








MECHANICAL ANALYSIS AND DESIGN
IN ORTHOPEDICS

by Donald L Bartel

The musculo-skeletal system is a com-
plex mechanism which supports and
positions the body; and the skeletal
system, like any machine, is subject to
wear and failure. In many cases, the
damage may be repaired or prevented
by surgical modification—and this
raises a number of interesting engineer-
ing questions. How does the normal
system work? What are the mechanical
properties of bone, ligament, and ten-
don? What are the mechanisms of
damage or injury? How will surgical
modifications change mechanical func-
tion? What is the effect of replacing a
natural joint with a simpler mechanical
joint? How are joints lubricated?
Can surgical modifications be identi-
fied which will optimize mechanical
function?

These and many other questions
have been of special interest to engi-
neers and physicians during the past
ten years. They provide at least three
challenging problem areas for the engi-
neer. First, there is the analysis of the
skeletal system and components in
order to achieve an understanding of
the structure and function of normal,

impaired, and reconstructed systems.
Second, there is the experimental deter-
mination of the mechanical properties
of tissue and implants, and the experi-
mental analysis of the system as a
whole. Finally, there is the application
of analysis and experiment to the de-
sign of improved implants, tissue-
implant systems, and surgical pro-
cedures.

At Cornell, research in this area of
biomechanics has been in progress for
the past four years. At the present time,
the combined efforts of Cornell engi-
neers, physicians, and veterinarians are
being directed toward three specific
areas of research in orthopedics: knee
mechanics, bone-implant systems, and
disorders of the locomotor system.

STUDIES IN THE MECHANICS
OF THE KNEE JOINT

The knee is the most frequently injured
joint in the body. Consequently, the
mechanical analysis of the knee is of
great importance in orthopedic work.
It is needed for understanding how the
knee resists external loads, and for de-
ciding what reconstructive surgical pro-

cedures would produce the best results.

The motion of the knee is constrained
by the joint surfaces, by the knee carti-
lage, and by ligaments, which function
as nonlinear springs that stiffen as they
are stretched. The motion is three-
dimensional, and as the knee is flexed,
the axis of rotation changes. This
movement of the axis is evident even
when the knee is approximated as a
plane mechanism, as shown in Figure 1.

Loads applied to the knee are re-
sisted by forces generated in the
muscles, cartilage, and ligaments as the
joint is distorted. Excessive loads may
rupture a ligament or fracture the bone
at the bone-ligament interface. In ath-
letic injuries, for example, the medial
collateral ligament (see Figure 1) is
frequently damaged. Some of these in-
juries produce slack in the ligament
and therefore looseness in the joint, a
condition that can be corrected surgi-
cally by relocating the proximal attach-
ment on the femur (BC in Figure 1) or
the distal attachment on the tibia (AD
in Figure 1).

In some recent studies of ligament
deformation in the flexing knee, the















“...personnel and facilities
in engineering, medicine, and veterinary
medicine are all available.”

stresses can be determined if the ap-
plied loads and the geometry of the
beam are known; but in order to com-
pute the stresses in a composite beam,
the material properties of the compon-
ents must be known also. A detailed
stress analysis is difficult and requires
the use of the finite element method;
however, a simple model of the system,
based on beam theory, can provide a
great deal of useful information.

A sectional view of a prosthesis stem
in bone (in this case, a tapered stem
in a tapered hole) is shown in Figure
5. The graphs in the figure show how
the bending stresses vary along the
length of the section for three different
stem-hole designs. These graphs show
that if the stem of the prosthesis is
tapered, the maximum stress in the
bone will occur near the tip of the stem,
and the maximum stress in the stem
will occur somewhere away from the
tip. These predictions are supported by
clinical observations of where breaks
occur in the event of system failure. A
further conclusion drawn from the
Figure 5 data is that if the stem is
tapered, then the hole should be tap-

ered to fit, for this tends to reduce the
stress levels in both bone and stem.

This is an example of how a bio-
mechanical analysis of a system and
knowledge of materials properties can
be valuable aids in designing a pros-
thetic device and in deciding on a sur-
gical procedure. In the first case,
information about the effect of taper-
ing the stem is provided; in the second
case, information concerning the pre-
paration of the medullary cavity is
obtained.

