistance. measurements,
and other techniques are used to interpret the
constitution of the Earth's interior.

An understanding of recent crustal movements is
sought in a program mvolvm%anal sis of leveling
observations throughout the United States, and
correlation of such'data with seismic and
geological information.

Many other research programs are being carried
out jn the figld. These include studies on'the
ecology and evolution of fossil organisms, the



development of new ways of using fossils in
%ﬂeochemmtr , studies of the V|k|n,g missions to

ars, and studies of the mechanical and thermal
evolution of sedimentary basins.

Recent publications include; o

Bird, J. M., and Weathers, M. S. 1977. Native iron
occurrences of Disko_Island, Greenland.
Journal of Geologé 85359, ,

Bloom, A. L. 1978. Geomorphology: a Systematic
analysis of late Cenozoic landforms. Englewood
Cliffs, N. J.. P[ance-HaII.

Brown, L. D.. Reilinger, R E.; Holdahl, S. R.; and
Balazs, E. . 1977. Postseismic crustal uplift
near Anchorage, Alaska, Journal of
.Geophysical Research 82:3369.

Cisne, J. 1L, and Rabe, B. D. 1978, ,
Coenocorrelation: gradient analysis of fossil

communities and iS applications in stratigraphy.

Lethaia 11:341, _

Isacks, B. L, and Barazangi, M. 1977. Geometry
of Benioff zones: lateral Segmentation and
downwards bending of the subducted
lithosphere. In Island arcs, deep sea trenches,
and back-arc basins. Maurice Ewing series, no.
1. Washington, D.C.. American Géophysical

Union.
Karig, D. E.. Caldwell, J. G.; and Parmentier, E. M.
1976. Effects of accretion in the downgoing

plate. Journal of Geophysical Research 8176281.

Kay, R W. 1977. Geochemical constraints on the
origin of Aleutian magmas. In Island arcs, deep
sea trenches, and back-arc basins. Maurice

Fieldwork is carried out at maney locations
around the world. Above: Professor Daniel E.
Karig works along streams on an Indonesian
island to&ather ata forfgeologlcal mapping.
nght: a 3b-day western feld trip course'is
offered by the department.

hh
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Left: A %raduate student studies seismological
data obtained in figldwork in the New Hebrides.
The project, one of a number in geophysics, is
supervised by Professor Bryan L Isacks.
Left below; An x-ray machine is part of the
equipment used by Professor William A
Bassett in studies of minerals under conditions
comparable to those in the Earth s deep
Interior. High pressures and temperatures are
gglng\sled with use of diamond cells and laser
Below: Professor Donald L. Turcotte (third from
left) supervises research on convection
processes in the Earth. The model was used to
simulate geothermal reservoir circulations.
Right: Turcotte’s research also includes studies
of voicanism on Earth and the other planets.
This Viking image of Mars shows huge.
volcanoesas much as 24 kilometers high.



Ewing series, no. 1. Washington, D.C.:
American Geo&hysmal Union.

Kohistedt, D. L.; Geotze, C.; and Durham, W. B.
1976. Experimental deformation.of olivine single
crystals with application to flow in the mantle.”In
The physics and chemistry of minerals and
rocks, ed. R. G. U. Strens, pp. 35-49. London:

lley.
OIiver,yJ. 1978. Exploration of the continental
basement by seismic reflection profiling. Nature

Oliver, J. E., and Kaufman, S. 1977. Complexities
of the deep basement from seismic reflection
proflllng. In The Earth's crust, ed. J. Heacock,
Bp. 243-253. Monograph 20. Washington,

.C.. American Geophysical Unian. _

Rhodes, E H. I, and Austin, R, L. 1977. Ecologic
and zoageographic factors in the
biostratigraphic utilization of conodonts. In
Concepfs and methods of biostratigraphy. New
York: Halstead. ,

Travers, W. B. 1978. Overturned Nicola and
Ashcroft strata and their relation to the Cache
Creek group, southwestern Intermontane Belt,
British Columbia. Canadian Journal of Earth
Sciences 15:99.

Turcotte, D, L., and Ahern, J. L 1978. A porous
flow model for magma ml?ratlon inth
astheno%phere. Journal of Geophysical
Research 83:767.

Wilburn, D. R, and Bassett, W. A, 1977.

Isothermal compression of magnetite (Feb04) up
to 70 kbar under Wdrostanc canditions. High
Temperatures-High' Pressures 9:35.

Cornell js situated.in a region especially good
for studies in stratigraphy and glacial erosion,
Also, the Ithaca area is one of the few places in
the world where kimberlites have been found.



Faculty Members and Their

Research Interests

William A. Bassett, B.A. (Amherst), M.A., Ph.D.
(Columbia): optical mlcr,osco,p)({ x-raY _
diffraction, light absorption, light scattering and
electrical resistance studies & h(llgh pressures
and temperatures using diamond cells and
other techniques

John M. Bird, B.S. (Union), M.S., Ph.D.
(Rensselaer): geotectonics, plate tectonics,,
orogeny, econamic geology, ophiolites, origin of
terrestrial metals, ?eology of the Appalachians,
paleostress indicators. ~~.

Arthur L Bloom, B.A. (Miami University), MA.
(Victoria, New Zealand), Ph.D. (Yalg)’
geomorphology, Quaternary tectonics and
Sea-level changes (especially in uplifted
coral-reef terranes), Holoc n? sea—l(?vel
changes, coastal geomorphology, ag acial .
geomorphology and stratigraphy, denudation
rates, panetarg surfaces © .

Larry D. Brown, B.S, (Georgia Institute of
Technology), Ph.D. (Cornell): exploration
seismology, deep structure of continental crust,
recent cfustal movements, digital signal
processing ,

John L.Cisn€, B.A. (Yale), Ph.D. ‘Chlcago):,
invertebrate paleontology, evolutionary biology,
population and community paleoecology,
stratllg_;raphy, arthropods ,

Bryan L. Isacks, A.B., Ph.D. (Columbia):
Seismology, tectonics, mantle earthquakes and
subduction of the lithosphere, observations of
surface deformation related to large shallow
earthquakes, seismotectonics of iSland arcs of
the Southwest Pacific

Daniel E. Karig, B.Sc., M.Sc. (Colorado School of
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Mines), Ph.D. (Scripps): marine g?eology and
geophysms, structural'geology ot orogénic
elts, marginal basins, geomechanics
Robert W. Kay, A.B. (Brown), Ph.D. (Columbia):
etrolo?y, geochemistry, application of
race-element and isotope geochemistry to the
petrogenesis of igneous rocks

David L. Kohlstedt, B.S. gVaIparals,o)_, Ph.D.
(llinois): hlgh-tem erature plasticity of rocks
and minerals, study of stress-levels along faults,
electron mlcroscogy of defects in minerals

Arthur F Kuckes, B.S."(M.LT.), Ph.D. (Harvard):
geoghys_lcs, eomagnetism, electrical

onductivity distribution in the Earth and moon,
analysis of crustal flexure and Prawty

George H. Morrison, B.A. (Brooklyn College),
M.A., Ph.D. (Princeton): analytical ,
geochemistry, trace-element'abundances, ion
microprobe Studies _

Jack E. Oliver, B.A, M.A., Ph.D. (Columbia);

e pm/sms, eotectonlc?, r?cent vertlcdal
qvements, deep crustal reflection studies

Frank H. T. Rhodes, B.Sc., Ph.D. (Birmingham):
invertebrate paleontology, stratigraphy; history
and Phllosophy of geology, conodont

biostrati I’a#JhE

Arthur L. Ruoff, B.S. (Purdue), Ph.D. (Utah):
properties of materials at pressures above one
me?abar, plastic flow phenomena, synthesis of
metallic hydrogen ,

Car| E Sagan, AB., S.B., SM., Ph.D. (Chicago):
physics and chemistry of planetary
afmospheres and surfaces, spacecraft results,
planetary geomor hology

Dw’ﬁht Sangrey, B.S. (La a¥:eztte), M.S. . ,
(Massachusetts), PAD. omellz: soil behavior,
soil dynamics, marine and coastal
geotechniques, soil-structure interaction,
probabilistic modeling

William B. Travers, B.S., M.S, (Stanford), Ph.D.
(Princeton): structural geology, tectonics,

petroleum geology, sedimen

Donald L.Turcotte, B.S. (California

Technolo ]) M.S. (Cornell),
Institute 0 echnolo%

): geophy:

lo
' q%stitute of
Ph.D, (California

SICS,

geomechanics, mantfe convection, convection

In porous media

H
gPacecraft imagery
p

physics

Further Information

anetary and satellite Surfaces

Jo egh Veverka, B.S, M.S, §Oueens?, M.A., Ph.D.
vard); planeto[ogyﬁ interpretat

on of
and morphology of

Ouestions about the graduate program in

ra
Sciences, Cornell University, K
New York 14853,

%eologlcal sciences may be addressed to the
duate Facult){ Representative, Geological

imball Hall, Ithaca,



Materials Science
and Engineering

The graduate Field of Materials Science and
Englneermg at Cornell provides the opportunity to
undertake research and study in the area of
materials to students with widely differin
undergraduate bafkgrounds. The forty-five
studerits now enrolled in graduate programs have
undergraduate degrees in physms, applied
physics, and mechanical, mefallurgical, chemical,
gg% neégctncal engineering, as well"as in materials

Much of the, research in this field of study is
conducted in connection with the interdisciplinary
Materials Science Center, the largest such
university center suPPorted by the federal

overnmient. One of the pur?oses of the Materials

cience Center is to suppor Iarge central facilities
that make available to every student and faculty
member modem, and ofteri very expensive,
equipment. The center also provides financial
assistance for graduate students through
research assisantships.

In addition to research-oriented M.S. and Ph.D.
grograms in the graduate Field of Materials
cience and Engineering, a one-year professional
Maste{ cg| Enginéering (Materials) degree program
Is available.

Facilities

Laboratories and equipment are located in Bard
and Thurston Flails, on the engineering campus,
and in Clark Hall of Science, which houses some
of the University's physics groups and most of the
Materials Scierice Center facilities.

The extensive facilities available at Cornell make
possible a variety of research in materials
science. For example, a 50,000-pound
electrohydraulic materials-testing system enables

researchers to test engineering specimens of
high-strength materialS under Various loading
conditions, including ﬁychc lpading of any
arbitrary wave form."This testing system *
complements various Instron tésting machines to
provide a broad capability for studying
macroscopic mechanical behavior'of materials.

For other types of investigation there are available
four field-ion mlcros,coges, seven electron.
MICIOSCOpeS, hlgh-ﬁel magnets, x-ray diffraction
equipment including a high“intensity source,
ultra |?h-vacuum agPara us, low-energy electron
diffraction and Au? Spectroscopy apparatus,
high-pressure systems, ultrasonic equipment,
cryostats, re3|dual-%as mass spectrometers, I,
sputtering equipment, and various Tpleces of
oPncal and electronic equipment. The properties
of materials can be probed down to the

atomic scale.

The electron microscopes that graduate students
in the field may use are located"In two
laboratories. | Clark Hall there are AEI EM 802,
Siemens Elmiskop 1A, and Hitachi HU 11A
microscopes. In Bard Hall there are JEM 200-keV,
Siemens 102, and AEI EM6G microscopes, as
well as an AMR 900 scanning electron _
micrgscope. These instruments are equipped with
special stages, such as two-directional tilting
stages, a liquid-helium stage, a high-temperature
stage, and a tensile-straining stage, for various
special applications.

Areas of Research

A wide ran?e of research projects is available to
graduate students. Faculty members are
continually developing new areas of materials
research; for example, during the past several
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Above: Equipment in the Materials Science
Center facility in Bard Hall includes this
high-resolution Siemens 102 electron _
microscope used here by a graduate studentin
materials science and engineering. This
microscope has providedimages with [ine
resolution of 2 angstroms.

Right: A radio frequency sputtering apparatus,
IS0 W Bard Hall, |? used for the fabrication ?f
thin-film metals, alloys, and ceramic materials.
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years projects were started on catalysis, ceramic
oxides, amorphous materials, biomaterials,
materials for energy storage, and laser
holography. Some 0f the Current research areas
are described briefly in the following paragraphs.

Imperfections in Solids

In an extensive research Program supervised by
D. N. Seidman, point defects and their
Interactions are being stydied in irradiated metals

%%/ means of field-ion"and atom-probe microscopy.

e field-ion microscope (FIM), with its atomic
resolution, allows the direct observation of
indjvidual 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 usmP an atom-probe FIM. This
instrument allows the determination of the

charge-to-mass ratio of a single, preselected
atom"appearing in the FIM image, Since the
operation of the atom-probe FIM is controlled by a

ova 1220 computer, It is possible to gather and
analyze a statistically significant quanfity 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, as well as
segregation problems, Areas of research are:
1)"the point-defect structure of depleted zones in
eavy-ion irradiated refractory metals and
order-disorder allgys, (2) the Tadiation-damage
profiles in order-diSorder alloys, $3) the diffusivity
of helium and hydrogen in refractory metals, (4)
the rﬁnge rofile_of Iow-enqrg{y impfanted helium
and hydrogen, ?59 nonequiliBrium segregation to
voids In ion- or neutron-jrradiated refractory
metals and alloys, and (16) segregation to grain
boundaries or Stacking faults.



Work with highly perfect crystals is proceedlnﬁ
under the supervision of B”W. Batterman. Wit
these crystals internal x-ray crystal interfaces can
be observed, and the technique is being used fo
obtain independent measurements of the atomic
form factors of elements that can form structurally
gerfect crnystals. Inrecent dglnaml%al diffraction
tudies an experiment was devised by which the
site of an impurity atom in a host lattice could be
determined. Experiments under wa¥],are,deS|gned
to use s ncnrotron x-r?glatlog asa] igh-intenSity
source for the study of boun a% electron
distributions and anharmonic vibrations in solids.

High-resolution ege,ctron microscopy, includin
weak-beam and direct-laftice imaging techniques,
is belnP used by researchers in D. L"Kohlstedt's
group fo examinie In detail defects in minerals and
ceramics. Structures being analyzed by
high-resolution methods include the interfaces

etween fine rPrempltat?s and an enstatite matrix,
the separatjon of partial dislocations in olivine
and possibly the distribution of vacancies i the
transition-metal carbides.

Recent publications and theses (listed with the
supervising professor) in the area of imperfections
in solids include:

Golovchenko, J.: Bafterman, B. W.; and Brown, W.
L. 1975, Observation of internal x-ray wave
fields with an application to m&ur% lattice
location. Physical Review B  10:4239.

Hall, T. M. Wagner, A: and Seidman, D. N. 1977.
A computer-controlfed time-of-fiight atom-probe
field-ion microscope for the study of defects in
metals. Journal of Physics E: Scientific
Instruments 10:884.

Kohlstedt, D. L, and Van der Sande, J. B. 1976.
On the detailed structure of ledges in an
augite-enstatite interface. Election Microscopy

The study of imperfections in solids_is.a major
area in materials science research. This
mlcro%ra_ph showing a grain boundary parallel
to thethin crystal surface in gold was obtained
with a 200-keV electron microscope.

in Mineralogy, ed. H. R. Wenk, pp. 234-237.
Berlin: Spriri er-VerIa%

Roberto, J., Batterman, B. W.; Kostroun, V. and
Appleton, B. R. 1975. Positive jon-induced
Kossel lines in copper. Journal of Applied
Physics 46:936. o

Seidman, D. N. 1978. The study of radiation
damage on metals with the field-ion and
%ogng—grobe microscopes. Surface Science

Van der Sande, J. B, and Kohlstedt, D, L. 1976,
Observations of dissociated dislocations in

deformed olivine. Philosophical Magazine
34:653

Wagner, A. 1978. An atom-probe field-ion
|Frosco e stud% of the r%nge and diffusivity of
elum intungsten. Ph.D. thesis (D. N.
S_e|dmanf. _ _
Wei, C.-Y, 1978, Direct observation of the
point-defect structure of depleted zones in
lon-iradiated metals. Ph.D. thesis (D. N.
Seidman). A paper bgthe same title was
%Jl%|l557hed In 1978 in Philosophical Magazine

Surfaces, Interfaces, and Thin Films

New methods to fabricate thin alloy films of
controlled com%osnmn are being investigated by
D. G, Ast and his students b%,comparm?
experimental output, as determined by efectron
microprobe analysis, with theoretical models. The
structure of thin amorphous and crystalline films is
beln%; studied with the use of high-resolution
electron microscopy.

In a project directed by S. L. Sass diffraction
techniques have been’developed for studying the
structure of %ram boundaries, X-ray diffraction
studies of planar grain boundaries’in thin-film
bicrystal specimens are being carried out in order
to answer the following questions: (1) Is the
boundary structure periodic? (2,}W at patterns of
reIax_Ftlém exist in the bounfiar : 83) What Is the
detalled atomic structure of the boundary? The
x-ray results are being used to check thé vaI|d|t¥
of computer modeling studies of the structure o
rajn boundaries. The possibility of using x-ray
echniques to study the surface’structuré of thin
films is also being explored. D. L. Kohistedt, R.
Raj, and S, L. Sass are collaborating on the use of
electron-diffraction techniques to study the
structure of grain boundaries in ceramic materials.
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J. M. Blakely and his research group are engaged
in studies of various aspects of solid surfaces,
The techniques of secondary-electron (including
Auger) spectroscopy an Iow-energY electron
diffraction, as well as other analytical methods,
are being applied in studies of the phenomena of
surface Oxidation, adsorption, and segregation.
Surface defect structures in ionic systems are
being. mvestlgated, by Kelvin probe’and other
tecfylcieues. emical reactions on surfacgsbof
predetermined structure are being studied by
modulated molecular-beam methods.

A research group under the direction of T. N.
Rhodin is concerned with the physics and
chemistry of chemical bond formation on metal
surfaces. Both valence- and core-level electron
spectroscopes, as well as the field-emission and
field-ion microscopes, are used, to study electron
excitations and stru%ture associated with both
clean and chemisorbed surfaces. Investigations
of atomic composition using Auger spectroscopy
and of surface structure using, LEED-Intensity
anal¥3|s are combined with information on
electron processes to study the microscopic and
atomistic nature of surface reactions. The work on
transition-metal single crystals is concerned with
the kinetic behavior of corrosion-resistant metals;
the studies of platinum-group metals jn the form of
hoth crystals and powders is directed toward
developing a more systematic understanding of
heterogeneous catalysis.

R. Merrill is conducting an extensive research
gro ram on the structUre and properties of solid
surfaces, Including work on a variety of problems
in heterogeneous catalysis. Technigues for
studyln? reactive and nonreactive atomic- and
moleicglar-beam scattering processes are now
available.
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Surface studies include (ab?veg research on
surface segregation and defects in transition
metals and (right) analysis of the low-energ
diffraction paftern from a single-crystal surface
of silver reacting with chlorine.

Typical publications and theses in this area are:

Ast, D. G., and Krenitsky, D. J. 1976. Preparation
of constant composition alloy films by =~
diffusion-limited evaporation; from thé liquid
state. Journal of Vacuum Science and
Technolol%y 13:96%. ,

Blakely, J. M, and Thapliyal, H. V 1978. Structure
and’ phase transition o segre%ned surface
layers. In Proceedings of AS.M. stmposmm on
inferfacial segregation, ed. J. M. Blakely and
W. C. Johnson. Cleveland: American Society
for Metals.



Broden, G., and Rhodin, T. 1976. Photoemission
;‘I)ectrosco y of chemical reactions on
platinum-g ouP metals — chemtsor?tmn of CO
on iridium. Solid State Communications 18:105.

Dionne, N. J. 1975. Field emission energy
%pectrtoscop of the fee pIatlnum group metals.

hesis odin

Ducros, R., an MemII ?76 The interaction

of ox%gen with Pt (110) Surface Science

Gaudlg : Guan, D. Y. and Sass, S, L. 1976.
X-ray diffraction study of large angle tW|st rain
boundaries. Philosophical agazme

Goldfarb . Krakow, W Ast, D."G.; and S|e el,
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Soclety of America, p
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The effects of pulse changes in load on the
growth of crazes and cracks in polymers are
measured in a holographic interferometry
experiment. This reSearch is directed by
Professor Edward J. Kramer.

of grain boundarles and dislocations. Ph.D.
thesis (S. L. Sas
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Thapliyal, H. V. 19 8. Morphology of vicinal

surfaces of nickel and e q[%hhbhum se%egation
of carbbn to Ni(111). Ph.D. thesis (J

Tu, Y Y. %78 Energetics and structures of
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thesis (J. M. Blake I)S)

Tu, Y'Y, and Blakely, J. M. 1978. Chlorine
adsorptlon on A surfaces American Vacuum
Souet March Bp

Unertl, W N,, and akel J. M. 1977. Growth and
g(r:?gertles of oxide fllms on Zn(0001). Surface

Mechanical Behavior of Materials

The influence of hydrogen on the mechanical
gﬁgaﬁ/?g tOdeetﬁels IS undrer stud by H. H. Johnson
IS stu
considering is hydro eﬁ attack on gteeﬁs at high
temperatures where the hydrogen reacts with
carbon to produce methane bubbles at the grain
boundaries. Also under jnvestigation is the ~
diffusion and trapping of hydrogen in the region of
lower temperature and lower concentration, Where
hydrogen embrittlement is prominent.

The design of advanced power- generatlon
systems Tequires better descriptions of the
mechanical behavior of sohds over long gerlods
of time. To meet this need E. W. Hart Is developing
atheory of inelastic deformatlon (both ane astlc
and plastic) in terms of a mechanical equation of
state Constttutlve re atlons have been proposed
th a can be integrated to predict behavior in
mutlaX|a loadin BtaX|a oading experiments are
being performe to validate this theory.



C.-Y. Li and his students work closely with Hart in
establishing experimentally the parameters of
these constitutive relations for a large vanet?/ of
metals and alloys of practical 3|%n| icance. Ina
cooperative program between these two grouPs
and investigators in the Department of Theoretical
and,Apghe Mechanics, methods of engineering
design based on the mechanical equation-of-state
concept are being developed. At the same time Li
Is working to extend this approach experimentally
to fatigue and other situations in which time-
dependent recoverable (anelastic) deformations
are important.

In a related program D. L. Kohlstedt and his
students have found that the mechanical equation
of state de_veIoRed by Hart and Li for metals can
also describe the deformation of ionic and
covalently bonded solids. Transmission electron
microscopy and etch-pit studies yield direct
observations of the dislocation structure, allowing
connections to be made between the
phenomenological parameters of the theory and
dislocation descriptions of deformation.

The high-temperature mechanical behavior of
olivine, the primary mineral in the Earth's uPper
mantle, is a topic of particular importance 1o
geophysicists. Convective flow in the mantle,
which 1o a first approximation can be considered
to be flow of olivine, is coupled to the large-scale
motion of the overlwng lithospheric plates and is
manifested as continéntal drift. D. L. Kohlstedt is
Investigating the relationship between the
Imposed macroscopic conditions of stress,
temperature, and strain-rate used to deform
olivine crystals in his laboratory and the resulting
dislocation microstructures as observed, in the
transmission electron microscope. Confident
application of laboratory creep data qbtained on a
time scale of 104 years to problems involving
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geologic times on the order of 10* years requires
a thorough, und?rstandln of the role of ,
microscopic defects in producing macroscopic
plastic flow.

Studies of two-phase glass-ceramlc systems are
being carried out by D. L. Kohlstedt, R. Raj, and
theirassociates. Kohlstedt's group is mves,ﬂ%atmg
the deformation of glass ceramics under hig
temperature and pressure: these studies have
application to new fabrication methods for
ceramic-hased materials. Raj's group, is
Investigating the kinetics of precipitation of the
ceramic phase in these systems and the effect of
the residual %Iassy phase on deformation and
fracture at elevated temperatures.

R. Raj and his ?roup are also concemned with the
fracture and fatigue behavior of high-temperature
materials such as austenitic stainléss steels,

mckel-basgi sup

ralloys, and silicon nitride. The
understan o? t?me ' ﬁ !
ey

_ n% icrostructural mechanisms
of failure is a key to the optimum design and use
of such materials. These fundamental studies are
being carried out by a combination of
micromechanical mod_elln?, microstructure
analysis, and mechanical testing.

In the area of polymers E. J. Kramer and his
students are determining the mechanisms
resroonsmle for fracture, crazing, and plastic
deformation of polymers bﬁlow the ngl;,lass
transition. A transmission electron microscopy
method of measuring stresses and strains in very
local regions of a craze (within about 1,000
angstroms) has been developed and is being
uséd to, Investigate the mechanical and fractlre
properties of crazes as a function of polymer
molecular weight, molecular origntation, cross-
Imka, and environmental crazing agents, if any.
Smal-angle and wide-angle x-ray scattering, as

well as optical tech,nic%ues such as moire analysis
and microscopic birefringence measurements,
are also important tools In this study.

E. J. Kramer, D. G. Ast, and their students are
collaborating on a project in which holographic
Interferometry is used to map the dynamic strain
fields in the vicinity of growing crazes and cracks.
Ast Is especially interested In"developing
holographic interferometry of very small"areas.

The mechanical properties of annealed Ni-Fe
base metallic glasses are being investigated by
D. G, Ast and his associates. The group has
studied the influence of annealing on fractyre
toughness, crack growth under cYchc loading, the
temperature dependence of the flow stress, and
the anelastic stress-relaxation of coiled ribbons; a
current topic s the properties of shear bands and
the influence of composition on the yield stress.
This program is complemented by x-ray,
transmission, and scanning electron microscopy,
as well as by calorimetric measurements and
measurements of magnetic and electrical
properties to identify %hase changes.

A. L Ruoff has developed techniques for
measuring the yield stress of extremely hard and
strong materials; his group has measured the
geld strength of WC and will study At02, B,C, Si,

bM(, SIC, cubic BN, and diamond. In addition to
elucidating the yielding process In these ordinarily
brittle materials, these researchers are
Investigating the increase of fracture stress under
point-contact loads (Auerback's Law). At the
present time they are constructing a device to
study in a scannln? electron microscope the
deformation (either by fracture or ylelde? that is
produced, by tiny indentors. The intent of this
research is fo measure the properties of perfect
crystalline solids.



Representative ﬁapers in this area are:
Ast, D. G., and Krenitsky, D. 1976, Fracture
toughness and Plle|d Strength of annealed Ni-Fe HYDROGEN
Ease metalllc2 gﬁes. Materials Science and
ngineering 23:241. 2
Hadngag¥ T, 8 Krenitsky, D. J.; Ast, D. G.; and Li, METALLIC =
C-Y."1978, Load relaxation studies of a metallic ~ supereondueter
glass. Scripta Metallurgica 12:45.
Hart, E. W. 1978. Constitutive relations for
non-glastic deformation. Nuclear Engineering
and Design 46:179. ,
Huang, F H.; Ellis, F V; and Lj, C-Y. 1977.
Comparison of load relaxation data of type 316
austenitic stainless steel with Hart's deformation
model. Metallurgical Transactions A 8:699.
Kohlstedt, D. L.; Goetze, C.; and Durham, W. B.

1976. erimental deformation of single crystal
ol?vme vﬁﬁ? appﬁca%on,to f,gw In the ma%t?e. n
The physics and chemistry of minerals and

Wﬁks' ed. R G. J. Strens, pp. 35-49. London:

lley.

Kramer, E. J.; Krenz, H. G.; and Ast, D. G. 1978.
Mechanical properties of methanol crazes in
go,l metfgllmethacrylate. Journal of Polymer

cience and Polymer Physics 16:349.

Krenltskg, D.J., and Ast, D. G. 1978, TemPerature
dependence of the flow stress and ductility of
amorphous Fe»oNi40Pi4B6. Journal of Materials
Science (in press).

Krenz, H. G.: Kramer, E. J.; and Ast, D. G. 1976.
Structure of solvent crazes in 1oolglstyrene.
Journal of Materials Science 11:2211 ,

Min, B. K., and Raj, R. 1978. Hold-time effects in
high temé)erature fatigue. Acta Metallurgica
26(6): 1007.

Pavinich, W, and Raj, R. 1977. Fracture at
elevated temperafure. Metallurgical
Transactions A 8:1917. _

Ruoff, A. L 1978. The fracture and yield strength

of diamonds, silicon and germanium. In
Proceedings of 6th AIRAPT International high
pressure copference (held T]éﬂy 1977 at the
University of Colorado, Boulder, Colorado). New

York: Plenum.

Van der Sande, J. B., and Kohlstedt, D. L 1976.
Observatjons of dissociated dislocations in
deformed olivine. Philosophical Magazine

34:653.

Wire, G. L; Ellis, F V: and Li, C-Y. 1976. Work
hardening and mechanical equation of state in
some mefals in monotonic loading. Acta
Metallurgica 24:677.

High-Pressure Studies

The research program on materials under hqh
pressure is directed by A. L Ruoff. Recently the
emphasis has been on generating and. measuring
extremely high pressures and on"carrying out
experiments at these é)ressures. Itis hoped that
static pressures In excess of three million
atmospheres, which approaches the pressure at
the Earth’s center, can be generated.

Left above: A postdoctoral associate working
with Professor Arthur L. Ruoff makes an
attempt at 900 kbars to produce metallic
hydrogien. He is using the diamond
indentor-diamond anvil system.

Left: A graduate student adjusts the force that

changes the pressure in the diamond

indentor-diamond anvil system. In this

exBekrliment, metallic xenon was produced at
ars.
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Working with tiny spherical indentors of diamond,
the researchers have created pressures
approaching two megabars. Studies they have
made ?f the theorefical stren%h of perfect
crystalline diamond_ suggest that even higher
ressures are possible Within its elastic range.
sing submicron fabricaion techniques, the
researchers have made interdigitated electrodes
on the diamond sample (see figure) with spacings
and widths as small as 0.3 microns. This makes
Possqble the study of insulator-to-metal phase
ransitions in tiny volumes at extreme pressures.

Such transitions are being or will be studied in the
lll-V compounds, inthe solidified halogens, in the
solidified rare gases, in oxygen, and in hydrogen,
Metallic hydro%en, for example, is a high-pressure
form that may e metastable at atmospheric
pressure; It | generaIIP/ considered to be the
major fraction of the planet Jupiter. Theorists have
Predlcted that hydrogen may e a high-
emperature supercondyctor, The
superconducting behavior of materials thaf
become metallic at high pressures Is also beln%
ngvgstlgated; sulfur and iodine are currently under
study.

Some recent paé)ers in this area are:

Chhabildas, L. C., and Ruoff, A. L. 1977. The
transition of sulfur to a conductmg% é)hase.
Journal of Chemical Physics 66:983,

Ruoff, A. L. 1977. Prospects for metallic hydrogen.
Paper read at International Conference on High
Pressure and Low Temperature Physics, July
1%77, at Cleveland State University; Cleveland,

Ohio. , ,

— .1978. On the ultimate yield strength of
solids. Journal of Applied Physics 49°197.
Ruoff, A. L, and Chan, K S. 1978. Transformation
pressure of ZnS by a new primary pressure
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Electrode 1

Case A-

Electrode 2

This schematic shows interdigitated electrodes
on a diamond anyil, as used in high-pressure
work at Corpell. The actual grids contain
hundreds of fingers that are onIP/ a few hundred
ané]stroms thick and may be only 0.3-micron
wide. The sample is deposited over the
eIect{odes thha thlt%kneSﬁ of alfleV\{,thousand
angstroms. Then the spherically tippe
d|agmond indentor Is pﬁessed a%;anﬁ)gt t%e
a_sse_mblly, generating a hemispherical pressure
distribufion. Indentor contact perimeters are
shown by the dashed circles. The dark center
spots represent sample that has undergone an
Insulator-to-conductor transition. The
conducting phase in each isjust large enough
to close the circuit.

technique. In Proceedings

of 6th international
high pressure conference (held J

Id uIY 1977 atthe
University of Colorado, Boulder, Colorado), New
York: Plenum.

Phase Transformations

Researchers headed b¥ S. L. Sass are studying
the omega-phase transformation that occurs In
titanium ‘and zirconium_ alloys and that has an
important effect on their méchanical and
superconducting properties, Direct lattice-
imaging, high-résolution dark-field electron
microscopy, and electron diffraction are being
Bs?d to study the local struc Fre of these alloys

efore transformation, as well as the mechanism
of transformation. The structure of a new type of
defect in the bcc Phase has been determined
using diffuse-scattering observations.

A new technique developed by B. W. Batterman's
ﬁ]rmga makes use of the Mossbauer effect to study
e )Bnamlcs of phase transformations.
Mossbauer gamma rays scattered from ¢rystals
can be separated into’elastic and inelastic
components, and these can be related to the
dynamic aspects of the omega-phase transition.

Representative publications and theses in this

area are:

Batterman, B. W.; Maracci, G.; Merlini, A.; and
Pace, S. 1973. Diffuse Mossbauer scattering
aﬁpll,ed to d\}{namms of phase transformations.
Physical Review Letters 31:227,

Charig, A. L. J.. Krakow, W.; and Sass, S. L. 1976,
A'high resolution electron mlc,rosco%e study of
the 0mega phase transformation in Zr-Nb
alloys. Acta Metal#lur%lca 24:69 _ ,

Kuan, T.'S. 1977. Diffraction and high resolution
electron micrgscopy studies of a linear defect in
%r-Nb bee solid solutions. Ph.D. thesis (S. L

ass).

Kuan, 1l S.,and Sass, S. L. 1976. The structure of
a linear omega-like vacancy in Zr-Nb bcce solid
solutions. Acta Metallurgica 24:1053.



Ceramic Materials

D. L. Kohlstedt's grouR is using electron
m;croscopz/ to study the dislocation
microstructure Pro uced during high-temperature
deformation of transition metal carpides, a group
of extremely hard ceramic materials, Members of
this carbide family —for example, TiC —show a
marked decrease in mechanical strength at
temperatures above one-third of their melting
Pomts. This weakening severely limits the use of
he carbides as high-femperatdre structural
components. Improvement In the creep resistance
of the carbides IS being sought b¥]preC|p|tat|ng
microscopic grains of a second phase that can
act to impede dislocation motion.

Students. in this group are also studying the
deformation behavior of alkali halidés and
emiconducting materials. The main urgose of
this research is'to test for the existence of a
mechanical ,ecluatlon of state to describe the
plastic flow in these nonmetallic crystalline solids.

Kohlstedt angd his students are also studying the
creep behavior of geological materials that are
important in the Earth's Upper mantle and lower
crust. Of particular interest is olivine-rich partially
melted rock, a system that is likely to prove
important in convective flow and associated
continental drift. Little is known about the
mechanical strength of partially molten rock or
about the transport of melt (magma) through such
rocks, Also, as part of a program to assess the
possible deformation mechanisms and differential
stress levels operative during major earthquakes,
an extensive s ud?/ IS being made of the rocks
deformed during arﬂe-scale faulting like that at
the San Andreas fault.

The relationship between microstructure and

A recentproject involved microprocessor-
controlled measurement of the AC ion
COﬂdUCIIVII){ of asolid electrolyte,
sodium-fi-alumina. This ceramic js under
consideration for use In light-weight batteries.

mechanical behavior of é;la,ss-ceramm systems —
for example, hot pressed silicon nitride and glass
—Iis beln% investigated by R. Raj and his group.
The marphology and comiposition of the gfass,
Pamcularly at grain interfaces, is important to the
hermal sHock and fracture behavior of these
materials. Included in this work are investigations
of the kinetics of separation of the ceramic” phase
f,r(%mfthe glass and a study of the glass-ceramic
Interface.

Representative publications and theses are:

Allender, J. 1978. Hydrogen reduction of ,

nickel-ferrite and aluminum doped nickel-ferrite.
Ph.D. thesis éL. C. DeJothe).

Goetze, C,, and Kohlstedt, D. L. 1977. The
dislocation structure of experimentally
deformed marble. Contributions to Mineralogy
and Petrology 59:293. ,

Hornack, P 1978. The effect of oxyqen, partial
Pres,sure on the cretao strength Of olivine. M.S.
hesis (D. L. Kohlstedt).

Kohistedt, D. L.; Goetze, C.. and Durham, W. B.
1976. Eleenm,enta_I deformation of single ch/staI
olivine with application to flow in the mantle. In
The physics and chemistry of minerals and
{/L\)lglzks, ed. R.J. G. Strens, pp. 35-49. London:

lley.
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Lemer, 1. Chlanq, S-W.; and Kohlstedt, D. L,
1978. Load refaxation studies of four alkall
halides. Comell University Materials Science
Center report no. 3012,

Mosher, D. R.; Raj, R.; and Kossowsky, R. 1976.
Measurement of viscosity of the %ram boundary
E/Ihase, in hot-pressed silicon nitride. Journal of

aterials Science 2:49. ,

Rey, M. C. 1978. HJdrogen reduction of
cobalt-ferrite and aluminum doped
cobalt-ferrite. Ph.D. thesis (L. C. DeJonghe).

Electrical and Magnetic Properties

A study of the electronic conductivity of As,Te, x

films_as a function of composition Is supervised by

D. G. Ast. Percolation theory in connection with &
bond picture is being applied to explain the
results. The structuré of amorphous As-VI
compounds Is being studied using diffraction as
well as indirect methods based o known
relationships among the glass transition
temperature, the viscosity, and the molecular
weight of chain polymers.

Ast also heads a project to produce by controlled
vapor deposition multilayered composite
superconductors with very fine lamellar spacings
(of the order of angst,romss_s. The goal isto
produce a structure in which flux lines are pinned
very effectjvel ,ther_ebK,obtamlng ,

/s_\u tlarconduc ors with high critical fields and low

0SSes.

Work directed by E. J. Kramer seeks to elucidate
the mechanisms of pinning of the flux line lattice
by crystal defects, such as dislocations or surface
configurations; an understanding of these
mechanisms is basic to the production of
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superconducting wire with a high critical current.
Also under investigation is the pinning due to
defects produced by neutron irradiation because
of its importance in projected controlled nuclear
fusion applications of superconductors.

Examples of publications and theses in this area
o

are;

Ast, D. G, 1974. Evidence for percolation
controlled conduction in amorphous As’\Te,-*,
Physical Review Letters 33:1042,

Lautérwasser, B. D., and Kramer, E. J. 1975.
Mechanisms of flux line [attice motion in a A{)eak
effect superconductor. Physics Letters 53A:410.

Osborne, K. E., and Kramer,E. J. 1974, The
influence of plastic deformation on the peak
effect in at}/éje Il superconductor. Philosophical
Magazine 29:685. , o

Putz, A. G. 1972. Flux motion and pinning.in a

pe Il superconductor. M.S. thesis (E."J.

ramer).
Rickenba%:k, R. 1973. Multi-layered thin film
superconductors. M.S. thesis (D. G. Ast).

Electron Microscopy

High-resolution electron microscope techniques
aré being used by S. L. Sass and his research
?roup to study thé fine structure of phase
ransformations in titanium and zirconium alloys
and defects in metalﬁ. Dark-field |ma9|ng with the
diffuse scattering yields microstructural =
information at resolutions approaching atomic
dimensions.