DISORDERS OF
THE LOCOMOTOR SYSTEM

The horse, which is subject to many
disorders of the locomotor system, is
being studied in Cornell research on
this aspect of orthopedics. Locomotor
disorders in horses, including degenera-
tive joint disease, fractures, tendon or
ligament stress injuries, and bursitis,
appear to be identical to counterpart
disorders in man. The etiology of these
conditions in the horse—or in man—is
not known, but they are usually associ-
ated with stress due to physical activity,
and most observers agree that mechani-

cal factors play an important role in
their development. The research at
Cornell is focused on the mechanics of
the digit of the foreleg at various speci-
fic anatomic loci, and is concerned
with identifying and quantifying factors
which modify the mechanics and con-
tribute to particular disorders.

The initial accomplishment of the
project was to develop an analytical
model of the digit, based on a detailed
description of the functional anatomy.
This model permits the determination
of joint, ligament, and tendon forces
as functions of time during the support
phase of gait (heel contact to toe off).
In addition, the model can be used to
describe the displacements of tendons
and ligaments due to configuration and
load. Forces and displacements are
computed from the model given (1)
the kinematics of gait, (2) the external
forces on the hoof, (3) the geometry
of the anatomic structures of the digit,
and (4) the physical properties of the
tendons and ligaments involved.

The kinematic description of gait is
obtained from a high-speed cinefilm of
the digit of the horse during the walk,



























THE DEVELOPMENT OF AN
ISOTOPIC CARDIAC PACER

by David L Purdy

A long-lasting cardiac pacemaker, the
first in the world to be powered by a
nuclear battery, became available for
implantation in human patients not
quite three years ago. For the past few
months, a second generation radioiso-
topic pacer has also been in produc-
tion. Half the size of any other known
pacer, this advanced unit can be ex-
pected to serve as a permanent implan-
tation for most patients.

The story of the isotopic pacemaker
began in the summer of 1965, when
Dr. Victor Parsonnet, director of sur-
gery at Beth Israel Hospital in Newark,
New Jersey, requested the Atomic En-
ergy Commission (AEC) to consider
the development of a long-life nuclear
battery for pacemakers. This started a
chain of events which eventually re-
sulted in a development contract with
the Nuclear Materials and Equipment
Corporation (NUMEC).

The development of implantable
pacemakers is a field in which Cornell
engineers have participated from the
beginning. The first model, which con-
tained a transistorized battery, was de-
signed by Wilson Greatbatch, who

graduated from Cornell with a degree
in electrical engineering in 1950. This
device was implanted in a patient for
the first time in 1960. My work on the
radioisotopic pacer resulted in a patent
issued in 1972.

In an implanted pacemaker, a device
placed beneath the skin of the patient

- stimulates the heart with an electrical

pulse which passes through a lead or
catheter in contact with the heart tis-
sue. The normal contraction of the hu-
man heart is caused by an electrochem-
ical pulse which starts in the sinus node
near the top of the heart and spreads
downward across the heart to the ven-
tricles. In many individuals, particu-
larly the elderly, this progression does
not occur; the heart does not beat in
synchronism with the sinus node im-
pulse, and therefore may beat at a very
low rate or not at all. This condition,
known as heart block, can result from
disease, injury, birth defects, or com-
plications following surgery.

The first pacers to be developed stim-
ulated the heart through an electrode
attached to the outside of the patient’s
chest. In later models, the electrode was

attached to the outside of the heart,
and finally the electrode was positioned
at the end of a catheter wire implanted
in the heart.

In the early 1960s, the pacers were
all fixed-rate, usually beating at 70 to
72 beats a minute, and were used in
patients who had total heart block. Im-
provements in electronic circuitry and
better understanding of the pacemak-
ing requirements of the heart led to
the introduction a few years later of
demand pacers. When the heart pulses
normally, a demand pacer either re-
mains quiescent or provides a harmless
pulse in synchronism with the heart’s
own puise; but when the heart pulse
ceases or pulses abnormally—condi-
tions which can occur intermittently
and unpredictably—the pacer takes
over at a fixed rate until the heart again
returns to its normal pulsing.