A program directed by J. Silcox is concerned with
the understanding and exploitation of inelastic
electron scattering at electron microscope

energies (‘a,bout 80 to 100 keV). The central
|rlstrumen Is a combination of an Hlta%hl 11A
electron microscope, a Wien spectrophotometer,
and a PDP-11 minicomputer, with which it is
possible to carry out a variety of experimental
observations. These include ‘separation of
electron loss sgectra with an energy resolution of
apout 0.5t0 1.5V (‘de(?endln an Settin ,sg of
either an electron micr raph%wnh aspaual
resolution extending to 20 angstroms, depending
ot}the features of | te[]est% or an electron
diffraction pattern (with angular, resolution of 104
to 10-5 radians, depending on instrumental
settings). The primary focus in recent years has
been on understanding losses rather than on
attempting to exploit the losses in microanalysis.
Surface 10sses such as surface plasmons in
metals, surface-guided modes in insulators, and
anisotropies in band sfructure have been studied,
and losses due to excitation of single-particle
valence states are under consideration. Future
wfork IS exPFcted to mcﬁuﬂe st&ldles in mgre detail
of contrast featyres and the role played by
inelastic scattering.

An experimental high-resolution electron ,
microscope, developed by B. M. Siegel and his
grouP, is being used fo extend the application of
electron micrgscopy in studies of the molecular
structure of biomacromolecules and biomaterials.
The microscope I equipped with a field-emission
source and uses computer processing of the
Image; It provides an optimum environment for the
specimens, an ultrahigh vacuum (about 10 1°torr)
and a liquid-helium cryostat to keep the
specimens at liquid-helium temperature. The .
limitations on the observations of these materials
by electron microscopy are now set by their high
%%g%tlvny to radiation damage from the electron



Other problems of interest to this giroup are the
preparation of very thin-film crystalline substrates
and amorphous materials and’the study of their
structural and physical properties. The substrates
are used to sugport tge electron mg:rosco e
specimens and can be crucial in obtainin

lmages with adequate signal-to-noise ratios after
Image processing.

Papers and theses of relevance include:, .

Chen, C. H. 1974. Studies of optical excitations in
thin solid films by electron scattering. Ph.D.
thesis (J. Silcox).. .

Chen, C. H,, and Silcox, J. 1975. Surface guided
modes in'an aluminum oxide thin film. Solid
State Communications 17:273.

Chen, C. H.; Silcox, J.; and Vincent, R. 1975,
Electron energy losses in silicon:" bulk and
surface plasmaons and Cerenkov radiation.
Physical Review B 12:64. .

Kuan, T, S., and Sass, S. L 1977. Th,(Ff direct
Imaging of a linear defect using diffuse
sca erln%_ln Zr-Nb bece solid solutions.
Phl|080£ ical Magazine 36:1473.

Pettt, R. B.; Silcox, J.; and Vincent, R. 1975.
Measurement of surface plasmon dispersion in
%ldgllzleg aluminum films. Physical Review B

Submicron Research

The techniques of submicron fabrication are
being applied rapidly not only in electronic device
techiology, but also’in materials science and
other scientific fields. At Cornell research in this
area of materials science is sponsored in part by
the National Research and Resource Faci 't){ for
Subm|cr%n Structures, IocateP on campus. In
Heneral the studies here Involve optica
thography, electron lithography, and x-ray

e studies are among the

Electron microsco
or Master of En

projects available
students. This instrument is a 200-

lithography. Included are the development of
techniques, research on resists, and applications
gfc ,teert]:wques In various areas of materials

lence.

A L Ruoff and his group use optical and electron
lithography in making interdigitated electrodes for
theirresedrch involving h|gé1 pressures. They are
currently working on the fabrication of electrodes
ith 0.|1-m|cron spaﬁm bg/ means of electron-
eam lithography. They have also carried out work
using diamond anodes for the x-ray generation of
carbon K radiation, which is an ideal source for
extremely fine-scale (100 angstrom) resolution
x-r%y _I|tho%ra|oh As part of this nProgram, they are
studying ion mé]anta lon In diamond.

Recent publications include: ,

Nelson, D, A, Jr., and Ruoff, A. L. 1978, Diamond:
an efficient sour? of soft x rags for hlgh ,
resolution x-ray lithography. Journal of Applied
Physics (in press). ,

Ruoff, A. L., and Chan, K. S. 1978. Transformation

ressure of ZnS by a new primary pressure
technique. In Proceedings of 6th"AIRAPT
international high pressure conference (held
Jul?/ 1977 at the Unjversity of Colorado, Boulder,
Colorado). New York: Plenum.

M.Eng. (Materials)

Degree Program

Students who have completed a four-year
undergraduate grogram.ln engineering or the
physical sciences are eligible Tor consideration for
admission to the Master of En?meerm (Materials)
degree program. Candidates for the degree carry
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out independent projects that provide experience
In defining objectives, planning and carrying
throuPh,systematlc work, and Teporting ,
conclusions. In addition they have the opportunity
to develolg their fmowledgee and skill in SBECIahzed
arelasd of materials science. Program requirements
include:

1 A project qualifying for twelve hours of credit
and requiring individua| 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 may
select other courses acceptable to the faculty.

3. Courses in materials science and engineerin
selected from those offered at the graduate level,
or other courses approved by the faculty,
tsoumlcr{snt to bring the total credits for the degree

Faculty members of the Department of Materials
Science and Engineering available to supervise
M.En?. roject work are’D. G, Ast, B. W,
Batterman, J. M. Blakely, M. S. Burton, D. Grubp,
E. W Hart, H. H. JohnSon, D. L. Kohlstedt, E. J.
Kramer, C.-Y. Li, R. Raj, A. L. Ruoff, S. L Sass, and
D. N. Seidman.

Examples of recent design projects, and the
supervising professors, are: »
Electron Microscope Study of Radiation Damage
(D. N, Seidman) , o
Interaction of Interstitial Gas Atoms with Radiation
Damage in Group Vb Metals (Niobium,
Tantalum? §D. N. Seldmdan) o

Electron Microscope Study of Carbides in Inconel
(S. L Sass)
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Faculty Members and Their
Research Interests

Dieter G. Ast, Dipl.Phys. (Stuttgart), Ph.D.
(Cornell): amorphous materials, multilayered
superconductors, biomaterials, holographic
te,st%g metallic glasses

Boris W Batterman:, B.S., Ph.D. (M.L.T): x-fay and
neufron diffraction, solid-state phenomena

John M. Blakely, B,S., Ph.D. (Glasgow): surface
science, catalysis, photographic materials

Malcolm S, Burton, B.S. (Worcester), SM. (M.LT.):
mechanical properfies of solids =

Claude Cohen, BS. &Amencan University, Cawo?,
Ph.D. (Princeton): transport phenomena, ligh

sc_attenngb polymeric materials

David Grubb, BA., M.A,, Ph.D. (Oxford): electron
microscopy of polymers, radiation damage,
mechanical proBoemes of palymers

Edward W. Hart, B.S. (City College of New York),
Ph.D. (California, B,erkeleyl,: theory ofthe
mechanical behavior of solids, thérmodynamics
of interfaces

Herbert H. Johnson, B.S., M.S., Ph,D. (Case):
gases in metals, cyclic deformation,
environment and ffacture

David L. Kohlistedt, B.S. (Valparaiso), Ph.D.
III|n0|sg: ceramic materials, electron

ICr0S orgy, physics of geological materials

Edward J. Kramer, B.Ch.E” (Cornell), Ph.D.
(Carnegie-Mellon): superconductivity,
mechapical properties, hlgh-polymer hysics

Che-Yu Li, B.S:E. (Taiwan College of Engineering),
Ph.D. (Comell}: mechanical behavior, Trradiation

effects

Robert Merill, Chem.E. (Cornell), Sc.D. EM.I.T,.):
chemistry and physics of surfaces, ca al?{sm,
corrosion, atomic'and molecular scattering

Rishi Rai5 B.S. (Allahabad, India), B.S. (Durham),
M.S., PhD. ( arvard?: fracture and cyclic
deformation at elevated temperatures in
twoliPhase materials (metals and ceramics)

Thor N. Rhodin, B.S. (Haverford), AM., Ph.D;

(Princeton): physics and chemistry of solid

surfaces, electron properties of metals and

alloys

AUl L Ruoff, BS. (Purdue), PhD, (Utah):
high-pressure phenomena, higher-order elastic
constants, hot Isostatic compaction, mechanical

rtﬁpertles ,

St f en L Sass, B.Ch.E. (City College of New
ork), Ph.D. (Northwestern): grain boundary
structure, phase transformations, transmission

electron mlcroscogy diffraction techniques

David N. Seidman, B.S., M.S. (New York
University), Ph.D. (illinois): lattice defects,
radiation”damage, field-ion microscopy and
atom-probe field-ion microscopy

Benjamin M. Siegel, B.S., Ph.D, M.I.,T.% molecular
structure of biomacromolecules, high-resplution
electron mu:ros,coP?/, radliation damage of
biomaterials, thin films ,

John Silcox, B.Sc. (Bristol), Ph.D. (Cambridge):
electron mlcroscopk//1 spectroscopy, diffrattion

Floyd O. Slate, B.S., M.S., Ph.D. (Purdue):
concrete, engineering materials "

Watt W, Webb, B.S., Sc.D. K?M.I.T.): biophysics,
superconductivity, critical and cooperative
phenomena

Further Information

Inquiries about graduate study in materials
sclence and en meermg ma){ he addressed to
the Graduate Field Representative, Materials
Science and Englneerm%, Comell Universtty, Bard
Hall, Ithaca, New York 14853.



Mechanical
Engineering

The graduate Field of Mechanical Engineering at
Cornell offers advanced instruction and research
opportunities in a wide range of contemporary
topics. Primary emphasis IS on the engmeenng
sclences that are basic to the field and on
research and advanced design in modern
engineering applications. Two graduate Fields—
Mechanical Engineering and Aerospace
Engmee_rm? —are centered in the Sibley School of
Mechanical and Aerospace Engineering, which
also offers a variety of undergraduate courses
and an undergraduate field program in
mechanical engineering.

Candidates for the M.S. and Ph.D. degrees in
mechanical enqlne,enng choose mechanical
eng]lneenng,as heir matjor subject, selecting one
of the fo,IIowmg areas of concentration: flui
mechanics, h&at transfer, combustion, energy. and
power systems, mechanical systems and design,
materials and manufactyring éngineering, an
biomechanical engineering. Candidates also
choose a minor subject that is generally from
some other field such as mathematics, physics,
mechanics, or aerospace, electrical, or nuclear
engineering. Strong emphasis is placed on
learning through Eartlmpatlon in research
projects. The work of an M.S. or Ph.D. candidate
Is supervised by a Special Committee headed b
the professor representing the major subject; thi
chairperson normally is the student's research
and thesis adviser as well.

Also offered is a professional graduate_ program
leading to the degree of Master of Engineefing
(Mechanical). ThiS program provides a one-year
course of study for thoSe who wish to develdp a
high level of competence in Célr,rent technology
and engineering design. In addition to their
course work thé M.Eng. (Mechanical) candidates

work on design projects of their chaice, The
design prO{ect meg be undertaken individually or
bg asmall team. Often itis carried out in
cooperation with an industrial organization;
company representatives suggest the problem,
participate in its formulation, and review the
solution upon its completion.

A weekly colloquium and a weekly research
conference, hoth held jointly with the graduate
Field of Aerospace Engineering, encourage an
informal relationship bétween graduate sfudents
and faculty members. The colloquium speakers,
who are recognized authorities in their fields, are
from Cornell Or other universities, industry, or .
government. Graduate students engagged in thesis
research present grorgress rg%orts on their work at
the research conferenice and benefit from
suggestions offered by other students and faculty
members. New graduate students find these
cPrHerences helpful in choosing research projects
of their own.

There are currently about fifty full-time graduate
students enrolled n the Field of Mechanical
Engineering.

Facilities

Special eqmﬁment available for graduate
research in the Field of Mechanical Engineerin
includes an environmental wind tunnel;”severa
low-turbulence wind tunnels; schlieren systems;
holographic interferometers; extensive hot-wire
anemometry equipment; laser-doppler
anemometry instrumentation; minicomputers for
the analysis of experimental data; experimental
internal combustion engines and dynamometers;
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experimental gas-turbine combustors; extensive
exhaust-gas analysis facilties; a five-foot-diameter
parabolic mirror for collecting and concentrating
solar energy; a combined steady-torque and
rever,sed-bendln%fatlgue testing maching;
bearing-test machines for eccentric loading, for
proqrammed load variations, and for shaft™
oscillations; special rigs for the dynamic loading
of machine parts; automatic data-recordin
instruments; and an extensive laboratory 0
machine tools and gauges.

Other facilities available to mechanical
engineering graduate students include the
Umver_sn_}/’s Iarge-scale comg)u,t,er system, with
bOth.dI?I al and analog capability; & computer
terminal that allows inferactive and batch
processmg is located in Upson Hall. A nuclear
reactor facility 1s available for student use. A
%eothermal energy laboratory is operated by the

Ibley School in Conjunction with the Deparfment
of Géological Sciences.

By special arrangement some thesis work may be
carried out at the' Brookhaven National Laboratory.

Areas of Research

Graduate work in mechanical engineering at .
Cornell |s,Iar3ely divided into two areas. One is
characterized by a concern with the dynamics of
fluids and thermal Ph nomena;, its subjects are
thermodynamics, fluid mechanics, heat transter,
and conbustion, and the application of these
disciplines to energy and power systems. The
other area is characterized primarily by a concern
with solid mechanics and mechanical
phenomena; It Involves mechanical systems and
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design, and materials and manufacturin
engmeenng. These two main streams of study
and research are supplemented by an area which
embraces both: biomechanical engineering.

Research is also carried out in cooperation with
the ?raduate Fields of Aerospace Engineering,
Applied Mathematics, Applied Physics, Cherical
Engineering, Chemistry, Operations Research,
and Theorétical and Applied Mechanics.

Current research activities are described briefly
under the general subject headings below.

Fluid Mechanics

Fundamental research in fluid mechanics at
Comnell includes studies of turbulence, rotatin
flows, wave propagation and stability, acoustics
and noise, non-Newtonian flows, internal and
external aerodynamics of cooling towers, and
Iargie-scale mations in the upper” mantle of the
earth and in the mixed layer of the ocean. Current
apﬁllcatloHs center 8n atmospheric turbulence, air
pollution, flows in industrial mjection-molding
processes, and.the fluid dynamical aspects of
energ¥ conversion and consequent environmental
Impact.

Investigations of fluid turbulence now under way
include theoretical and experimental studies of
small-scale tu,rbylence in meteorologlcf?l and
oceanographic flows; transport and diffusion of
additives such as heat, moisture, and pollutants in
turbulent atmospheres; the construction of
consistent computational turbulence models using
the methods of rational mechanics; and.
theoretical anal¥ses of statistical errors in the
measurement of fluid flows.

A_graduate student working with Professor

Sidney Leibovich uses a laSer-doppler

ﬁnemometer to study the mechanics of vortex
Ows.



Non-Newtonian flows that are sensitive to _
temperature, pressure, and deformation are being
studied both theoretically and exp?n,mentally to
assist In the design of Injection-molding,
equipment and also for research on solid-state
convection in the Earth’s mantle, Computational
techmque_s are being developed for use with
genera viscoelastic constitutjve %%uatlon_s and to
reat problems involving moving boundaries

subject to constraints.

Linear and nonlinear wave propagation and
stability studies constitute one aspect of a
research program on vortex flows. Qther
problems considered include experimental
Investigations of vortex structure with use of a
laser-doppler velocimeter, and a computational
study of turbulent swirling flows. This work has
aﬁpllcatmn to swirling flows in combustion
chambers and furnaces.

Experimental facilities include extensive hot-wire
and laser-doppler (counter and frequency tracker)
anemometr¥ equipment, an on-line minicomputer
with a very Tast A/D converter for data acquisition
and procéssing, a variety of equipment for vortex
flow experiments, a vertical wind tunnel specially
designed for the study of free-stream turbulence
with and without buoyancy (more than one
additive may be simultanéously studied in the
tunnelg, an énvironmental wind tunnel, and other
smaller wind tunnels and shock tubes.

A vertical wind tunnel two stories high was
installed recently in Grumman Hall for research
on atmospheric turbulence. Among those
working on the prob?/ct are (leftto rl%hé)
ProfesSor Zellman Warhaft, Research Support
Specialist Edward Jordan, and Professor John
L. Lumley, the principal investigator.
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Representative publications are; ,

Faler, J. H, and Leibovich, S. 1977. Disrupted
states of vortex flow and vortex breakdown.
Physics of Fluids 20:1385,

Leibovich, S. 1977. Convective instability of stably
stratified water in the ocean. Journal of Fluid
Mechanics 82:561. , ,

Lumley, J. L. 1978. Computational modeling of
turbulent flows. Chapter to appear in Advances
in applied mechanics, vol. 18, ed. C. S. Yih.
N?w ork: Academic Press

Lumley, J. L; George, W.; and Buchhave, R 1979,
Turbulence measurements with the
Iaser-dopf)ler, anemometer. To arﬁ)e,ar in Annual
reviews ot fluid mechanics, vol. gn press).

Torrance, K. E. 1978. Numerical approaches to
solid-state convection in Blanetary bodies.
Physics of the Earth and Planetary Interiors (in

16ss).

Wfrhaf?,)_ Z., and Lumley, J. L. 1978. An
experimental study of the decay of temperature
fluctuations in grid generated tdrbulence.
Journal of Fluid"MeChanics (in press).

Heat Transfer

Problems of current interest are concemned with
heat rejection to the environment, natural
convection flows,. eoph){smal heat transfer, and
heat transfer in biological systems. Both
experimental and theoretical programs are
pursued. Heat-transfer systems are also simulated
and studied with the aid of computers.

The heat-transfer and aerod{ynamjc phenomena
associated with natural-draff cooling towers for
closed-cycle cooling of large power plants are

124

AUAYUVtO.

Problems in the cooling of Iarge power plants
are studied by Professor Franklin K. Moore (at
left) and his research group.

being studied with a view to optimizing ,
heat-exchange performance. The objéct of this
research is to minimize cost and environmental
and esthetic impacts. An environmental wind
tunnel is employed for studies of cooling-tower
heat transfer.

Studies of natural convection flows usin
laser-holographic interferometry are under way.

Heat transfer and flow processes in porous media
are being studied for both smgle-ghase systems
and two-phase, boiling systems. Geothermal
reservoirs and naturally dccurring hydrothermal
circulations are considered.

Examples of recent publications and theses on
these subjects are:

Moore, E K. 1976. Dry cooling towers. In
Advances in heat transfer, Vol. 12, ed. T. E
Irvine, Jr,, and J. P Hartnett, pp. 1-75. New
York: Academic Press.

Moore, F K., and Ristorcelli, J. R., Jr. 1978,
Turbulent flow and pressure losses behind
oblique high-drag heat exchangers.
International Journal of Heat and Mass Transfer
(in press).



Ribando, R. J. 1977. Geothermal energy-related
problems of n%tural onvection in porous
media. Ph.D. thesis (K. E. Torrance).

Torrance, K. E., and Sheu, J. R 1978. Heat
transfer frogw ﬁ)lutons unde_rgom’\? h drotl]ermal
cooling and thermal crackirig. Nunerical Heat
Transfer 1:147.

Combustion

Current programs include studies of chemical
kinetics, fluid mechanics, turbulence, and
air-pollutant generation as they pertain to
combustion processes in practical
energy-conversion devices operating on
conventional and alternative fuels. A'large
experimental program with advanced dla?nostlc
equipment is under way, and complementary
theoretical and numerical analyses are being
carried out.

A shock tube, a fast-flow reactor, and a novel
laser-induced pyralysis reactor are being used to
study the chemical kinetics of alternative fuels.
Fuel pyrolggs, soot formation, and oxidation of
fuel-bdun nltrogen are among the processes
under study, and hydrogen and methanal are
among the fuels being Considered. A swirl
combustor and a turbulent-flame experiment are
used to study the role of fluid mixing in the
performance of steady-flow combustors,
Analkl,tlcal and numerical studies of swirling,
reacting flows with turbulence are under way.

Research facilities include engine and chassis
dynamometers, a_gas chromatograph, a mass
spectrometer, optical spectrographic equipment,
hot-wire anemometers, two laSer-doppler

velocimeters, and a minicomputer system.
(Fj%gss‘gratr)%%opportumtles existin all of the programs
ibed.

Recent papers in this area include:

Chan, T'S.; Lanewala, S.; and McLean, W. J.

1978. Experimental and analytical studies of

nitric oxide production dunn§ shock-induced

oxidation of hydrogen cyanide. Combustion
and Flame_(in"press).

McLean, W. J.; de Boer, P_C. T. Homan, H. S,;
and Fagelson, J. J. 1977 Hydrogen asa
remprocatln%erégme fuel. I Futlre automotive
fuels, ed. J. M. Colucci and N. E. Gallopoulus,
pp. 297-319. New York: Plenum.

Oven, M. J.. McLean, W. J.; and Gouldin, F C.

19 ﬁ N?-NOI m.efasuremens in
methane-fueled swirl-stabilized combustor,
Paper read at Spring Technical Meeting, Central

States Section, The Combustion Institute,
28-30 March 1977, at NASA Lewis Research
enter Clevelgnd, Ohio.

Rubin, M. B., and McLean, W. J. 1978.
Performance and NQ, emissions of spark .
ignited combustion engines using alternative
fuels—quasi one-dimensional mod_elmg. I
Methanol fueled engines. Combustion Science
and Technology (In"press).

Smith, K. O., and”Gouldin, E C. 1978,
Experimental investigation of flow turbulence
effects on premixed methane-air flame. In
Progress in astronautics and aeronautics, vol.
58,ed. L A. Kennedy. New York: AIAA.

Laser-doppler velocity measurements are used
to study fluid mixing processes in a swirl
combustor in aproject supervised by Professor
Frederick C. Gouldin (at right). This research
has potential applications’in gas turbines.



Power and Energy Systems

In general the area of power and energy systems
encompasses studies of modern methods of
energy utilization and their corresponding
environmental effects. Current faculty interests
reflect concern over problems that résult from the
rapidly increasing use of energy in a society .
faced with limite ener?y resouirces and reguiring
stringent environmental controls.

Among the topics receiving attention are
combustion and transport processes in gas .
turbine combustors; these processes aré bein
studied with a view toward the development o
clean-burning turbine engines. Experimental and
anaI%tlc,al investigations f the feasibility. of
synthetic fuels, for h|qh-eff|0|enc operation of
réciprocating internal combustion engines are
also under way.

The reduction of air pollytants from conventional
internal combustion engines has been achieved
bfy]/ improving the design of engine components.
The design innovations resulting from research at
Comell allow present air-pollution standards to be
met with current engine technologK. Efforts are
being made in continuing research projects

to Improve engine efficiency and to permit further
reduction of emissions.

The generation of waste heat is of growing
concern as energy utllization increases. Studies
are being carried out to determine the effects

of heat réjection from sources widely distributed

In area and from intense local sources. Also,
research in cooling tower technology is underway.

ExamBIes of recent publications in this area are:
Auer, P. L. 1977. Fusion power—its promise and
prospects. Engineering: Cornell Quarterly

12(35):32.
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Auer, P. L, and Braun, C. 1977. Systemwide
uranium feed and separative work conservation
available with advanced reactors. Annals of
Nuclear EnergW:Z?.

de Boer, R C. T McLean, W. J.; and Homan, H. S.
1976.  Performance and emissions of hydrogen
fueled internal combustion engines.

International Journal of Hydroge.n Energy 1:114.

Moore, F K. 1976 Rejmna climatic effects of

The fuel injection pump of a CFR engine
modified to run on hydrogen is adgusted by
Professors P. C. Tobias dé Boer (af left) and
William J. McLean.

intersociety energiy conversion engineering
conference, vol. T pp. 832-841, LaGrange
Park, Ill. American Nuclear Society.
: , Torrance, K. E., and Shum, J. S. W. 1976. ,
Shepherd, D. G. 1977. A comparison of three Tlme-var,ym? energy consumption as a factor in
working fluids for the design of 1geothermal urban climate. Atmospheric Environment
power plants. In Proceedings of 12th 10:329.

ower plant heat rejection.” Atmospheric
nvironment 10:80



Mechanical Systems and Design

Research in this area is concerned with the
design, analysis, and manufacture of devices,
machines, and systems. At Cornell these terms
are broad% Interpreted and encompass areas
such ,?,s lubrication, vibrations, mechanical
reliability, controls, and dynamics. The common
theme of the work is the application of analytical
models, optimization techniques, finite-elerment
methods, and computer simulation tq important.
Practlcal roblems ranging from vehicle dynamics
0 space technology.

Lubrication studies have been concerned with
porous and elastic bearings and include both
mechanical and biological applications. Work in
this area encompasses investigations of bearing
charactensthc%, as well as dynamic effects in lafge
systems with bearings.

Vibration and dynamic studies have dealt with the
nonlinear response of advanced-technology
systems such as vehicle suspensions. In many of
the projects In this area com?ut,er-based methods
are used for the efficient analysis of problems;
computer graphics are being used to help
interpret complicated nonlinear system responses
such as limit-cycle behavior.

Engine and sPark plug modifications for the

contro] of pollutants in automobile emissigns

are being developed under the direction of

Professor Edwin L. Resler, Jr. (at center). This
hoto sgo S adagtatlons, ,subseq,u,entl)h
hatentek, that were made in an Initial phase of
e work.
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An eiectrohydraulic device is used ina |
gimballing System to simulate the launching
contro| for a’space vehicle. This research was
supervised by Professor John F Booker.
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Mechanical reliability studjes have been
concered with the probabilistic modeling Cf
structural systems in which load sharing among
members IS a key feature, Current work conceins
the development of useful models for representing
the stress-rupture, dynamic fatigue, and brittle
fracture of structural’members tnder a variety of
load histories, Work on reliability aspects of
mechanical design is also in progress.

Recent publications in the area of mechanical

systems and de3|%n, include: _
ooker, J. E, and Stickler, A. C. 1976, Bearing
load/displacement determination for
multi-cylinder remprocatm%/lmachmery. Journal
of Mechanical Design (ASME) (in press).

The stability and suspension characteristi¢s of
amotorcycle front fork are tested in aproject
supervised by Professor Dean L. Taylor (sécond
from the left).

Eidelberg, B. E., and Booker, J. E 1976.
Application of finite element methods to
|ubrication; s$ueez? films between porous
surfaces. Journal of Lubrication Technology
(ASME) 98:175. :

Harlow, D. G., and Phoenix, S. L. 1978, The
chain-of-bundles probability model for the
strength of fibrous materials. 1. Analysis and
(igniggtures. Journal of Composite Materials



Phelan, R. M. 1977. Automatic_control systems.
Ithaca, N.Y.. Carnell University Press. ,
Phoenix, S. L. 1978, The asymptotic time to failure
of a mechanical i\yste,m of parallel members.

§I4A|2v|) %ggrnal on Applied Mathematics
Taylor, D. L. 1975. Multi-parameter ei[gensystems
—applications to rotor dynamics.
Proceedings of 4th world congress on
machines and mechanisms, pp. 517-520.
London: Institution of Mechanical Engineers.
. 1976. Effects of drawhar properfies on the
beg vior of articulated vehicles. ASME
publication no. 76-WA/Aut-10.

Materials and Manufacturing Engineering

Research in this area is concerned with the

analysis of engme,erm? materials in service, the

selection of materials for specific_applications, the

analysis of manufacturing operations, and the

aglsegtr%gn of manufacturing operations for specific
igns.

Recent work has included studies of the
mechanism of friction welding, thermal fracture of
cufting tool materials, ultrasonic testing, of
solid-State bonds, computer-aided deSign of
|nject|on,-mold|n?_s /stems for polymers,
mechanisms, of friction and wear, and the effect of
surface quality of machined components on wear.

Representative ;)apers in this area are:

Jahanmir, S. 1978."On the wear mechanisms, and
the wear equations. Paper read at International
Conference on Fundamentals of Trlbologg/,
19-22 June 1978, In Boston, Massachusetts.

Jahanmir, S, and Suh, N. R 1977. Surface

topography and integrity effects on sliding wear.
Wgarg 44‘:)8% I g

The design of systems for inLeption molding of
plastics IS ajoint prc}yect with industry for
which_Professor K.-K. Wang (at right)’is one of
the principal investigators.

Stevenson, J. E; Hieber, C. A.; Galskoy, A.; and

Wan?, K K. 1976. An experimenal stu? and

simufation of disk filing Dy njection molding. In
Proceedings of 34th annual technical
conference, pp. 282-288. Greenwich, Conn..
Society of Plastics Engineers. .

Wang, K K 1976. Research associated with
industry: Cornell's mHecnon moldlng project.
Engineering: Cornell Quarterly 10(2): 1~

Wang, K. K., and Ahmed, S. 1976, Ultrasonic
detection of weld strength for dissimilar-metal
friction welds. In Procegdings of 4th North
American metalworkmg%research conference,
ed. T Altan,opp. 384-389. Columbus, Ohio:
Battelle Laboratory.

Biomechanical Engineering

Research in the area of biomechapics is
concerned with the analysis and design of
biomechanical systems encountered in-~ |
orthopedic surgery and rehabilitation medicine.
The qverall goal is to understand the structure Cilnd
function of normal, Impaired, and reconstructe
components of the musculoskeletal system. Work
IS in progress on the analysis of locomotor
disorders and the analysis and design of
hone-implant systems and surglcal procedures.
Current projects are concerned with the
determination of joint forces In statically
indeterminate systems, the determination of the
mechanical characteristics of tendons and
ligaments, the design of fixation systems for
internal artificial joints, the anal%sm and design of
hip and knee prostheses, and the study of the
mechanical aspects of degenerative joint disease.

Research in the area of biological mass and heat
transfer is concerned with the low temperature
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Below: A graduate researcher examines plastic
and metalparts designed for a knee prosthesis
anaérltglrojeCt directed by Professor Donald L.

Right: A stress distribution obtained by
computer-aided analysis is used in spécifying
materials and dimensions.

preservation of biological cells, tissues, and
organs. A cryomicroscope is used to videotape
the formation of intracellular ice and to ,
characterize cell viability as a function of freezing
and ,thawln? rates. CellS and tissues bein
studied include cancer and heart cells, sperm
and embrYos, and plant cells. Complementary
theoretical analyses of ice nucleation and mass
and heat transfer in tissues are being carried out.

Examples of recent publications and theses are:

Bartel, D. L: Marshall, J. L; Schieck, R, A.; and
Wang, J. B. 1977. Surgical repositioning of the
medial collateral liganient—an anatomical and
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mechanical analysis. Journal of Bone and Joint
Surgery 59-A(1):107.

Bartel” D. L.; Sc E%ver H. F; Lowe, J. E.. and
Parker, R'A. 1978. Studies of locomofion in the
horse. . A procedure for computing the internal
forces in the digit. American Journal of
Veterinary Reséarch %n ress).

Desormeaux, S. G. 1976. The effect of
cross-sectional geometry of fixation stems on
(c,[t)refs%s |? |bone-lmplan systems. M.S. thesis

. L. Bartel).

Levin, R. L. 1978. The water permeability of yeast
cells at subzero temperatures. Journal of
Membrane Biology (In press).

M. Eng. (Mechanical)
Degree Program

The Master of Engineering (Mechanical) degree
Program provides a one-year course of study for
hose who wish to develop a high leve] of
competence én qurre% technology,arad aned &
engineering design. The program is designed to
begﬂexﬁ)legs,o tha(rlcand,ldliegtegJ may concentrate on
any of a variety of specialty areas. The M.Eng.,
theé M.S., and the Ph.D. méchanical engineering
degree proqrams at Cornell share areds of
particular interest. These include bioengineering,
machine dynamics and control, mechanical
analysis arid development, vehicles and
Propulsmn, propulsion engines, energy systems,
hermal environment, manufacturing engineering,
and materials processing.

A coordinated program of courses for the entire
year is aﬁ;r,eed upon by the student and his or her
adviser. [t includes a six-credit design project, a
meHor consisting of @ minimum of twelve credits,
and sufficient technical electives to meet the
de?ree requirements of thirty credits. The courses
that constitute the major must be graduate-level
Ccourses in mecharilcal and aer ?pﬁjce
engineering or a closely related field such as
theoretical"and applied mechanics, At least
twenty-one credits of the total required for the
degreg must be in mechanical engineering or
related areas. The technical electives may be
courses of appropriate level in mathematics,
physics, chemistry, or engineering; a maximum of
slmcredns may be taken in ar?aé ?,ther than these
If the courses ‘are part of a well defined program
leading to specific professional objectives.

The design project, which may be undertaken



|r}dn/|duall or b)r a small team, js a significant part
of the program. n most cases the pro?ect IS
engendered by a real need of an exteral
organization of by an ongoing program within the
University. It is infended fo giVe experience ina .
situation similar to tha of professional £ract1ce, in
which there Is a time limit, and the data available
for the problem have to be sought and evaluated.

In the Sibley School of Mechanical and
Aerospace Engineering there Is overlappln(?
faculty interest'in d,eaqn and research, and all the
professors are available to supervise M.Eng.
|Qr01ects. Each student chooses a project fiom a
ist of those gffered by the faculty or proposes a

roject and finds a faculty member who will agree
{0 Serve as adviser. Although “design" is
interpreted broadly, the project shotld clearly
involve the creation and_evaluaion of alternative
solutions to an engineering problem.

Titles of projects offered by faculty members in

the past few years include; ,

Analysis and Desgn Considerations for Reducing
thé Vibrational Energy Losses Through the
%adcl_ileT ofla Compefition Bicycle (S. L. Phoenix,

. L. Taylor

Cornell Env)llronmental Wind Tunnel for the Testing
of Structures Exposed to Atmospheric Winds
(K. E Torrance)

Design and Construction of a Temperature Control
System for an Environmental Test Chamber
(R. M. Phelan) o

Design and Construction of a Testing Rig for Small

usEenS|?n , Springs, and Shock AbSorbers

D. Taal

or

Design and Construction of a Wear Tester
(S”Jahanmir)

Design and Evaluation of a Two-Stage Combustor
for'Emission Control (E C. Gouldin

Design of a Cryogenic Chamber for Freezing
Biological Materials (R, L. Levin) ,

Design of Cooling Lines for Injection Molding of
Plastics (K. K. Wang) o

Design of Improved Methads for the Fixation of

Im%lantst Bone &D. L BarteIS ,

Design of Total Hip Replacement for Limb Salvage
Procedures (D. L. Bartel) . _

Design of Two-Wheeled Vehicles and/or Trailers
(DL Taylor)

The construction of a racing bicycle for an
attempt at a speed record was a project for
M.Eng. (Mechanical) students. The esmin ,
included aracing canopy of transparent plastic
over the framework shown.

Determination of Optimal Freeze-Thaw Protocols
for Biological Materials (R. L. Levin)
Dr,a\l/lft Enr)lancement by Vortex Generators (F. K.
oore
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Hun\taﬁ PéJwered Speed Record Attempt Vehicle

Impact Testrng f Matorcycle Forks (D LTaylor

lmgrovement of the Uﬁ)ﬂson Hall Sun Tracking

ontrol System (R. M. Phelan)

lnertra—lnternal Combustron E Wgrne Hybrid Drive
for a Short-Range Car (R:

The Problem of Self- Suffrcren yand lectrical
Power—Is There a Solution? (B. Conta)

Six-Degree-of-Freedom Drsplacement/Load
TranSducer (J. E Booke?

Stress Analysrs of Frttrn s or Tackle Blocks Used

ng
ThermalDB sign ofaSpacecraft Component (K. E

Torrance
Use of Cascade to Reduce Heat-Exchanger Loss

Wi dTunnel quipment for Automotive
Applications (A. R. George)

Faculty Members and Their

Research Interests

Peter L. Auer, A.B. (Comell), Ph.D. (California
Institute of Technology) plasma physics, fusion
power enertgrf policy analysis
pbnaid L Bay B.S., M.S. (llinois), Ph.D. (lowa):

38%' ll%l"érllleé“ﬁe”s?g”nd l%'l)lné'élamcar

eerin

John Bookgr BE. (Yaleﬂ M.AE. (Chrysler
Institute), Ph.D. (Comel): hydrodynamic

lubrication, finite-element miethods,

computer-aided simulation and design
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David A. Caughey, B.S.E. (Michigan), A.M., Ph.D.
(Princeton): fluid dynamics, transonic flow,
computational aeradynamics

Bart J. Conta, B,S. (Rochester), M.S. (Comell):
thermodynamics, thermal power, energy
conversion

R C. Tobias de Boer, Ir. (M.E.) (Delft), Ph.D.

F aryland): combustion processes, alternative
Uels for combustion engines, high-temperature
asdynamics

Albert R. George, B.S.E., AM., Ph.D. (Princeton):
{Iurt()l (llynamrcs acoustics and noise control,
ur

FredenckC Gouldin, B.S.E., Ph.D. (Princeton):

dynamics, combustion, air pollution

Said Jahanmrr B.S. (Washingfon), SM., PhD.
(M.LT): manufacturing enginering, mechanical
behavror of engineering materials, friction and

Srdne Lerbovrch B.S. (California Institute of
Technology), Ph.D. (Comel): fluid dynamics,
wave Eropagatron air- sea rnteractrons

Ronald L. Levin, S J

thermodynamrcs brologrcal mass and heat

ranst

John L. Lumle}i (Harvard), M.S.E.. Ph.D.
(Johns Hopkins): flurdd namrcs turbulence
and turbulence modelrn , geophysical
turbulence, stochastic processes

William J. McLean, B.S., M.S., Ph.D. (California,
Berkeley): thermodynamics, pollution control,

ombustion
Franklrn K Moore B.S., Ph.D. (Cornell): fluid
Knamrcs energys stems, thermal pollution
Richard M. Phelan, B.S.M.E. (Missour), M.M.E.
(Comell): mechanrcal design, vibration,
controls, lubrication

S. Leigh Phoenix, B.Sc. Guelph), P
{;Cog l) mechanrscal relragrlrly ggabrlpst?c
theories of material failure, composrte materials

Edwin L. Resler Jr, B.S. (Notre Dame Ph.D.

Cr])rnelrl | htem?erature a?] ynamrcs
llution control, ferrofluid mechanics

Shan-Fu Shen, B.S. (National Central, China),
Sc.D. (MJ.T.): aerodynamics, computational
fluid mechanrcs polymer processing

Dean L. Taylor, B.S, (Oklahoma State), M.S., Ph.D.
(Stanford): vibrations, dynamics, mechanical
systems and analysrs vehicle dynamics,
comPuter methods

Kenneth E. Torrance, B.S., M.S.M.E., Ph.D.

(Minnesota): heat transfer, computational fluid

mechanics, geophysical heat transfer

Kuo-King Wang, B.SM.E. (National Central,
Chrna;J M.SM.E. PhD. Wisconsin):
manufacturing engrneenng materials

Zellman War%aft BE. (Melbourne), Ph.D.
(London): experimental fluid mechanics,
turbulence micrometeorology
obert e, B.S. (Kansas),'M.S. (lllinois):
ubrrcatron product design, design of
components

Further Information

Further information about the M.S. and Ph.D.
degree programs may be obtained by writing to
the"Graduate Faculty Representative,”Mechanical
Eaneerrng Sibley Schagl of Mechanical and
Aerospace Engrneerrng Cornell University, Upson
Hall, Ithaca, New York 14853. Requests for further
mformatron ‘about the M.Eng. (Mechanical) degree
rogram may be addressed to the Faculty
e resentative, Master of Engineering
Mechanical), at the same address.