THE NEED FOR A
LONGER LASTING DEVICE

In 1965, the only source of energy to
drive the electronic circuitry of the
pacemaker was the mercuric oxide-
zinc cell or “mercury battery,” and the
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“...most patients will never need
another implant if they are provided
with a nuclear powered model.””

life expectancy of a pacemaker was ap-
proximately two years. It was this short
life expectancy that prompted Dr.
Parsonnet to make his appeal for a
long-lived nuclear source to power the
electronics. The AEC accepted the
challenge and went to industry with a
request for proposals.

At that time, the AEC had reason to
believe that such a development was
possible, for a number of nuclear-pow-
ered electrical generators had been de-
veloped for aerospace or oceanographic
use. These generators utilized an iso-
tope as the heat source and converted
the thermal energy to electrical power
by the use of the “Seebeck” or “thermo-
couple” effect. Whether an electrical
generator using the plutonium isotope
Pu-238 could be constructed sufficiently
small in size for implantation in the
human body had to be determined,
however. Most generators at that time
were large by comparison and had elec-
trical outputs ranging from one to a
thousand electrical watts. Examination
of the power requirements of a fixed-
rate electronic circuit then being used

17 in pacers indicated that 160 micro-

watts of electrical power would be re-
quired to drive the electronic circuitry
of the pacemaker.

THE DEVELOPMENT OF
ISOTOPE PACER MODELS

The contract awarded to NUMEC by
the AEC was for development of a car-
diac pacemaker based on a concept I
had proposed. The device was to use
Pu-238 as a fuel, to convert the isotopic
decay heat to electricity by means of
thermocouples, and to supply an elec-
tronically controlled electric impulse to
the heart. The first model is shown in
Figure 1.

The selection of materials was an im-
portant aspect of the development. Ti-
tanium was used for the external case
because of its inertness to body fluids
and its high strength-to-weight ratio.
The thermoelectric material chosen was
Tophel-Cupron, which has the highest
efficiency in converting heat to elec-
tricity of all metallic thermocouple ma-
terials. A number of semiconducting
materials with superior conversion
properties were available, but they were
not used because of other properties

undesirable for this application. A very
large number of thermocouples are
needed to produce the required output
of six volts, and brittle, ceramic-like
semiconductor materials are difficult to
assemble in electrical series in large
numbers because they cannot be made
in small diameter and are mechanically
weak. Although the Tophel-Cupron
provides a very small output voltage
per couple, this is compensated for by
the fact that large numbers can be used.
This material also has the advantage of
superior shock resistance.

BIOLOGICAL TESTING
OF THE PACEMAKER

Between 1965 and 1968, when the first
radioisotope powered cardiac pace-
maker was implanted in a dog at the
National Heart and Lung Institute in
Bethesda, Maryland, the design had
evolved to the model diagrammed in
Figure 2. A total of eight of the pace-
makers were implanted in dogs, but
unfortunately, all eight failed, four be-
cause of battery failure, and four be-
cause of electronics failure. An analysis
conducted in 1970 indicated that the
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HOW DRUGS WORK IN THE BODY

A New Problem for Chemical Engineers

by Kenneth B. Bischoff

The reliable prediction of drug effects
in the body is a goal long sought by
pharmaceutical and medical special-
ists. The use of anti-cancer drugs, for
example, depends on assessments of
what happens when they are intro-
duced under various conditions. In de-
signing drug therapy procedures, phar-
macologists and clinicians must be
concerned with such problems as what
the dosage regimen should be and what
the concomitant biochemical events
will be.

The prediction of drug effects in-
volves two basic steps: (1) predicting
the drug distribution, or pharmacoki-
netics, throughout the body, including
the local concentration at the site of ac-
tion; and (2) relating the local concen-
tration levels to actual drug action.
Although both steps are important,
only the first will be considered here.

Experimental and analytical difficul-
ties are involved in each phase, and
there may be some doubt that definitive
predictions are feasible. The potential
benefits, however, justify every reason-
able effort that could help to simplify
and reduce the typically extensive and

somewhat risky clinical experimenta-
tion that is the alternative.

THE CONTRIBUTIONS OF
CHEMICAL ENGINEERS

What can chemical engineers do in
this area? The answer lies in the fact
that many methods and techniques that
have been developed for predicting
events in complicated networks of in-
teracting chemical processing units
can be adapted to the problems of
pharmacokinetics. The operation of an
oil refinery or a chemical plant, for ex-
ample, can be compared with that of
the body, which also contains filtering
devices (kidneys), chemical reactors
(liver and other organs), and pump
(heart), all connected by the pipes (ar-
teries and veins) of the circulatory
system.