Nuclear Science
and Engineering

Nuclear science and engineering is concerned
with the understanding, development, and
application_of the science of nuclear reactors and
rzﬁ iations. .Tpe radua{)e rograms at Comell
allow specialization n basic huclear science, in
aPPhe nuclear engineering, or in a combination
ot the two, Minors may be Chosen in a variety of
other engineering or science fields.

A planned broadening of the nuclear science and
en%meenng gro ram’is und%r way with the
addition of new faculty members in the area of
fusion technology. This developing area bridges.
conventional nuclear engineering and research in
plasma physics, a field in which Comell has an
international reputation. Applicants with a
potential mtereﬁt,m this new aspect of the
program should inquire for additional, updated
information.

Three graduate degree pro?rams are offered. The
Master of Engineerin éN,uc ear) isa professjonal
degree; the Master of Science and Doctor of
Philosophy degrees are intended for those who

lan to pursueresearch or teaching careers.

egree program requirements and course
offerings are described fully in two other
mubllcatlons that mag/ l%e obtained ugon request:

e Announcement of the Graduate School and
Cornell University: De,scrg)tlon of Courses. Only a
brief summary is provided here.

The M.Eng. (Nuclear) de%ree program is intended
primarily for individuals who want a terminal
professional degree, bt it may also serve as
preparatjon for doctoral study in nuclear science
and engineering. The two-term curricular program
covers the basic nPr'mCI les of nuclear reactor
systems, with @ 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
growsmnfs and who are able to aﬁgl itto the

esign of reactor plants and aux(l r¥ equipment
and To the implementation of envirorimental
monitoring systems. Required courses treat
reactor safety and radiation protection and control
in depth; an elective course in environmental
radjoactivity and an elective seminar in physical
biology are avallable. The recommended
background includes a baccalaureate degree or
Its equivalent in engineering or applied science;
physics, mcludln? atomic and nuclear physics;
mathematics, Including advanced calculus; and
thermodynamics. Students should. have fulilled
these requirements before beginning the
program. In some cases, deficienciés in
preparatory work may be made up by informal
study during the preceding summer.

The M.S. and Ph.D, programs are qriented toward
research and require completion 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; because each
student ?Ians an individual program in
consultation with the faculty' members on her or
his Special Committee, there are no detailed
degree requirements. This apgroach, long a
tradlition of graduate, study{,a omell, is well
suited to interdisciplinary ields such as nuclear
science and engineering. Minor subjects may be
inany related engineering or science field.
Independent thesis research and formal and
informal interactions with staff members_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, of engineering, with
spr)]ec,lal emphasis on mathematics and modern
physics.
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Facilities

The Ward Laboratory of Nuclear Engineering is
the major facility at Cornell for graduate research
and teaching I reactor physics and engineering,
low-energy huclear structure physics, and nuclear
?nd radiation chemistry. The following primary
acllities are housed Irithe laboratory.

A TRIGA 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 gamma rays for activation analysis,
solid-state studies, and research In nuclear
physics. In additign to standard pneumatic and
mechanical transfer systems, the reactor has a
40-millisecond rapid transfer mechanism that
allows study and use of radionuclides having a
relatively short half-life.

A critical facility, O "Zero-power” reactor, of
versatile design. This facility, unique to Cornell
University, is Used for basic studies in reactor
ph){SICS and dynamics. Auxiliary equipment
includes a pulsed 14-MeV neutron generator used
for studies of reactor transients.

A shielded gamma cell With a 4,000-curie60Co
amma ra){]source. This is used for studies of
adiation chemistry and radiaftion damage.. .

Experimental versatility is facilitated by @ viewing

window and remote manipulators.

A.3 MV Dynamitron, OF Positive ion accelerator,
with up to 2.5-mA beam current. This is used for
studies of atomic and nuclear structure and

Cornell's TRIGA reactor, a source of neutrons
and gamma rays, is located in the Ward
Laboratory of Nuclear Engineering.
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high-intensity radiatjon damage. A lithium target
capable of power dissipation approaching 10,000
watts per square centimeter has been developed
for use in controlled energy neutron production.

Other special items of equipment in the Ward
Laboratory include two in-house minicomputers.
In addition, facilities of other depariments are
avTI%bIe. The general resourceﬁ of the University
include a computing s¥stem with a central
machine, several satellite stations, and a number
of teletypewriter terminals.

Areas of Research

Because of the wide range of available facilities,
thesis research miy be Undertaken in any of
several major areas. Research subjects In nuclear
science include Iow-,enerPy nuclear structure
physics, the interaction of atomic and nuclear
rocesses, synchrotron radiation studies using
he Comell 8-GeV electron stor,a?e ring, nucléar
geochemistry and cosmochemistry, and activation
analysis. Subject areas in nuclear engineering
include nuclear environmental engineering,
reactor plant dynamics and safety, experimental
and analg/tl,ca,l reaFtor Ehysms, néytron transport
theory, radiation effects on materials (including
fast-neutron damage), and radiation protection
and control. Another area is fusion physics and
technology. Some of the current projects are
described below.

The core of the TRIGA is twenty-five feet under
water.

Nuclear Reactor Engineering

A current research project is to develop fas}-
reactor plant models and computer codes for the
analysis of nuclear-plant transients and accidents.
Another project involves probabilistic safety
analysis of nuclear systems.

Graduate research js represented by the follow-
ing theses, listed with the supervisirig professor:
Pavlenco, G. 1976. P,nmar)( Ioog tran?ents and
accidents in a liquid-metal-cooled fast breeder
reactor. Ph.D. thesis 8(K. B. Cadaq. ,
Khatilb-Rahbar, M. 1978, System fiodeling for
transient analysis of loop-type liquid-metal-
cooled fast breeder reactars. Ph.D. thesis

_EK. B. Cadg). - . :
Mitra, S. 1978, Reliability techniques applicable to
nuclear systems. Ph.D. thesis (K. B. Cady).

Fission Reactor Physics

Basic research.in the kinetics of the neutron chain
reaction is carried out in conjunction with the work
on reactor plant dynamics discussed above, The
Cornell critical faclity is the main experimental
facility for basic reactor physics. One example of
research is the measurement of neutron
importance functions; another is the measurement
and interpretation of neutron density waves
Propa?atm? through muItlpr)(m média, Because
he critical facility is of ver¥ exible design, 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
measurement of neutron importance functions.
Journal of Nuclear Energy 24:529.
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A group of students inspects the zero-power
reactor core in the Ward Laboratory of Nuclear
Engineering.

Nuclear Materials Research

The economic and orderly development of
fast-reactor and fusion-reactor technology
regwr,es an understanding of the phenomena of
radiation-induced swelling and creep. An example
of Cornell research in this"area is the development
of atheory of void coalescence and growth that
accounts Tor the observed swelling and decrease
invoid density of stainless steels at low doses and
predicts behavior at high doses.

Two publications based on this research are;

Mansur, L. K.: Okamoto, P. R.; Taylor, A.; and Li,
C.-Y. 1976, Surface-reaction-limited void.
g%wth. ASTM special technical publication no.

Mancuso, J. F; Huang, F. H.. and Li, C.-Y. 1975
Fundamental aspects of radiation damage in
metals. In Proceedings of the international
conference (held Oclober 1975, in Gatlinburg,
Tennessee).

Low-Energy Nuclear Physics

Among projects now under way in this area is an
experimental study of isomeric’(metastable)
excited states in nuclei. The energies, spins
arities, lifetimes, and other parameters of these
evels can be compared with predictions from
theoretical models and thus can 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 fast-transfer system.

Isomeric states frequently decay by internal
conversion, producing vacanciés in the inner
electron shells of the atom, which results in x-ray
emission. A new method for determinin ,
properties of isomeric levels solely by observation

Arecentproject in which two M.Eng. (Nuclear?
students combined efforts was the Conceptua
des,lq,n of a fast-reactor park in which various

facilities needed for a complete nuclear power
generating plant would be centralized.

of these x rays has been developed in the course
of research on1&Ta. The method is applicable to
other nuclides.

The discovery of spontaneously fissioning isomers

and recent theoretical research at various

[aboratories have led to th% h gothess, of a new

type of isomerism called s ag 8 [somerism,
escribed in an article in Physics Today



Eﬂuapment for experimental work with the

TRIGA Is set up near one of the reactors six
beam ports. Professor David D. Clark works
with a graduate student.

(December 1971) by D. D. Clark. The
phenomenan, whicti is W|desgread among _
elements of atomic number 92 and higher, is due
to a double hump in the fission barrier. Nuclei in
the isomeric state are “stretched" into a cigarlike
shape, with the polar axis almost twice the
e%uatonal diameter, E>fp‘er|ment"s desi Red to
measure the degree of “stretch” and other
properties suchas the expected decay of the

isomer by modes other than fission are under way
with use of neutrons from the TRIGA reactor.

A new type of detector —the inner-shell vacancy
(ISV) détector—was recently conceived and
developed at Cornell in ordér to make feasible a
key series of shape-isomer experiments using
reactor neutron beams.

Examples of recent publications in this area are:

Clark, D, D.; Boyce, J. R.: Cassel, E. T; an
McGuire, S, C.. 1979, Low-lying levels of23U
from investigation of the twd-quasineutron
isomer in neutron garﬁ)ture experiments. |n
Proceedings of 3rd international symposmm on
neutron capture glamma-ray spectroscopy and
related topics (héld September 1978, at
Brookhaven National Laboratory).

Clark, D. D.; Kostroun, Y O.; and Siems, N. E.
1975. Identification of an isomer in Ag-110 at
1-2I§g5/5ex0|tatlon energy. Physical Review C

Interaction of Radiation and Matter

The interaction of energetic photons and matter is
beln? mvestllgated with” synchrotron radiation
emitfed by electrons accelerated by the 8-GeV
Cornell electron storage rin ,gCES ? The intense
synchrotron radjation, whicfi i$ continuous In
photon energy (3-300 keV), colimated (10
seconds of arc), and polarized, is being used in a
variety of experiments to probe the structure of
atomic aggregates and the consequences of local
Eon an atomic"scale) energY deposttion.

xperiments usmg synchrotron ragliation include a
study of the excitative and de-excitative
processes in atoms and molecules following
creation of specific inner-shell vacancies by the
photoeffect; a study of the immediate environment
of an atom or molecule in substances of
solid-state and biological interest (via the
extended absorPtlon ed?e fine structureg; the
determination gt photon Tnteraction €ross sections
as a function of photon energy; a study of photon
transport as a function of photon energy, shielding
material, and configuration; the quantjtative
determination of thé elements (phosphorus to
americium) in substances ny x-raX absorption
spectrometry and x-ray fluorescence; and x-ray
Interferometry.

The following two publications based on Ph.D.

theses are representative of research in this area:

Kostrun, V. 0., and Baptista, G. B. 1976. K-MM
radiative-Auger transition rates for argon.
Physical Review A 14:363.
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Kostroun, V. O.; Fairchild, R. W, Kukkonen, C. A,
and Wilkins, J. W. 1976. Systematic structure in
the K-edge photoabsorption spectra of the 4d
transition ' metals. Physical Review B 13:3268.

Nuclear Geochemistry and Activation Analysis

Research in multielement trace analysis of .
geological, metallurgical, solid-state, blologz_lcal,
and environmental materials by neutron activation
techniques is carried out with the TRIGA reactor.
Other analytical methods such as ion microprobe
techniques, spark-source mass spectrometry, and
atomic spectroscopy are also employed.

Examples of recent 8paﬁlers in this area are:

Morrison, G, H. 1978. Mass spectrometric
methads for trace elements in biological
materials. In Proceedings of international
symposium on nuglear activation ,techmques in
the life sciences. Vienna: International Atomic

Energy Agency. ,

Nadkarni, R”A., and Morrison, G. H. 1976.

Ne?trlon act|vat|on| d%termmatlon of notble
metals using a selective group separation
sc%eme. In ogem tren(% m,%cnﬁm,on
analysis, proceedings of 5th international
conference Mumch%, Vol. 1I, pp. 1057-1066

. 1978a. Multielement ana,();ss of ake
sediments by neutron acfivation analysis.
Analytica Chimica Acta ém press). ,

-, '1978h. Use of standard reference materials
as multielement irradiation standards in neutron
activation analysis. Journal of Radioanalytical
Chemistry (in press).

Above: A class listens to an explanation of the
zero-power reactor. Professor Vaclav O.
Kostroun is atleft.

Right: Students work in the control room.
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Fusion Physics and Technology

The scientific feasibility of fusion power is likely to
be demonstrated within the next rew years; at.
Cornell a program In fusion technolo%?/ that wil
complement the emstmg strong plasma physics
program is being started.

Most of the plasma Physu:s research at Cornell is
conducted through the Laboratory of Plasma
Studies, which coordinates and facilitates the
work of faculty members from several graduate
Fields, m,cludlnge Applied Physics, Electrical
Engineering, Mechanical Engineering, Aerospace
Engineering, and Nuclear Science and
Engineering. Ongoing research related to
controlled fusion’inclides both theoretical and
experimental work in plasma confinement and
heating, Bartlcularly with the use of relativistic
electron beams and ion beams. Cornell is
recognized as the leading unjversity in the
production and application of these beams to
controlled fusjon (as described by H. H.
Fleischmann in the May 1975 issue of Physics
Today). Specific projects now under way are.
concemed with the, production of maqnenc-fleld
configurations particularly suited for plasma
confinement by electron and ion beams, and the
use of ion beams for inertial confinement fusion.
This work is directed by H. H. Fleischmann

and D. A Hammer.

Fusion te,chnol,og}i combines conventional nuclear
engineering with knowledge about plasma
physics and with other technologies, such as that
of Superconducting magnet systems, that may be
re(ﬁuwed for the development %f fusion reactors.
For example, design features based on suc
standard nuclear engmee_nng considerations as
neutron transport and radiation-induced material
damage must be incorporated into a fusion-

reactor design in such a way as to be compatible
with the physics of the reacting plasma.

Among the facilities available for research

in fusion physics and technology are the
nuclear reactors and radiation Sources
previously described, as well as a variety of
magnetic-confinement systems and
intense-particle-beam génerators. The latter
cate or¥ includes pulsed-power generators with
powers from 100to 5 x 10"1watts for pulse

durations of 10~7seconds. Electron beams of 10"

watts and proton beams In excess of 100watts
are routinely produced by these generators.

The following ﬁ)apers are among those recently
prhshed in'the area of fusion-Telated plasma
SicS:
o%k, D. L. Hammer, D. A and Turchi, P.J. 1978.
Theoretical studies of the formation and
adiabatic compression of reversed-field

A 3-MeV dynamitron, a low-energy, high-current
ion accelerator, is used in studies of nuclear
structure and radiation damage. Professor K.
Bingham Cady is at right.

configurations in imploding liners. Nuclear
Fusion 18:159. ,

Davis, H. A Rej, D. J.; and Fleischmann, H. H.
1977, Production of field reversing electron
28%84 Ey ring stacking. Physical Réview Letters

Fleischmann, H. H., and Kammash, T. 1975. The
ion ring compressor approach to fusion.
Nuclear Fusion 15:1143.

Hammer, D. A., and PaPadopoulos K. 1975.
Tokamak heatln% bg elativistic electron beams.
Nuclear Fusion 15:977.
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Faculty Members and Their
Research Interests

Faculty members in a number of University
deparfments are engaged in research programs
that place a major emphasis on nuclear science
and engineering. The followin g list of facult
me bers in the grﬁduaée Field of Nuclear cience
Engineering, their departmental or other
Unrversrty affiliations (in arentheses) and their
areas of Interest related o this field indicates the
sco e of research that can be undertaken:
Eng eaernnCadyéNArclﬁ%r Se(frlre E?rgan]ger ng
r led Ineeri
hysics), BgS Pth | T): nuclear
engrneenng nuclearenvrronmental
engineering, nuclear reactor Physrcs
Alison PCasarett thr]/srcal Bio g){ B.S. (S,
Lawrence ochestér): radratron

roo srcal biolo

Davrd §y CD ar)l< Nucllsear%ence and Engrneerrng
an and Engin enn sics
Ph.D. Fgaﬁ%rn?a Berke %uclgar s?ructure
physics, nuclear rnstrumentatron

Hans H. Fleischmann (Applied and Engineering

Physics), Di IPhK rrer.nat. (Technical
Unrversrty, unich): thermonuclear power,

Charles D Gyates (Civil and Environmental
qrneerrng BA (Williams), M.S. (Harvard):

nuc ear environmental engineering

David A. Hammer gNuclear clence and

Engi neerrn ), B.S. (California Institute of
Technology}, Ph.D. (Comell): plasma physics
and controlled fusion

Bryan L. Isacks (Geological Sciences), A.B., Ph.D.
Columbia): seismological aspects of nuclear
power siting
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Vaclav O. Kostroun (Nuclear Science and
Engrneerran and Applied and Engrneerrr[r)g
hysics), B.Sc., M.Sc. (Washington
(Oregon nuclear structure physrcs interaction
ofatomrc and nuclear r0Cesses, atomic physics
Ch eYu Li 1(Materras Scr nce and En Ineerin
h awan College of Engineerin ‘i PhD
Corne nuclear materials, fast-neutron

Srn’wson Lrnke Electrrcal Engineering), B.S.,

EE Corne ). energy conversion and

transmrssron

Franklin K. Moore gMechanrcal and Aerospace

Engineering), B.S., Ph.D. (Cornell): thermal

eng rneenn energ conversron

Geor orrrson(Dhemrstryz BA ( Brooklyn
g Princéton): nuclear

geoc emistry and cosmochemrstry activation

Mark lzlelkrn Applied and Engineering Physics
dt S %p h.D. Cornellfl neutro% sc)atterr)ng
an

James S. Thpor (Electrical Engineering), B.EE.,
MS Ph.D. FCornell) systems engineering,

trols
Robert L. Von Berg (Chemical Engineering), B.S.,
M.S. (Washrngtgn)( Sc.D. (MIT% radra%
chemistry

Addrtronal faculty members available as advisers
(Nuclear) projects are:

Peter Ger ely Structura En rneenng PE.;
B.Eng. (MCGill), M.S., Ph.D. (llinois): seismic
engineerin

John C. Thomgpson Jr. (Physical Brolog% BS.,
M.S. (Virg rnra Pol technic Institute

Comne ratron biology, ph srcal brolo
éhard lp ?te StructurgJ Eﬁ ryneenn P%y

D (Wisconsin): nuclear structural
engrneerrng

Further Information

Further information about the M.S. and Ph.D.
degree programs may be obtained by writing to
the Graduale Faculty Representative, Nuclear
Science and Engineering, Comell University, Ward
Laboratorg of Nuclear Endrneenng lthaca, New

ork 14853. Req uests for Turther nformation about
the M.Eng Nuc lear) degree program may be
addressed to the Faculty Representative, Master
of Engineering (NuclearY at the above address.



Operations
Research

The graduate Field of Operations Research offers

Ph.D. and M.S. degree Erorqrams in operations

research, with four-areas of concentration:

applied probability and statistics, industrial and

systems engineering, information processing, and
athematical programming.

Also offered, under the auspices of the School of
Operations Research and Industrial Engineering,
iS a one-year program leading to the professional
degree of Master of Engineering (OR & IE).

More than sixty-five full-time graduate students,
including thirty from foreign countries, are
currently registered in these programs.
Approximately one-third of the students hold
undergraduafte degrees in mathematics; the
others'majored In €ngineering or other sciences.

Inthe Ph.D. and M.S. programs;the problem
areas and techniques of operations research are
aﬁpro_ached from a highly ‘analytical viewpoint.
Theories and techniques from mathematical
program,ml_n (linear, nonlinear, dynamic, and

pro ab|||,st|c?, combinatorics, the theory of games,
stochastic processes (ci,ueumg and inventory)
scheduling, and simulafion aré developed and
used extensively. Consideration is given to the
construction of appropriate mathematical models

to represent varjous real-life operational systems
and 10.the Hevelo ment of te &mgues fgr
analyzing the performance ot these models. Each
student pursues a course of study and research
that em,P,hasues the use of the mathematical,
probabilistic, statistical, and computational
sciences. The ultimate goal may range from
making a fundamental Contribution to the
techniques of operations research o applying
techniques to problems in diverse fields.

Detailed descriptions of the four areas of
concentration are given below.

Applied Probability and Statistics

This area of study and research is ,ap{)ropnate for
students whose gnmary interest is in the
techniques and assoclated underlying theorY, of
probability and statistics, particularly as applied to
roblems’arising In science and engineering. The
echniques emphasized are those associated with
applied stochastic processes (for example, queuing
theory, traffic theory, and inven orY theory)
and stafistics gncludm statistical decision theory:
the statistical aspects of the design, analysis, and
interpretation of experiments and of ranka and
ic,feledctltogl theory; reliability theory; and analysis of
ife data).

Those who elect to work in this area are expected
to acqb|re_con&derab_le,knowledge of the theory
of probability and statistics. All students who
major In applied probability and statistics are
required to have the equivalent of a minor in
mathematics.

Industrial and Systems Engineering

The analysis and design of complex operational
%ystems are the central concerns in this area.

roblems occurring throuqhout modern society
are considered. These include manufacturing

roblems, such as the design of integrated

roduction, the establishment of inventory and .
distribution systems, plant design, and economic
analysis of engineering processes. Problems
corrected with gove_rnmen,t, bankml% and.
public-service administration are alSo major
subjects of study and research.

Students who specialize in this area are expected
to have the ability to use modemn analytical
techmgugs in the de5|%n an ana{l]yg;,ls of fsystems;
they need to acquire an understariding of
inventory theory, scheduling theory, queuing
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the,og, mathematical grogrammmg, comguter
sclerice, and computer simulation. Research
activity may involve the development of new
methodology or the synthesis of existing
knowledge:

Information Processing

Information processing deals with the analysis
and design of systems that record, transmit, store,
and process information. Emphasis is on the
application and integration of equipment rather
than on the design of machines. Areas of interest
include systems Tor information retrieval,
manufactunn% control, and traffic c,ontrﬂl. This
subject also includes such underlying theoretical
topics as data structure, operating system
organization, and computing language structure.

The principal campus computln? facility is an IBM
3707168, with on-line operation from many
campus locations, A satellite computer, directly
connected to the 370/168, Is located in Upson
Ha(q, where ,tl]e School of O,pehratlong Research
angd Industrial Engineering is housed.
Teletypewriter terminals are also available.

Mathematical Programming

Work in mathematical programming traditionally
consists of linear, nonlinear, mteqer “and
combinatorial é)rogrammln? (including network
flows and schedufing theory). Research in these

Left abﬂve: Professor William Lucas lectures on
game theory.

Left below: Graduate students discuss class
problems with Professor Howard Taylor 3d.



areas ranges from the development and
application of computational algorithms (exact
and approximate) to the associated studies of
duality theory, convex analysis, fixed-point
techniques, Hoolyhedra, combinatorics, and graph
theory. Another aspect is game theory —the™
general study of conflict and cooperdtion —which
includes considerations of the properties of
solutions and applications in economic market
theory, bidding ‘and auctions, cost-allocation
schemes, and voting procedures.

Minor Subject Areas

In addition to choosing a maBr subject, a
candidate for the M.S; or Ph.D, degree selects a
minor, WhIth mak\{ be in 0 eratlon? research orina
subject offered By another field of the Graduate
School. Appropriate minors that have been
chosen most frequently in recent years (listed with
the departments or schools that offer these

ourses of study) are computer scienc _
ECo_mputer SCIe ceS, econometrics and economic
statistics (Economics) Eub,hc systems planning
and analysis (Civil and Environmental ~
Englneen,ng&, managerial economics (Business

nd Public dmlnlstranon?, mathemanc(?
Mathematics), and planning_theory and systems
analysis (City'and Regional Planning).

Right above: An informal 9athe,rinag precedes

the req_ularcollo uium ofthe Field'of

Operations Research. At the center of this

%roup are Professors Jack Kiefer (at left) and
obert Bechhofer.

Right below: Graduate students discuss their
Ferf(t)fem work with Professor John Muckstadt (at
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Areas of Research

A research project is an important 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
doctoraté are encouraged to apply for a Ph.D.
program at the outset.

The range of research opportunities is suggested

by the rogects currently under way:

Applied Sfochastic Processes (sponsored by the

ational Science Foundation

Apﬁ)roxmatjn Nonparametric Problems by

arametric Problems with No Loss of
Asy{m totic Efficiency (sgonsored by the
National Science Fodndation)

Component Manaaement (sponsored by the
Oftice of Naval Research) ,

The Cooperative Theory of Behavior and Its
Apgllcath ns (sponsored by the Office of Naval
Research) - :

Initialization"Bias in Simulation Experiments
(spansored by the National Science Foundation)

In esthgatlons in Discrete O tlmazatlo (sponsored

?{t e Natjonal Science Foun anon,l

Multiple Decision Selection and Ranki gR

Brf(f),cedures (sponsored by the Army Research
ice, Duy

PL/C Compiler Development (sponsored by the
IBM Corporation and Siemens Corporation)

Privacy and Security in Information Systems *
(sponsored hy thé National Sciencé Foundation)

Probab||,|t){ Models in Engineering Structures and
Materials (sponsored Dy the National Science
Foundation ,

Problems in Complementarity Theory (sponsored
by the National Science Foundation

Research on n-Person Games (sponsored by the
National Science Foundation)
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Above: Professors Michael Todd, Leslie Trotter,
and Louis Billera (left to right) discuss a
research project in their specialty area of
combinatorial optimization.

Right: Visiting specialists such as Professor S.

S. Gupta front Purdue (at center) fretiuently

speak atgollo%ma. At rightis Cornell Proféssor
omas Santner.

Statistical Engineering (sponsored by the Office of
Naval Reséarch) ,

Statistical Methods for Environmental Health
Studies (sponsored by the National Institute of
Environmental Health ‘Sciences)

Statistical Procedures for,Anal}/zmg, Data from
Reliability and Life Testing of Engineering
Systems (sponsored by the National Science
Foundanon?



Some books and recent research papers by

faculty members are;

Bechhofer, R. E.; Kiefer, J.; and Sobel, M. 1968.
Sequential identification and rankmfg ,
procedures. Chicago: University of Chicago

Press.

Billera, L J.; Heath, D. C.; and Raanan, J. 1978.
Internal telephone billing rates —a novel
application of non-atomic game theory.
‘Operations Research 26 (i press).

Billera, L. J., and Provan, J, S, 1976?,. A

ecomposition property for simplicial
complexes and s relafion to diameters and
shellings. Annals of the New York Academy of
Sciences (in press). .

Conway, R. W, and Gries, D. 1975. An
introduction to programming; a structured
approach using PL/1 and PL/C-7, 2d ed.

ambridge, Mass.: Wlnthr%p. , ,

Karlin, S., and Taglor, H. M. 1975, A first course in
stochastic processes, 2d ed. New York:
Academic Press. ,

Lucas, W. F 1977, Game Theor}/]. In Encyclopedia
of computer smenTe and tec nolo%, vol. 8, ed.
J. Belzer, A G. Holtzman, and A. Kent, pp.
363-392. New York: Marcel Dekker.

Maxwell, W. L.; Miller, L. W., and Ginsberg, A. S.
21975. Aﬂ expenmentaﬁl investigation of priority

Ispatching In a simple assembly shop.
Logistics 11125, .

Muckstadt, J. A 1973. A model for a multi-item,
multi-echelon, multi-indenture_inventory system.
Management Science 20(4):472.

Nemhauser, G. L. Cornuejols, G.: and Fisher, M.
1977, Location of bank accounts to optimize
float: an analytic study of exact and ,
ag roximate algorithms. Management Science
2 ES): 789

Nemhauser, G. L. and Garfinkel, R. 1972. Integer
programming. New York: Wiley.

Nearly half of Cornell’s Ph.D. alumniin
operations research attended a recent anni-
versary reunion and conference on campus.
Amon? those Eresent were (left to right)
Robert Rovins [y a mathematical anaIYStWHh
the U.S. Depariment of Agriculture: Stephen
Kennedy, faculty member-at San Jose College;
William “Costello of the Sidney Farber Cancer
Center, a coordinator of multiclinic cancer
trials; and Ellen Chermavskly an energy analyst
at the Brookhaven Nationa Laboratofies.

Prabhu, N. U. 1965. Queues and inventories. New
York: Wiley. , . .
Santner, T. J;, and Rinott, Y. 1977. An inequality for

multivariate normal probabilities with application
to a design groblem. Annals of Statistics 5:1228.
Spitzer, F L 1964. Principles of random walk.
Princeton; Van Nostrand. .
Tagqu, M. S. 1977. Law ?f the |terat?d logarithm
sums of non-linear functions of Gaussian
variables that exhibit a long. range dependence.
Z. Wahrscheinlichkeitstheorie und Verwandte
Gebiete 40:203. _ , _
Todd, M. J. 1976. The comﬁutatlon of fixed points
and applications. Berlin-Heidelberg:
Spnnger-VerlaE. ,
Trotter, L. 1975. A class of facet producing graphs
for vertex _packmg golyhedra. Discrete
Mathematics 12:373.
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Turnbull, B. 1976, The empirical distribution
function with arbitrarily grouped censored and
truncated data. Journalof the Royal Statistical

WSOCletyl%%%:zgo' fial test ltingmial
ejss, L. 1977. Sequential tests on @ myltingmia
d|str|l5ut|0n ande Markov chain. Stochastic
Processes and Their Applications 6(1):1.

An idea of the specific research conducted by
raduate students, and also of the kind of jobs
ey assume after receiving their degrees, may be
obtained from the following list of recent Ph.D.
recipients. The place of employment, the thesis
topic, and the supervising professor are given for

each graduate. , ,

Russell Barton: Mathematica, Princeton, New
Jersey. Regression models for grouPed,
censored Survival data with an application to.
exoffender post release performance evaluation

(E. TueruIIE

Robert Blau: Chase Manhattan Bank, New York.
The problem of scheduling independent jobs
with simultaneous multiple” resource
requirements (W. L, Maxwell). _

WaEgne[ Borges: Instituto de Matematicae
Statistica, Universidade de Sao Paulo, Brazil.
Extreme, value theory m_tnanPuIar arrays with
appllcaTtlaoTs to the stability of fibrous materials

. M. Taylor).

Bharat T. Dgshu Department of Statistics, Rutgers
University. Continuous time control of Markov
Brogﬁsses on an arbitrary state space (N. U.

rabhu

Peter H. r!arquhar:, Graduate School of Business,
Harvard University, Fractional hypercube
decgnﬂposn)lons of multiattributé utility functions

. E Lucas).

James R. Fergusson: Bureau of Management
Consultm% Supply and Services, Offawa,
Canada. Enumerative algorithms for separable
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non-convex programmm? problems:
methodolo%y for'a short-ferm flood control
‘model (G, L' Nemhauser).

Richard Gelber. School of Public Health, Harvard
Umver3|t¥. A se<1 ential, oodness-ci(-flt test for
composite hypotheses involving unknown scale
and location"parameters (‘L. Weiss).

Jefrey Hooper; Bell Laboratories. Selection

rocedures for ordered families of distributions
. J. Santner). .

Joseph Raanan; Bell Laboratories. The value of
the non-atomic game arising from a rate-setting
.application and Telated problems (L. J. Billera).

Ajitkumar Tamhane: Department of Industrial
Engineering and Management Sciences,

A group project for M.Eng. (OR&IE) students
was to work with engine€rs from a nearby parts
manufacturing company to set up a new
process for the manufacture of blocks. Here
Professor William Maxwell (at left) and a
student confer with an assembly worker.

Northwestern University. On minimax multistage
elimination type rules for selecting the largest
normal mean (R. E. Bechhofer). =

Robert J. Weber: School of Organization and
Management, Yale University. Bargaining
solutions and stationary sets for n-person
games (W. F Lucas).



M.Eng. (OR & IE)

Degree Program

The main objectives of the program leading to the
grofessmnal degree of Master of Engineering (OR
IE) are to give each studeqt reatér breadth.
and"depth of technical knowle %e and to provide
an environment in which he or she can s1ynthe5|ze

the material studied in the course work. The
emphasis is on mathematical modeling and on the
\%}Jﬁhcanon of quantit t%e ,techn@ues,assouatﬁd

Ith optimization, probability, and’statistics to the
design and operation of systems.

Students are required to complete an engineerin
project in which they have the opportunity to wor
closely with practicing engineers or analysts as
well a5 with Cornell faculty members. Thé prO{e,cts
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 resuls.

Faculty members of the School of Operations
Research and Industrial Enginegring who are
available to sur?e{wse M En% (PR IE) C|%rorjects
are R E. Bechhofer, J. Bloom, T 0. Boucher, D. C.
Heath, W. L Maxwell, J. A. Muckstadt, G. L
Nemhauser, N, U. Prabhu, T. J. Santner, L W

Schruben. A. Schultz, L E. Trotter, B. W, Tumbull,
and L. I, Weiss.

The following list of recent and current project
titles, with the supervising professors, is

Graduate students in operations research hold
an annual picnic at a nearby state park.
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trﬁpr%a_sledntative of the M.Eng. work undertaken in

1S field:

Analysis of Subjective Data Usm% o
Multidimensional Scaling and Tonjoint
Measurement (B. W. Tumbull, T. J. ‘Santner)

Data Sensitivity Study for a Linear Programming
Refinery Model (L.’E. Trotter)

Forecasting Price Changes of Spare Parts for
Maintenance Materials (A. Schultz)

An Investigation of Operations Characteristics of a
Material"Flow System (W. L. Maxwell)

Stress Analysis for Print Characters (D. C. FHeath)

A Study of Xerox Spare Parts Logistics at the
Branch - Technical Representative - Customer
Interfaces (J. A. Muckstadt)

Faculty Members and Their

Research Interests

Robert E. Bechhofer, A.B., Ph.D. (Columbia):
ranking and selection procedures, design of
experiments, medical statistics

Louis J. Billera, B.S. &Rensselaer), M.A., Ph.D.
(CltybUn|t\/erS|ty of New York): game theory,

ombinatorics

Robert BqanJ B.S., M.S., Ph.D. #,Cornell): network
flows, é\raph theory, mathematical programmmg

Jerema/ oom, B.S. (Carnegie-Mellon), SM.,
Ph.D. (MLT.): systems engineering, energy
economic

S

Thomas O. Boucher, B.S. (Rhode Island), M.B.A.
(Northwestern), M.Phil, (Columbia): engineering
and industrial economics

Richard W, Conway, B.M.E., Ph.D. (Comell):
Information processing systems
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John E. Dennis, B.S., M.S. (University of Miami),
Ph.D. EUtah): numerical optimization

Eugene B. Dynkin, Cand.Scl., D.Sc. (Moscow):
g)r.obgblh%/ tﬂeory atWematlc Ieconomhcs

David C. Heath, A’B. (Kalamazoo), M.A., Pn.D.

(IIImms}Q; applied probability

Jack C. Kiefer, B.S,, M.S. (M[T.), PhD.
(Columbia): statistical decision theory, optimal
experimental design ,

William F Lucas, B.S., M.A. (Detroit), M.S., Ph.D.
(Michigan): game theo% combinatorics

Walter R”Lynn,"B.S.C.E. (University of Miami)
M.S.C.E."(North Carolina), Ph.D."(Northwestern):
environmental systems

William L. Maxwelf, BM.E., Ph.D. (Comnell):
scheduling, materials handling, simulation

Johrﬁ A. Muckstadt, A.B. éRochestelrg, M.S., MA,
Ph.D. (Michigan): inventory and logistics control

George L. Nemhauser, B.ChE. (City College of
New York), M.S., Ph.D. (Northwestern):
maﬁhema |caltﬁ]rogram mg

Narahari U, Prabnu, B.A. (Madras), MA. .
(Bombay), M.Sc. (Manchester):”stochastic
Processes, queum and storage theor

Thomas J. Santner, B.S. (Dayton]; M.S., Ph.D.
(Purduegz staistics

Byron W._Saunders, B.S. (Rhode Island State),
zliwriasl' ?Stevens): industrial systems, economic

Lee V\l.ySchruben, B.S. (Comell), M.S. (North
Carolina), Ph.D. (Yale): applied operations
research, health Systems

Andrew Schultz, Jr., B.S., Ph.D. (Comnell): systems

anal}ism , .

Frank L. SPIIZE[, B.A., MA., Ph.D. (Michigan):
probability theo&v

Murad S. Tagqu, B.A. (Lausanne), MA,, Ph.D.
(Columbia): anglled E{)robablhtP/ and statistics

Howard M. Taylor 3d, B.M.E., M.IE.. &Cornell),
Ph.D. (Stanford): applied probability

Michetlel J. Ttoddl, B.A. (Cambridge), Ph.D. (Yale):
atical programmin

Leg\?erlfr?rotter,, Rr., %% {Brn?ceton), M.S.
Georgia Institute of Technology), Ph.D.
Corné I]): mathematical programmin

Bruce W. Turnbull, B.A. (Cambridge), M.S., Ph.D.
(Cornell): biomedical statistics, quality control,
Teliabilit ,theoEy ,

Lionel I. Weiss, B.A,, MA., Ph.D. (Columbia):
statistical decision theory, nonparametric
statistics

Further Information

Inquiries about graduate programs in the Field of
Operations Research may be addressed to the
Graduate Faculty Representative, Operations
Research, Coméll University, Upson Hall, Ithaca,
New York 14853 Inquiries about the professional
degree program may be addressed fo the Faculty
Representafive, Master of Engineering (OR & IE),
at the same address.



Theoretical and
Applied Mechanics

Mechanics is the study, by mathematical analysis
and experimental opservation, of the motion and
deformation of solids and fluids. Although its
historical roots are deep, it is a particularly
modern subject because it is basic to so many
areas of modern technology.

Graduates of the Cornell programs in theoretical
and applied mechanics, having acquired a solid
background in fundamentals, are able to carry out
analylical or experimental research of high quality
and are prepared to handle many modern
%ggjlpeeenng problems of an interdisciplinary

The graduate Field of Theoretical and Applied
Mechanics Is sponsored by the faculty of the
department of the same name. Its programs offer
students a broad education in the mechanics of
rigid and deformable bodies (solids and fluids)
applied mathematics at an advanced level, and
modem experimental techniques. After a certain
amount of course work, usua I¥) one year for M.S.
candidates and two years for Ph.D. tandidates, a
student is supervised by one or more faculty
members in thesis rﬁsearch. As can be ﬁeen from
the areas of research below, topics that have
been selected recently are quite diverse.

The principal areas of teaching and research are
solid mechanics, fluid mechariics, dynamics and
space mechanics, biomechanics, mechanics of
materials, and related mathematical methods. Al
students ma{orm in the field are required to
minor in another Tield of the Graduate School,
chosen according to their research interests and
needs. Minors fréquently chosen are aerospace
engineering, applied mathematics, applied
physics, astronomy, electrical engineering,
geophysics, mechanical en meer,mg, physics,
and stfuctural engineering. The Field of

Theoretical and Applied Mechanics has no HPId
course requirements, so that highly individua
programs can be planned by astudent together
withthe student's major and 'minor advisers.