Of course, biological systems are
usually much more complex than those
made of steel and plastic, and existing
chemical engineering methods really
only provide a useful starting point for
studying drug distribution. The quali-
tative aspects of the problem—those
usually studied by biologists—must also

be grasped in order for engineers to do
anything meaningful in work with phys-
iological systems.

Actually, methods devised indepen-
dently by biologists and engineers have
some similarities in spite of differ-
ences in approach, and 1 believe that
the most significant advances in phar-
macokinetics will be made by utilizing
the best parts of both. Pharmacokinetics
is one of many areas in which there can
be fruitful collaboration among engi-
neers, biologists, and physicians.

MATHEMATICAL MODELING
OF DRUG DISTRIBUTION

The approach is to mathematically ac-
count for the amount of drug entering
and leaving a particular region of the
body—the so-called mass balance.
The analysis is based on the conceptual
diagram, shown in Figure 1, of the flow
and diffusion of drug molecules in tis-
sue regions. For further simplification,
the representation is usually “lumped”
into a few “compartments,” as in Fig-
ure 2, that are most important or most
easily sampled by experimental biopsy
techniques. These compartments are
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New Engineering Faculty Members

B Five assistant professors—four in
environmental engineering and one in
structural engineering—are new to the
faculty of the School of Civil and En-
vironmental Engineering.

Frank J. Cesario, a specialist in
transportation engineering and plan-
ning, joined the faculty after serving at
Cornell as a postdoctoral fellow in re-
gional science, as a research associate
in the Center for Urban Development
Research, and as a visiting assistant
professor of policy planning and re-
gional analysis and of regional science.
Before coming to Cornell, he was a
senior economist at Battelle Memorial
Institute. His academic degrees are the
B.S. from the University of Massachu-
setts, the M.S. from Montana State
University, and the Ph.D. in industrial
and systems engineering from Ohio
State University. He is a member of the
Operations Research Society of Amer-
ica, the American Statistical Associa-
tion, the American Institute of Indus-
trial Engineers, the Transportation
Research Forum, the Regional Science
Association, and Sigma Xi.

"Philip L.-F. Liu centers his teaching
and research in the area of fluid me-
chanics, hydraulics, coastal engineer-
ing, and oceanography. He studied for
the B.S. degree at National Taiwan
University, and received his graduate
education at the Massachusetts Insti-
tute of Technology. He was awarded
the S.M. degree in 1971 and the Sc.D.
in hydrodynamics this year. He is a
member of Sigma Xi.

Peter J. Murphy came to Cornell
after six years at La Universidad del
Valle in Cali, Colombia, where he
worked with the university develop-
ment program of the Rockefeller Foun-
dation. A specialist in hydraulics and
hydrology, he designed and supervised
the construction of the fluid mechanics
and hydraulics laboratories at the Co-
lombian university. He holds the B.S.
degree from the Webb Institute of Na-
val Architecture, and the Ph.D. in
fluid mechanics from Johns Hopkins
University.

Robert L. Willis, a specialist in sys-
tems analysis, was educated at the Uni-
versity of California at Los Angeles,

which awarded him the B.S. degree in
applied mathematics, the M.S. in oper-
ations research, and the Ph.D. in water
resource Ssystems analysis. He has
worked as a postgraduate research en-
gineer and postdoctoral scholar at
UCLA on surface and ground water
quality management systems and urban
transportation systems, and he has par-
ticipated in a cooperative program to
plan optimal utilization of water re-
sources in the Valle del Cauca in Co-
lombia. He has also worked with
Environmental Dynamics, Inc., on fed-
erally sponsored studies of coastal pro-
cesses, water management strategies in
western river basins, and optimal pric-
ing policies for urban water supply and
waste treatment systems. He is a mem-
ber of the American Geophysical Un-
ion, the American Society of Civil En-
gineers, the American Water Resources
Association, the Institute of Manage-
ment Sciences, the Operations Research
Society of America, Tau Beta Pi, and
Phi Beta Kappa.