The field has maintained a steady number of
Praduate students (about twenty-five), who come
rom a variety of academic and geographic
backgrounds, The normal residénce period for a
student entering with a bachelor's degree Is one
and one-half yéars for the M.S. and four years for
the Ph.D.: mast study for the doctoral degree.
Alm%st all stydents are sug_ported either g/
teaching and research assistantships (of about
equal financial value) administered by the
Department of Theoretical and Applied
Me%hamcs, or by Uﬂwe]*rsnz fellowships awarded
y the Graduate”School. SUmmer support Is
available on a somewhat more limited"basis.

Teaching assistants are asked to lead problem
sessions (classes of about twenty students) of
various undergraduate_courses in mechanics and
engineering mathematics or to assist in the
laboratories of strength of materjals and
dynamics. As a result they usually have a sounder
understandln%o_f basics.and are better prepared
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 progects sponsored by
gov,ernment a%enmes or industry. Currently the
ubjects of sponsored projects are creep and
relaxation of metals at high temperatures;
sca_tterm? of ultrasonic waves and nondestructive
testing of materjals; interaction of electromagnetic
fields with the deformations of insulators,
conductors, and superconductors (in connection
with fusion reactor desr%%;n ﬁnd,mag’netlcalg _
suspended vehicles); mechanics of compasite
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materials; mathematical anal¥sis of combustion;
ma _netofu{drodynamlc duct flow; and dynamical
studies of the early evolution of the solar system.

Students who wish to prepare for professional
engineering careers generally seek the degree of
Master of Engineering (Engineering Mechanics).
This degree program reqwres a minimum of thirty
credit hours of graduate-leve| work in engineering
mechanics, including an englnee,nn? desgn "
project. Courses are"in such subjects as elasticity,
plasticity, advanced dynamics, waves and
vibrations, fluid mechanics, and engineering
mathematics. The program is generally completed
in one year.

Facilities

The Department of Theoretical and Applied
Mechanics has laboratories well equipped for
experimental work in stress analysis, vibrations,
ultrasonics, magnetoelastic interactions, and
Inelastic deformation of materials. Various facilities
for materials_processing, available through the
Materials Science Center, can be used by
students interested in aspects of the. mechanics of
materials, such as creep and relaxation, cyclic
loading and fatigue, and deformation at high
temperatures or pressures.

The, Unlversn)('s extensive computer facilities are
available to all students. They are supplemented
by departmental anagoH, cor?]puéers and

inicomputers. In addltion the department has a
PDP 11/40 computer system for on-line analysis
of experimental data arid for numerical analysis of
medium-sized research problems.
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Areas of Research

Examples of research projects in the areas of
biomechanics, dynamics, fluid mechanics, and
S%j mechanics ar?, descrlbgd bnefh{)b_elow. In
addition interdisciplinary studies are ‘being
actively pursued in cooperation with other fields of
the Graduate School. Examples are the dynamics
of fryit harvesting (agricultural engineering),
studies of fiber-feinforced materials (civil and
environmental engineering, materials science and
engineering), and work on the origin and
dynamical evolution of the solar system
(astronomy and space sciences, geological
sciences).

Several professors have also been elected to the
faculties of other graduate fields, They are J. A.
Burns (astronomy and space sciences), J. T.
Jenkins (applied m,athemaUCSg, P J. Holmes
applied mathematics), G. S. S. Ludford
aerospace en mee,nngi, applied mathematics),
and RH. Rand (agricuftural engineering, applied
mathematics). Some of their research constitytes
contributions to these other disciplines as well
as to theoretical mechanics.

Biomechanics, Biomathematics, Bionics,
and Robots

Research in this area has two goals. One isto
study biological systems and their organization in
order to devVise iniproved, engineering systems.
The other is to use analytical engineering
e.ch ues to |m_ﬁrove e un?%r_st ndm? of
0 og? and the interactions of biological systems.
An acfive area of research involves the modeling
of biologically important materials such as

blood cells, tendons, and contact lenses. ,
Principles of mechanics and applied mathematics
are being used to help understand how leaves
breathe and why stomata open and close.

Examples of publications in this area are;

Block, H. D.; Lewis, D. C.; and Rand, R. H. 1977.
Visual perception, invariants, neural nets. In
IEEE international symposium on information
theorP/, p. 85. New York: Institute of Electrical &
Electropics En?mee,rs, and Union Radio
Scientifique Infernationale.

Jenkins, J. T, 1977, Static equilibrium
configurations of the red blood cell. Journal of

Mgthematlcal BIO|O% 4:149. _

Rand, R H. 1978. Atheoretical analysis of C02
absorption in sun versus shade leaves. Journal
of Biomechanical Engineering 20:100.

Dynamics and Space Mechanics

Dynamics lies at the center of mechanics. Studies
n d}/]na_mlcs often require a deep understanding
of physical phenomena and alsg can involve
sophisticated modern mathematics, Both of these
a?rPects,are evident in research at Comell, which
emphasizes applications related to space
research and investigations of nonlinear
processes.

The stud?/ of dynamics originated in mvestlganons
of the solar system; the modem counterpart is
space mechanics, which has gained particular
significance in light of the achievements of the
national space program. Comell research in the
area of space mechanics is concerned with the
long-term evolution of the solar system, the
rotation of celestial bodies, inclu mlg planets,
asteroids, natural satellites, and pufsars, and the



deformation of the crust of the Earth and other
planets Also, in the tradmon of rational
mechanics, physical rob ems continue to
stlmulﬁte excmng mathemaical P ses; for
example, recent’studies at Corne s ow that
|nstab| ities occurring in magneticall y Iewtated
vehicles can be exP ained in terms of the.
nonperiodic orbit structures now_known to exist for
a wide class of differential ecguanons In other
work a new understanding of nonlinear dynamical
}/stems is emer ing from’studies of the topology
solution surfaces.

Problems under study are indicated by the
following recent pubhcanons and theses (listed
with the superwsm% professor):

Burns, J. A. 1977. Orbital evolution. In Planetary
satellltes ed. J. A. Burns. Tucson: University of

Arizona Press.

Bumns, J. A; Lamy, R L, and Soter, S. 1978,
Radiation forces actlnP on small particles in the
solar system. Icarus: International Journal of
Solar gstem Studies (in press).

Halmes, P.J. 1977. Blfurcatlons fo divergence and
qutter in fl w nduced oscnlatlons Journal of
Sound and Vibration 5

Johnson, T. 1978 Ana pI|cat|0n of the calculus of
variations to the existence of periodic matjons in
a class of nonllnear dynamical systems. Ph.D.

SIS
Mon% L'A, andﬂ Rz)nd R H. 1977, The stability
of bifurcating periodic solutions in a
two- deygree of-freedom nonlinear sgstem
Journalof Applied Mechanics 44.782

Two graduate students, Peter Carruthers and
Leslie Month, discuss the geometric
representation of a dynamical systems
problem.

151



Professors Francis C. Moon (left) and Joseph A.
Burns ms?e,ct amodel of a magnetically
levitated train.

Fluid Mechanics

In the area of fluid mechanics several research
projects with significant a%)hcanons are under.
Wa%. For example, maﬁne hgdro_dynamlc studies
of the flow of electrically con uctmg fluids in
ducts are relevant to both the fast-breeder reactor
and proposed fusion reactors. Other projects with
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potential applications are concerned with the
mechanics of magnetic fluids, the theory of
rotating flows, (in particular, vortex breakdown),
and combustion.

Representative publications and theses on these

sub&ects are; S

Jenkins, J. T 1978. Flows of nematic liquid
c?vstals. Annual Review of Fluid Mechanics

197,

Lué ord, G. S. S. 1978. Current status of MFID
duct flow. In Proceedings of 2nd Bat-Sheva
international seminar on MHD flows and
turbulence (held in March 1978, Beersheva,
Israel). Wiley-Israel University Press (in press).

Matalon, M. Ludford, G. S. S,; and Buckmaster, J.
D. 1978, Diffusion flames n a chamber. Acta

Astrongutica Sm press). _
Normandia, M. J. 1978. Mathematical theory of
liquid fuel drops and monopropellants utilizing

0ps
the Clausms-é)la eyron relation. Ph.D. thesis
G.S S Ludford?.

Solid Mechanics

Research is being conducted on a variety of
newly developing aspects of solid mechanics.
Fundamental work on the theory of elasticity,
plasticity, continuum mechanics, stress-wave
propagation, magnetoelastic interactions, and.
dynamic instahility of structures has been carried
out at Comell for many years.

Currently there is active research onthe
scattering of elastic waves b?/ inhomogeneities in
solids (cavities and. solid or fluid inserts);

ex ebrlme ta| techni u?s of ultraso[ncs are
combined with the analyss of single or multiple
scattering of waves in solids to détect the size
and mateérial properties of the inhomogeneity. The
results are of great,mportance,m quantitative
nondestructivé testing' of materials.

Another active research program s concerned
with the time-dependent inefastic behavior of
metals, polymers, and ceramics at elevated
temperatures. Included is the analysis of creep,
relaxation, thermal stresses, and res@ual stresses
In the major structural components of nuclear,
reactors. Experimental investigations are carried
out in conjunction with membgers of

the Department of Materials Science and
Engineering.



One facet of research in the nondestructive
testing of materials is the use of ultrasonjc
waves to measure stresses in metal specimens
under uniaxial loading.

The statics and dynamics of composite materials
are also under mve,sthatlo,n. Topics include the
determination of anisatropic properties, wave
propagation in layered composites, and the
inelasfic failure mechanism of fiber-reinforced
materials. Measurements of dynamic properties of
new composites and other anisotropic materials
are made in the ultrasonic laboratory.

A new program on the interaction of magnetic
fields with elastic structures involves the”
theoretical study of electromagnetic forces in
solids, the dynamic stability of structures, and the
Interactions of superconducting_coils with
sel-generated magnetic fields. The recently

A graduate student analyzes data on the
scattering of elastic waves by an obstacle.

established laboratory has cryogenic facilities and
large, charge storage banks. This research has
direct application to the magnetic forming of
nonferrous materials, ,ma%netlc levitation'of
vehicles, and the design of superconducting coils
for fusion reactors.

153



Other current studies, involving both experiment
and theory, are concerned with the mechanics of
structured continua and liquid crystals, nonlinear
vibrations of plates and beams, dynamic stresses
in thick-walled vessels for the containment of
nuclear reactors, lubrication of elastic bearings,
acoustoelastic stress analysis, and acoustic
emission.

Recent publications and theses based on work in
these projects include: =~ o
Chian, C."1978. ,Mag{netlcally induced cylindrical
stress waves in a thermoglastic conductor.
Ph.D. thesis {F. C. Mo,onl). _ _
Dashner, P A. 1978. A finite strain work-hardening
theory for rate-independent elasto-plasticity.
International Journal of Solids and Structures (in

ress),

Garj)ews% R R. 1978. Transient response of a
layered elastic solid to uniform pressure on a
slfherlcal cavity. Ph.D. thesis FY.,—H. Pao).

Hart, E. W. 1977, Constitutive relations for
non-elastic deformation. Nuclear Engineering
and Desgn 46:179. , , _

Kumar, V. 1977. Time-dependent inelastic analysis
of metallic media using constitutive relations
with state variables. Ph.D, thesis (S. Mukherjee).

Kumar, V, and Mukherjee, S. 1977. A
houndary-integral eguation formulation for
time-de en?ent me\aspc deformat\on in metals.
I{lgt)e{?gt onal Journal of Mechanical Sciences

Rightabove: The stress-strain relation for a
métal sample is determined in a
temperature-controlled environment.

Right: Investigation of the structural stability of
su%erconae ? ? t Ihy

ucting coils is past of a researc
program in magnetoelastic interactions.
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Lee, L.-C. 1978. Stress analysis fora
unidirectional composite reinforced with a
doubly periodlic array of identical inclusions.
Ph.D. thesis (H. D. Conway).

Lo, K. H., and Conway, H. D 1976. Thermal
stresses in U|tl-ﬁl ered curved bars. Fibre
Science and Technology 9:135. ,

Moon, F. C. 1977. Problems in magneto-solid
mechanics. In Mechanics today; ed. S.
Nemat-Masser, p. 307. New York: Pergamon.

Pao, Y.-H., and Varatharajulu, V. 1976. Huygen's

r|nC|FIe, radiation conditions, and integral
ormulas for the scatt,enn% of elastic waves.
JS%ulrggllof the Acoustical Society of America

Sachse, W. H., and Pao, Y.-H. 1978. On the .
determination of phase and Jgroup velocities of
dispersive waves in solids. Journal of Applied
Physics (in ?ress): , ,

Sancay, S, 1977. Artival time and spectral analysis
of elastic pulses scattered_ from two fluid-filled
(S:yhr;]drlg:a cavities in a solid. Ph.D. thesis (W. H.

achse).

WaunP, Y. C. 1977. Creep. bending of beams and

lafes usml_? a state variable approach. Ph.D.
hesis (R. H. Lance).

Yamagishi, K._1978. Contact problems for the
radial tire. Ph.D. thesis (J. T. Jenkins).

M.Eng. (Engineering Mechanics)

Degree Program

A professional master's degree program in
engineering mechanlc% has b?en matltuted within
the"past rew years by the faculty of the
Department of Theoretical and Applied

Mechanics, which is concerned almost entirely
with graduate education. This M.Eng. program
allows 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
rogect, and sufficient graduate-level courses,

elected In consultation with a department

adviser, to meet the degree requirement of thirty
credits.

An M.Eng. (Engineering Mechanics) student
tests the strength of friction welds with,
wérr?(somc equipment as part of his project

The titles of some pro’ﬁcts recently undertaken by
M.Eng. (Engineering Mechanics) Students, and
the stipervising professors, are:
Shear-Wave Reflectometry Measurements of
Viscoelastic Fluids (W. H. Sachse)
Slmulatlan of §0Iar Salling Trajectories
. Burns
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Faculty Members and Their
Research Interests

Joseph A. Burns, B.S. (Webb), Ph.D. (Cornell):
planetary d)(nam|cs celestial mechanics,
natural sate lite studies

Hayr D Conway, B.S., Ph.D. (London), Sc.D.

(Cambridge): |sotro ic and anisotropic
eIastlcn plates an she s, |mBact ubrication

Peter A, Dashner, B.S,

Buffalo): contlnuum mechanlcs |nelast|c

Edbehaworo nt]atBegasCt College of New York

ard r ity Colle ew Yor
V¥1 Ca|| ornia, Bérke/ gne?astlc )
deformatlon thermodynamlcs of
|nhomo eneous systems

Philip J. Holmes, B.A. (Oxford), Ph.D.
(Southampton): nonfinear mechanics, dynamic
systems ifurcation theor

James! Jenkins, B.S. (Nort westerng Ph.D.
(Johns Hopkins): continuum mechanics,
biomechanics

Herbert H. Johnson, B.S., M.S., Ph.D. (Case):
fracture, dislocation mechanics, fatique

Richard H. Lance, B.S. (llinois), M.S. {llinois
Institute of Technology), Ph.D). (Brown):
en |neenn plasticity, numencal methods,
|ne astic behavior of solids
Geof re%S S. Ludford, B.A., M.A,, Ph.D., Sc.D.
Cam ridge): fluid mechamcs magnetohydro-

ynam|cs combustion, related mathematics

Francis C. Moon, B.S. (Prattl) M.S., Ph.D.
(Comell): dynamics of solids and structures,
magnetoelasticity, mechanics of
superconducting systems

Subrata Mukher e€, B.S. (Indian Institute of

Technol o[q S, ‘Roc ester), Ph.D. (Stanford):
viscoelasticity, plasticity, creep, fracture

Yih-Hsing Pao, B.S. (National Taiwan), M.S.
(Rensselaer), Ph.D. (Columbia): wave
propagatlon in solids, magnetoelasticity,

vibraf

R|chard H Rand B.E. (Cooper Union), M.S.,
Ph.D. (Columbla) dynamical systems,
hiomechanics

Wolf%ang H. Sachse, B.S. (Pennsylvania State),

PD (Johns Hopkins): mechanics of

materials, nondestructive testing techniques,

wave propagation and physicaracoustics

Many of these professors are also members of
Un|ver3| centers PJ Holmes, J. T. Jenkins, G.
S. Ludford, ng I-LRand work with tp]

CenterforA led Mathematics: H. H. Johnson,
Y.-H. Pao, an W H. Sachse are active in the
Materials Science Center: J. A. Bumns is a member
ofetgneea&%nterfor Radiophysics and Space

Further Information

Further information may be obtained b¥ writing to
the Graduate Faculty Representative, Theoretical
and Applied Mechanics, CorneII University,
Thurston Hall, Ithaca, New York 14853.



Interdisciplinary
Activities

Cornell University maintains several
interdisciplinary research centers and programs
that are of great significance in many applied
science and engineering projects. These are of
Interest to_students in the variqus graduate fields
In that their research efforts might e closely
identified with those of a center or program or
their research activities might be conducted in
associated laboratories. These interdisciplinary
units do, not formally admit graduate students; a
person interested In an area encompassed bPI an
Interdisciplinary center or activity should apply for
graduate admission through a related graduate
leld and work with the interdisciplinarygroup
through his or her supervising professors.

Center for Applied Mathematics

Coordination of (?raduate study and research
efforts in applied mathematics is provided b
Cornell's Center for Aptplled Mathematics. About
forty faculty members from various departments of
the University and some twenty-five graduate
students are"currently associated with the center.
The students are enrolled in the graduate Field of
Applied Mathematics.

Further information may be obtained by writing to
the Director, Center for Ap,olled Mathematics,
%@gll University, Olin Hall, Ithaca, New York

Center for

Environmental Research

The Center for Environmental Research provides
an interdisciplinary research focus for those
interested in issues pertaining to control of the
environment. Because it has become increasingly

evident that programs and projects with limited
objectives are insufficient to cope with the
complexities of existing and anticipated problems
involving the environment, there Is a need for
aﬁgroaches that involve worksT,rs in many fields.
The center Is designed to facilitate such
approaches. Involved In the various programs
sponsored or supported by the center are faculty
members and graduate students in the sciences,
engmeermq, agncultvre, law, economics,.
overnment, regional planning, and public health.
The center is alSo the water résources research
institute for New York State under federal
legislation.

Examples of topics studied, by research groups
assoclated with the center inClude water
resources planning, development, and
management; the effects of acid precipitation; the
ssessmePt of environmental |mpac$ statements;
the Interrelationships between Peop e and their
resources; environmental benefit-cost analysis;
the impact of environmental legislation on
economic development: and epldemlol,og%/ and
the environment. Reports on these subjects and
other materials are available in a reading room
maintained by the center for student and staff use.

The center does not offer courses; prospective
students must apply to the Graduate, School for
admission. The two major graduate fields most
closely related to the interésts of the center are
Civil and Environmental Engineering and
A?chltura_l Engineering. I addition there are two
refevant minor graduate fields: Water Resources
and Environmental Quality.

More detailed information may be obtained by
writing to the Director, Centerfor Environmental
Research, Cornell University, Hollister Hall, Ithaca,
New York 14853.
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Center for International Studies

The major role of the Center for International
Studies is to support and coordinate Cornell's
teaching and research programs in international
and comparative studies. The flexibility of degree
re%mrements permits stugdents considerable
[atitude in the selection of subjects, and
appropriate courses may be chosen from the
re%ular offerings of the various schools and
colleges of the" University.

The center functions through a structured network
of faculty committees that are organized on a
multidisCiplinary basis and clustéred in area
studies pro?r,ams, professional programs, and
problem-solving programs, The ‘area studies
rograms are those on China-Japan, Latin
merica, South Asia, Southeast Asia, and the
Soviet Union. Professional programs include those
on international agriculture, interational legal
studies, international studies in planning, and
International and comparative labor relations.
Problem-,solvm[g programs, which examine
substantive policy isSues cutting across area and
Professlona conc?rns, include os% on ..
nternational population; international nutrition;
participation and labor-managed systems; peace
studies; rural development; stiencé, technology,
and development; and Western socleties, The
center also sponsors the Field of International
Development, a program of graduate studies
leading to a professional masSter's degree.

Students concerned with the international
dimension of agplled science and en meerm& as
these pertain to international regulation, securty,
and development are encouraged to investigate
the research opportunities and teaching activities
of the Peace Studies Program, the Rura
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DeveIoPment Committee, and the Science,
Technology, and Development Committee.

Further information about the center and its
associated programs may be obtained from the
Center for International Studies, Cornell University,
170 Uris Hall, Ithaca, New York 14853.

A phqtomter&retlve study of the natural
satellites of Mars was undertaken recently for a
doctoral thesis in 8eo|09|cal su(?,nc S, .
conducted at the Center for Radiophysics and
Space Research. Viking Orbiter images such as
this gne of Phobos, the larger of the two tiny
satellites, were analyzed.

Center for Radiophysics

and Space Research

The Center for Radiophysics and Space Research
Prowdes facilities for reSearch in astronomy and
he space sciences carried out by several
deﬁartmenés 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 number of graduate fields of
study. Fields of éngineering 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 campus



include a laboratory for infrared astronomy, a
laboratory for lunarand geophysical studies, and
a laboratory for Flanetary studies that has
extensive collections of Spacecraft Junar and
planetary photography, Work in optical astronomy
mvolvmg occultations is in progress. Facilities fof
research in radio-radar astronomy are available
through the National Astronomy and lonosphere
gelnteg, operated by Comell (see description
elow).

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

Further information may be obtained by writing to
the Secretary, Center for Radigphysics'and Space
Research, Cornell University, Sgace Sciences
Bullding, lthaca, New York 14853,

Cornell High Energy

Synchrotron Source

The Natjonal Science Foundation has anroved a
one-million-dollar grant for the construction of a
synchrotron radiation laboratory, to be known as
the Cornell High EnergY Synchirotron Source
CHESS), that'Is expected to be in operation by
f ﬁ Bummer of 1979. The s ncI”oton X radiation
will be generated by the Cornell Electron Storage
Ring (CESR), now under construction. As an  ~
Intense source of high-energy x rays, CHESS will
be unique — unmatched by anY other existing or
planned facility in the United States.

Synchrotron radiation, at one time considered a
ntisance by high-energy physicists, has become
recognized’as a very powerful tool for physicists,

materials scientists, chemists, crystallographers,
and medical researchers studying the gropertles
of materials that have both technological and
biological importance. At Cornell, researchers in
virtually all fields of %r%ysmal,smence are expected
to make use of CHESS. Particularly promising at
Cornell is the use of synchrotron radiation in'X-ray
lithography applied to"the fabrication of
subricron structures.

CHESS will be available to scientists from
industrial and university laboratories all over the
United States. It will complement the National
Synchrotron Light Source being built at ,
Brookhaven (with an estimated completion date in
1982) and the smaller synchrotron facility at the
University of Wisconsin.” CHESS will be the East
Coast counterpart of the Synchrotron Radiation

Boris 1v. Batterman (at Ieft?], director of the
Cornell High Enertgy Synchrotron Source,
explains how the facility will operate to .
National Science. Foundation director Richard
C. Atkinson during a visit to the University's
Wilson synchrotron.

Laboratory at Stanford, which provides x rays and
ultraviolet radiation as.a by-product of research
devoted primarily to high-énergy physms, but it
w%hsave greater capacity to generate high-energy
X Tays.

Additional information may be obtained by writing
to the Director, Comell High Enerlgly Synchrotron
Source, Comell University; Clark Hall,"lthaca,
New York 14853.
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Energy-Related Activities

Although there is no separate graduate field or
organized interdisciplinary program or center in
energy studies at Comell,"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 mechanical
engineering. Control of pollutant emissions by
veficles jsa subdect of research in aerospace.
engineering. Hydrogen as a fuel is being studied
In mechanical éngineering. Processes for

liquef mq and gasifying coal are being
Investigated in chemical engineering. Projects
concerned with electric-power transmission and
power-system control are under way In electrical
engineefing. Students and faculty members in
physics and anlled physics are’conducting
research in solar energy. Theoretical and
exepenmental work concerned with controlled
thermonuclear fusion processes Is bem% .
conducted in the Lahoratory of Plasma Studies,
Agricultural engineering researchers are stud){lng
energy utilization i agficultural production. Other
examples can be found in the descriptions of the
various graduate fields.

Laboratory of Plasma Studies

The Laboratory of Plasma Studies was
established as an Interdisciplinary center for
research in plasma physics and [asers. Active
areas of research include controlled fusion,
intense beams of relativistic electrons, intense ion
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beams, plasma confinement and heating
experiments, basic plasma pl})ysms, theory of
high-temperature plasmas, malecular lasers,
chemical lasers, and laser-produced plasmas. A
variety of both large and conventional
laboratory-scale facilities is provided.

Faculty members associated with the laborator
represent several graduate fields am,on? whic
are applied physics, chemistry, electrica
engineering, mechanical and aerospace
engineering, and physics. Graduate students
normally become affiliated with the laboratory by
choosing to do research with a faculty member
engage In @ project at the Iab?rator : Dunng the
laboratory's first eleven years of existence, it

In the Laboratory of Plasma Studies, ,
researchers are assembling magnetic field coils
for an experiment to trap ion rings.

research projects have led to the completion of
seventy-one Ph.D. and fourteen M.S. theses.

Financial assistance in the form of graduate
research,as%stantwlg,s, a a?able n I\nlljted
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, Comell
University, Upson Hall Ithaca, New York 14853.



Right: Equipment available at the Materials
Science Center includes this scanning electron
microscope, useful in studies of the surfaces of
materials and for biological applications.

Below; Electron microscopes are among the
ext%nswe facilities of the interdisciplinary
center.

Materials Science Center

The Materials Science Center facilitates giraduate
research and training in many phases of the
science of materials.” It provides a number of
sgec;al,laboratone,s containin hr%;h(ljy ,
sophisticated equipment that is made available to
researchers in many areas, including applied
physics, chemistry, ‘electrical engineering,
materials science and eaneen g, mechanics,
metallurgy, and pr&ysms. N Some Cases new
equipment needed for specific thesis research
projects and the assistance of technicians can be
rovided. The center is also able to provide
inancial assistance In the form of research
assistantships.

The laboratories at the center are for materials

preparation, metallograph?/, x-ray diffraction,
electron microscopy, electronics, low-temperature
work, nonmetallic crystal %rowth, and laser
development. Each of theSe laboratories is under
the direction of a faculty member and staffed with
trained technicians, so that researchers receive
expert guidance and assistance. Extensive
multiuser computer facilities are available for the
research groups.

Most of the Materials Science Center facilities are
located in Clark Hall of Science, the University's
center for solid-state and apPhed p,h¥3|cs, and
Bard Hall, the Department of Materials Science
and Engineering building.

Additional information may be obtained by writing
to the Director, Materials Science Center, Cornell
University, Clark Hall, Ithaca, New York 14853,
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National Astronomy and

lonosphere Center

The National Astronomy and longsphere Center,
which has the world's largest radio-radar
telescope, is operated by Cornell University for
the National Science Foundatjon and is avajlable
for graduate research by students at Comnell and
othér universities in fields such as electrical
engineering and astronomy. The facility Is located
in the mountains of northefn 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 platform some 500 feet above the dish is a
support structure for the eqm[pment that receives
and amplifies the radio signals. Radio signals
from space can be detected by this teleScope in
the frequency range of 10to 7,000 MHz. The
observatory also has four radar transmitters in this
frequency tange. The largest antenna is 96 feet in
length and weighs nearly 10,000 pounds.

Through the use of radar techniques, important
discoveries on the periods of rotation of the

lanets and their surface characteristics have

een made with the Arecibo telescope. Accurate
radio_ observations made with the instrument have
contributed to the understanding of pulsars and to
radio astronomical studies of the interstellar
medium, radio qalames, and quasars. The
telesco?e has also been used'to provide
information, not otherwise obtainable, about the

The natjonal radio-radar telescope observatorp(
at Arecibo, Puerto Rico, is operated by Cornell.



Earth's ionosphere. In recent years controlled
studies of the ionogphere have been made from
Areubﬂ b}/ the artificial heating of preselected
lonospheric layers.

Further information may be obtained by writing to
the Director, National Astronomy and lonosphere
Center, Cornell University, Space Sciences
Building, Ithaca, New York 14853.

National Research and Resource

Facility for Submicron Structures

A new national center for research on
submicrometer structures was established
recently bK the National Science Foundation at
Cornell, where a stron% lJoro?nram in this area was
already under way. Fatulty members and
graduate students in a number of disciplines, .
espemally,af)plle,d physics, electrical engineering,
and materials science and engineering, are
active users of the facility, along with researchers
from academic and other institlitions across

the country.

The chief purpose of the National Research and
Resource Facility for Submicron Structures
NRRFSS) is to promote and carry out research to
advance the science and art of microstructure
fabrication technology, which will make possible
the manufacture of a new generaﬂon of ultrasmall
devices and circuits for inéxpensive electronic
equipment, and to facilitate basic and applied
research in related areas., The facility is also
intended to serve as atraining ground for
specialists in microstructure fechnology.
Sophisticated electronic equipment IS available,
and graduate students have a unique opportunity
to participate in research projects utilizing these

resources. Such work is arranged through
professors from a number of graduate fields who
are members of the facility.

A wide variety of projects involving thte theory,
design, fabrication, testing, and application of
structures with submicrometer dimensions are
under way. Examples are studies of electron-
beam, ion-beam, and x-ray Ilthography; electron
and ion s%urctes; sgnchrotmé] éa ationt;
superconductor physics and devices;
sepm|conduct0r g‘r)ov)cth,and devices ?or integrated
optics; microwaVe devices and circuits; the
physics and chemistry of semiconductor

Alaboratory for?rowmg semiconductor
¢rystals is part of the déan-room area available
for work at the National Research and
Resource Facility for Submicron Structures.

|nterface5' Flectromc sfructthe' polyrner resists;
asers and laser annealing; holography;
amorphous metals; strain“and displacement in
solids; and ultrapressure.

Further information maFy be obtained by writing to
the Director, National Research and Résource
Facility for SHlfmlcron, Structures, Comell
University, Phillips Flail, Ithaca, New York 14853,
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PrograrrfoTComputer Graphics

The Program of Computer Graphics provides an
interdisCiplinary center for the development of
graphics techrilques and the use of computer
graphics in research applications. A substantial
humber of staff members and researchers
implement these efforts.

In addition to research on computer graphics, the
major focus of the pro?ram,,current work includes
projects In the fields of architecture, structural
engineering, pollution analysis, water resources,
geolog;cal sclences, medicine and ,
|oe,ng|neermg, dammatlon, astronomy, %rlcultural
enginéering, an ener?y conservation. All of the
work in spécific dISCIEIneS relies heavily on
Interactive ?raphlcs. mphasis is placed on the
utilization of both input and output devices.

The Iabor,ator?/ has facilities for generating static
or dynamic hfack-and-white wire-line drawings of
perspective images of two- or three-dimensional
objects, Full-color static displays of two- or
three-dimensional images can also be produced.
Interactive ra?hlc,al input equipment includes.
gl%ltlzmg tablets, |i hi pens, and ophc%scanmng

gvices; hard copyqp otted. output can be
obtained with the se of printer plotters.
Photographic equipment for fimmaking, .
wde,otaPes and sin Ie-|ma9e documentation is
available. The multiuser system operates on
several interconnected minicomputers.

At the present time the most feasible Wa¥ to
arrange a program of study and research in
computer graphics s to enter the Master of
Science grogram with @ major In architectural
science and a minor in computer science. Those
students who wish to stud)f he relatjonship of
computer graphics to a field of application such
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as architecture or engineering may choose a
minor in that subject area. The laboratory s also
available to Ph.D. engineering students who are
interested in comPuter-alded de5|?n_ and are
working on assoclated research projects.

Program on Science, Technology,

and Society

The purpose of the Program on Science, . ..
Techn,ologg/, dand Society is to stimulate 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, including the physical,
biological, and social sciences; the humanities;
engwlleermg; business and public administration;
and law.

Topics of special concern to the program include
biomedical ethics, defense policies and arms

control, environmental ethics and toxicology,
citizen participation in the nuclear debate,
science pollc¥], and technology assessment.
These and other subjects are studied through
courses, graduate and faculty seminars,
workshoPs, and individual research programs. In
cooperation with University departments and
centers, the program has participated in the
development of more than two dozen
interdisciplinary courses at both the graduate and
undergraduate’ levels. Courses developed by the
pro?ram are designed to both synthesize and
confrast the perspectives of the ‘several academic
disciplines used In the analysis (?f 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 thisminor field.

Limited funding may be available for ,
interdisciplinary thesis research on the interaction
of science and'technology with society, and
appropriate requests for sup,oort bX students
bey%nd the introductory level of graduate study
wilf'be considered.

Further information may be obtained by
contacting the Program on Science, Téchnology,
and Society, Comell University, Clark Flall, Ithaca,
New York 14853.

A graduate student in structural en?meenn%
employs facilities of the Program of Computer
Graphics In a research project combmm?
interactive computer graphics and structural
mechanics. The graphic display js of a finite
element mesh for the cross section of a
concrete dam with a crack. This mesh Is
created and edited rapidly through the use of
interactive graphic techniques.
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general

T dion

Cornell is an internationally known university
consisting of fourteen colleges and schools that
enroll about 18,000 students, including 3,500 In
.GrafguateI School, A mﬂue feature of the
University is the combination of privately financed
and state-supPorted units, a circumstance that,
fosters Cornell's century-old concept of education
in all subjects for all qualified students. The .
mddw ua Stlt)de tis afford?d an UnUSLﬁ”y rich
and diverse background of academic lite:

The College of Engineering has a faculty of more
than two Rundred.”About 2,270 undergraduate
and 700 graduate 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
En[?meermg (guadr ngle, although some of its
acfivities are carried olt at other'campus
[ocations, such as Clark Hall, which is the
Urr]nversny's center for solid-state and applied
physics.

Cornell's outstanding library system comprises
two large central facllities supplemented by a
number of sRemahzed libraries in buildings
throughout the campus. The entire collectjon,
including more than four million volumes, is
available to all students. The College of
En?meermg library and the physical sciences and
mathematiCs Ilkganes,a&e esgemally useful to
etng(;jmetenng and applied sciences graduate
students.

Of special importance to many graduate students

is the University's computln? facility. At the
present time this consists of a multiprocessor
complex of IBM 370 systems, including a central
3701168 system and Satellite com,outers at
various campus IocaéloHs. The Co Ieg% of
Engineering;Is served through two of these
satellite stations, as well as by a number of
slow-speed terminals.

Location

Most of the schools and colleges of the University
are located in Ithaca, at the southemn 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
Ithacg IS rPc[OVldEd' by Allegheny Airlines and the
Greyhound Bus Lines.

Admission

Application for enrollment in an)(] field of graduate
study at Comell is made through the Graduate
School of the University; acceptance is
determined by the facufties of graduate fields.
ApPllc_anor] miaterials for the Graduate School,
including financial aid information and request
for[]ns, 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 graduafe field.
Admission and financial aid application forms for
the Master of Engineering degree programs ma
be obtained by writing to; Graduate Professiona
Enﬁlneenng Programs, Cornell University, Upson
Hall, Ithaca, New York 14853.
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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 s%nt t0 the Graduate School.
Information about these tests may be obtaned
from the Educational Testing Service, Princeton,
New Jersey 08540.

It is the policy of Cornell University actively to
support equality of educational and employment
opportunity. No rPerson shall be denjed admission
té)anydeducelltlo al ?rogtrﬁmbor act|¥|ty or| e ”
enied employment on'the basjs of any legally
rohibited %lsznmmatlon Involving, bu no? ﬁn%ted
0, such factors as race, color, créed, religion,
national or ethnic origin, sex, age, or handicap.
The Umversm{_ is committed to the m,funtenance of
affirmative action programs which will assure the
continuation of such équality of opportunity.

Cornell University is committed to assisting those
handicapped students who have special peeds. A
brochure describing services for the handlcafpped
student may be obfained by writing to the Office
of the Dean of Students, Comell mvers%y, 103
Barnes Hall, Ithaca, New York 14853. Other
questions or reguests for special assistance may
also be directed to that office.

Financial Aid and Employment

Financial aid in the form of teaching, research, or

residence hall assistantships, fellowships,

g%:h elérllghlps’ and loans Is‘available to graduate
udents.

An applicant for admission to an M.S. .or Ph.D,
degree program will receive detailed information



about available financial aid along with

ag lication materials and should indicate a

r (fuest for aid on the application form. A
prospective student in one of the M.Eng.,de?ree
rograms should file a separate application for
inancial aid along with the admission application.

Fellowships and Tcholarsmps are also off%red by
state and national government agencies, by
foundations, and by private parties. The Comell
University Career Development Center maintains
a collection of pertinent reference materials on
such sources of financial aid.

Part-time employment is sometimes available to
graduate students through their own departments
and a part-time employment service is maintained
b §1e Office of Iananmal Aid. Sgouses ?f
students may fin employfme,nt t Comell through
the University's personnel office, or with local
businesses Or industries, professional offices,
schools or colleges, public agencies, orthe
hospital. A New York State employment office is
located in Ithaca.

The amount, time, and manner of payment of
tuttion, fees, or other charges may bé changed at
any time without notice.

Extracurricular Activities

Cornell offers a variety of cultural events,
mcIudlnr%; lectures, special Pro rams, and
conferences, and music, drama, and film
presentations. Ithaca residents also have the
opportunity to attend theatrical and musical
events at lthaca College.

Programs in religious affairs at the Universitr
incltde information, counseling, and referral
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services as well as ministries. The Centre for
Religion, Ethics, and Social Policy is a
nondenominational educational unit.

The Sage Graduate Center supplements the three
student unions at Cornell in providing opportunity
for social and recreational activities. Graduate
studegts are also welcoHle t0 rJmn undergraduates
In student activities such as intramural sports,
drama, and the production of campus
publications. The various University musical
groups and many of the more than"one hundred
0rganizations on"campus are open to graduate
students. Wives of male graduate students are
frequently active in their own special .
?rgeamza lons. There | aJsP an organization for
oreign students and their families:

Extensive recreational facilities, including those
for swimming, ice skating, golf, bowling, and
tennis, are dvailable on Campus, Graduate
students are also eligible for all intramural and
informal sports at the University. Additional |
opportunities for outdoor sports and recreation
are available inthe surrounding area.

Housing and Dining

Graduate dormitory housmgnand apartments for
mrned tudents a{e availa I% on cam u? an
elp In obtaining off-campus housing IS offered.
Detailed information about housing IS sent along
with requested application materials.

The University has no dining requirements, but
does provide a number of dining facilities on
campus and offers some optional arrangements.
Among these facilities is a dining service at Sage
Graduate Center that is available 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,
programs, and courses available in the various
schools and departments of the College of
Engineering is included in Comell University:
Description of Co%rsesb C,ogae%of these

ublications may be obtained by wniting to Cornell

niversity Announcements, Building 7, Research
Park, Ithaca, New York 14853.

Oé),posite: The Engineering Quadrangle is
adjacent to Cascadilla Gorge on. the Cornell
campus. Sage Graduate Center is at left center.