John F. Abel, a Cornell civil engi-
neering graduate, has joined the faculty
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of the Department of Structural Engi-
neering. After receiving the B.C.E. de-
gree from Cornell in 1963, he did grad-
uate work in structural engineering and
structural mechanics, earning the M.S.
degree at Stanford University and the
Ph.D. at the University of California
at Berkeley. He spent two years as a
research engineer at the Waterways Ex-
periment Station of the Army Corps of
Engineers, and then served for several
years at Princeton University on the
faculties of the School of Architecture
and Urban Planning and the Depart-
ment of Civil and Geological Engineer-
ing. Abel is coauthor of a text, Intro-
duction to the Finite Element Method
(Nostrand Reinhold, 1972). He is reg-
istered as a professional engineer in
Mississippi, and is a member of the
American Concrete Institute, the Amer-
ican Society of Civil Engineers, the
American Society for Engineering Ed-
ucation, the International Association
for Shell Structures, the International
Association for Housing Science, the
Society for the History of Technology,
the Design Methods Group, Tau Beta

29 Pi, Chi Epsilon, and Sigma Xi.

B Four assistant professors have joined
the Department of Computer Science.

Gregory R. Andrews, a specialist in
operating systems, came to Cornell
from the University of Washington,
where he earmed the Ph.D. degree in
computer science. His B.S. degree in
mathematics is from Stanford Univer-
sity. He has had professional experi-
ence as a programmer for International
Business Machines in San Francisco
and as an associate engineer in com-
puter science with Boeing Aircraft in
Seattle. Andrews is a member of the
Association for Computing Machinery.

Alan J. Demers, another recent
Ph.D. graduate, is a specialist in pro-
gramming languages and systems. His
academic degrees are the B.S. in phys-
ics from Boston College, and the M.A.
in electrical engineering and computer
science and the Ph.D. in computer sci-
ence from Princeton University. Last
year he was a member of the faculty of
Stevens Institute of Technology. He is
a member of the Association for Com-
puting Machinery.

Shih-Ping Han is a graduate of Na-
tional Taiwan University, and received
his graduate education at the Univer-
sity of Wisconsin, earning the M.A.
degree in mathematics in 1971 and the
Ph.D. in computer science in 1974, His
specialty is numerical analysis.

David G. Kirkpatrick came to Cor-
nell from the University of Toronto,
where he earned the M.S. and Ph.D.
degrees in computer science with a spe-
cialization in the theory of algorithms.
His B.S. degree in mathematics is from
the University of British Columbia. He
is a member of the Association for
Computing Machinery.

B Three specialty fields are represented
by assistant professors named this year
to the faculty of the Sibley School
of Mechanical and Aerospace Engi-
neering.

William W. Carson, a specialist in
processing design, received his under-
graduate and graduate education at the
Massachusetts Institute of Technology.



He was awarded the Sc.D. degree this
winter, after beginning his activities at
Cornell. Carson is a member of the
American Society of Mechanical En-
gineers, the Society of Automotive En-
gineers, and Sigma Xi.

Stuart L. Phoenix earned his doctor-
ate in theoretical and applied mechan-
ics at Cornell in 1972, and spent two
years as a senior research associate
at Fabric Research Laboratories in
Dedham, Massachusetts. His previous
degrees are the B.Sc.Eng. and the
M.Sc.Eng. in agricultural engineering
from the University of Guelph in Can-
ada. His specialty fields are probabilis-
tic aspects of materials fracture and
mechanical reliability analysis. He is a
member of the American Society for
Testing and Materials and the Marine
Technology Society.

William E. Tobler, who has served
as a teaching assistant and a research
associate in the Sibley School and holds
Cornell M.S. and Ph.D. degrees in me-
chanical engineering, became a member
of the faculty this fall. His B.S. degree
is from Rutgers University. Tobler is a
specialist in simulation and vehicle dy-
namics. He is a member of the Amer-
ican Society of Mechanical Engineers,
Pi Tau Sigma, and Phi Kappa Phi.

B The Department of Operations Re-
search added two new members to its
regular faculty this year.

John A. Muckstadt, who had spent
eight years as a faculty member of the
Air Force Institute of Technology and
as an operations research analyst in
materiel management for the Air Force

Logistics Command, was named asso-
ciate professor in the Cornell depart-
ment. He holds the A.B. degree in
mathematics from the University of
Rochester, and the M.S. in industrial
administration, the M.A. in mathemat-
ics, and the Ph.D. in industrial engi-
neering from the University of Michi-
gan. In addition to his service with the
Air Force, Muckstadt has worked in
the logistics program at the RAND
Corporation, and taught part-time at
the University of Dayton. He is a mem-
ber of the Operations Research Society
of America, the Institute of Manage-
ment Sciences, the Mathematics Asso-
ciation of America, and Sigma Xi and
Alpha Pi Mu.

Murad Taqqu, an assistant profes-
sor, came to Cornell from Israel, where
he spent a year as a lecturer in proba-
bility and statistics at the Hebrew Uni-
versity in Jerusalem, and then a year as
a postdoctoral research fellow at the
Weizmann Institute of Science. A na-
tive of Iraq, he received his undergrad-
uate education at the Université de
Lausanne, Switzerland, earning B.A.
degrees in mathematics and in physics.
He went to Columbia University for his
graduate education in mathematical
statistics, and received the M.A. and
Ph.D. degrees. He has had research ex-
perience at the National Bureau of Eco-
nomic Research in New York on com-
puter simulation of statistical models in
economics and hydrology, and at the
International Business Machines Re-
search Center in Yorktown Heights,
New York, on computer simulation of
models of dams. He is a member of the
Institute of Mathematical Statistics, the
Operations Research Society of Amer-
ica, and Sigma Xi.
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B Two new members were appointed
to the faculty of the Department of
Theoretical and Applied Mechanics
this year.

Francis C. Moon, who did his grad-
uate work in mechanics at Cornell,
joined the faculty in the spring term as
an associate professor. He came to Cor-
nell from Princeton University, where
he was an assistant professor of aero-
space and mechanical science and, until
recently, a lecturer and research engi-
neer. Since leaving Cornell eight years
ago, he has also taught at the Univer-
sity of Delaware and served as a con-
sultant to the Rand Corporation. He
was a faculty fellow at the NASA-
Lewis Research Laboratory for two
summers, and has recently consulted
for the Boeing-Vertol Corporation on
magnetic levitation of trains.

At Princeton, Moon conducted a re-
search program on various problems of
the dynamics of solids and structures,
including the interaction of magnetic
fields and elastic solids, magnetic levi-
tation of vehicles, dynamics of com-
posite materials, and the mechanics of
superconducting magnets for fusion re-
actors. This research was supported
by grants from the National Science
Foundation, the National Aeronautics
and Space Administration, and the
Atomic Energy Commission.

Moon holds the B.S.M.E. from the
Pratt Institute, and the M.S. and Ph.D.
from Cornell. He is a member of the
American Society of Mechanical En-
gineers, the Society of Engineering
Science, the American Academy of
Mechanics, and the American Associ-
ation for the Advancement of Science.

Subrata Mukherjee, a specialist in
plasticity and viscoelasticity, is an as-

sistant professor of theoretical and ap-
plied mechanics. He received the
B.Tech. degree in mechanical engi-
neering at the Indian Institute of Tech-
nology, Kharagpur, and then came to
the United States for his graduate edu-
cation, earning the M.S. in mechanical
and aerospace engineering at the Uni-
versity of Rochester and the Ph.D. in
applied mechanics at Stanford Univer-
sity. He has had consulting experience
with Cartridge Television, Inc., in San
Jose, California, and spent a year as a
research associate in plasticity and vis-
coelasticity at Stanford before coming
to Cornell. He is an associate member
of the American Society of Mechanical
Engineers and a member of Sigma Xi.

B The School of Electrical Engineering
and the Department of Geological
Sciences have each added an assistant
professor to their faculties.

Vincent Chan, in electrical engineer-
ing, came to Cornell from the Massa-
chusetts Institute of Technology, where
he recently completed his graduate
work. He holds the degrees of B.S.,
M.S., Electrical Engineer, and Ph.D.,
all from the Massachusetts Institute of
Technology. Chan is a specialist in
communications, particularly at optical
frequencies. He is a member of the
honorary societies Eta Kappa Nu, Tau
Beta Pi, and Sigma Xi.

Percy R. Luney, acting assistant pro-
fessor of geological sciences, specializes
in both law and geology, and has also
spent a year as a Thomas J. Watson
Fellow studying the use and manage-
ment of natural resources in sub-Sahara
African countries. He offered a new

course this fall in Mineral Resources—
An Interdisciplinary Approach. Luney
holds the A.B. degree in geology from
Hamilton College and the J.D. in law
from Harvard University.

B The engineering faculty is augmented
also by a number of visiting professors
here for the 1974-75 academic year.

Barrington deV. Batchelor, visiting
professor of structural engineering, has
been a member of the faculty of Queen’s
University, Ontario, Canada, since
1966. He is a specialist in concrete
structures and structural dynamics. A
native of Jamaica, West Indies, he
studied for the B.Sc. degree in civil en-
gineering at the University of Edin-
burgh. He did his graduate work at the
Imperial College of Science and Tech-
nology, with specialization in concrete
structures. Batchelor’s professional ex-
perience includes two years with a
British consulting firm, three years as
an executive engineer for the Govern-
ment of Jamaica, and two years in pri-



vate consulting in Jamaica. He is a
citizen of Canada and is registered as a
professional engineer in Ontario. He is
a founder-member of the Institution of
Engineers in Jamaica, and a member
also of the Canadian Society of Civil
Engineers, the American Society of
Civil Engineers, the American Concrete
Institute, and the Institution of Civil
Engineers.

Albert W. Tucker came to Cornell as
the Mary Shepard B. Upson Visiting
Professor in the Department of Opera-
tions Research for the fall term, after
concluding a distinguished career in
mathematics at Princeton University.
Tucker’s research contributions have
spread over large areas of finite mathe-
matics and its modern applications, in-
cluding combinatorial topology, graph
theory, game theory, and mathematical
programming, and he is recognized as a
leading authority in mathematical edu-
cation. In addition to teaching at Prince-
ton and serving as head of the mathe-
matics department there for many years,
he has held numerous visiting profes-

sorships and special lectureships, and
has served in many capacities in pro-
fessional organizations. Among honors
he has received are the Distinguished
Service Medal of the Mathematical
Association of America, an organiza-
tion he served as president. Tucker has
published extensively, and edited and
helped establish several professional
publications. His academic degrees are
the B.A. and M.A. from the University
of Toronto and the Ph.D. in topology
from Princeton.

John R. Zimmerman, professor of
mechanical engineering at Clarkson
College of Technology and a specialist
in mechanical design, is a visiting pro-
fessor in the Sibley School of Mechani-
cal and Aerospace Engineering. He
holds the degrees of B.E. in mechanical
engineering from Yale University, the
S.T.B. in the philosophy of religion
from Boston University, and the M.S.
and Ph.D. in mechanical engineering
from Lehigh University. For nineteen
years, before joining the Clarkson fac-
ulty, he taught in the mechanical engi-
neering department at Pennsylvania
State University. He is a member of the
American Society for Engineering Edu-
cation, the American Society of Me-
chanical Engineers, the American
Association of University Professors,
and Sigma Xi.

Frank V. Nolfi, Jr., a metallurgist at
the Argonne National Laboratories, is
at Cornell this year as a visiting associ-
ate professor of materials science and
engineering. He is a specialist in the
thermodynamics of materials and the
kinetics of solid state processes. Noifi

received his B.S. degree in metallurgical
engineering at the Drexel Institute of
Technology, and the M.S. and Ph.D.
degrees in metallurgy and materials
science at the Carnegie Institute of
Technology. He is a member of the
American Institute of Mining, Metal-
lurgical, and Petroleum Engineers, and
several honorary societies.

David A. Caughey of the McDonnell
Douglas Corporation is spending the
year at Cornell as a visiting assistant
professor in the area of aerodynamics.
He holds the degrees of B.S.E. in aero-
nautical and astronautical engineering
from the University of Michigan and
the Ph.D. in aerospace and mechanical
sciences from Princeton University. He
is a member of the American Institute
of Aeronautics and Astronautics and
Tau Beta Pi.

Marshall L. Fisher, an assistant pro-
fessor of management science at the
Graduate School of Business of the
University of Chicago, is serving as a
visiting assistant professor in the Cor-
nell Department of Operations Re-
search this year. He received his uni-
versity education at the Massachusetts
Institute of Technology, earning degrees
in several disciplines: the S.B. in elec-
trical engineering, the S.M. from the
Sloan School of Management, and the
Ph.D. in operations research. In addi-
tion to his teaching and research activi-
ties, he serves as an industrial consultant
and as a referee for several professional
journals. He is a member of the Opera-
tions Research Society of America, the
Institute of Management Sciences, and
Sigma Xi.
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FACULTY

PUBLICATIONS

The following publications and confer-
ence papers by faculty members and grad-
uate students of the Cornell College of
Engineering were published or presented
during the period May through July 1974.
Earlier publications inadvertently omitted
from previous listings are included here
with the date in parentheses. The names
of Cornell personnel are in italics.

8 AGRICULTURAL ENGINEERING

Davis, D. C., and Rehkugler, G. E. 1974.
Agricultural wheel-tractor overturns. Part I:
Mathematical models. Part II: Mathematical
model verification by scale-model study.
Transactions of ASAE 17(3):477-492.

Irwin, L. H. 1974. Development of a Cur-
ricilum in Community and Resource De-
velopment. Paper read at 82nd Annual Con-
ference of the American Society for Engi-
neering Education, 17-20 June 1974, at
Roclt(lester Polytechnic Institute, Troy, New
York.

. 1974. Stabilization of Base Course
Materials. Paper read at 29th Annual School
for Highway Superintendents, 19-31 June
197‘11(, at Cornell University, Ithaca, New
York.

Ku, A. C-C.; Furry, R. B.; Jordan, W. K.;
and Dropkin, D. Heat and Mass Transfer
During Freeze-Drying of Food Products:
Simulation and Application Results. Paper
read at Summer Meeting of the American
Society of Agricultural Engineers, 23-26
June 1974, at Oklahoma State University,
Stillwater, Oklahoma.

Loehr, R. C., and Johanson, K. J. 1974.
Phosphate removal from duck farm wastes.
Journal of the Water Pollution Control Fed-
eration 46(7):1692-1714.

Loehr, R. C.; Klausner, S. D.; and Scou,
T. W. 1974. Disposal of agricultural wastes
on land. In Proceedings of the fourth envi-
ronmental engineers conference, ed. R. L.
Sanks and T. Asana, pp. 151-176. Boze-
man: Montana State University.

Martin, J. H., Jr.; Loehr, R. C.; Anthonisen,
A. C.; and Nieswand, S. P. 1974. Aerobic
Treatment of Poultry Wastes. Paper read at
67th Annual Meeting of the American So-
ciety of Agricultural Engineers, June 1974,
in Stillwater, Oklahoma.

Prakasam, T. B. S.; Joo, Y. D.; Srinath,
E. G.; and Loehr, R. C. 1974. Nitrogen
Removal from a Concentrated Waste by
Nitrification and Denitrification. Paper read
at 29th Annual Purdue Industrial Waste
Conference, May 1974, at Purdue Univer-
sity, West Lafayette, Indiana.

. 1974. On the Behavior of Nitrifying
Populations in a Highly Nitrogenous Waste.
Paper presented at the 75th Annual Meeting
of the American Society for Microbiology,
May 1974, in Chicago, Illinois.

Prakasam, T. B. S.; Loehr, R. C.; Yang,
P. Y.; Scott, T. W.; and Bateman, T. W.
1974. Design parameters for animal waste
treatment systems. Report no. EPA660/2-
74-063 at the Office of Research and Devel-
opment, Environmental Protection Agency.

Rehkugler, G. E. (1974). Thermally induced
stresses in eggshells. Journal of Agricultural
Engineering Research 18:275-279.

Shepardson, E. S.; Pollock, J. G.; and Reh-
kugler, G. E. 1974. Research and develop-
ment of a lettuce harvester. Transactions of
ASAE 17(2): 212-216.

Srinath, E. G.; Prakasam, T. B. §.; and
Loehr, R. C. 1974. Estimation of the Mass
of Actively Nitrifying Bacteria in a Hetero-
trophic Eco-system. Paper read at 75th An-
nual Meeting of the American Society for
Microbiology, May 1974, in Chicago, Illi-
nois.

. 1974. A Technique for Estimating
Active Nitrifying Mass and its Application
in Designing Nitrifying Systems. Paper read
at 29th Annual Purdue Industrial Waste
Conference, May 1974, at Purdue Univer-
sity, West Lafayette, Indiana.

Wong-Chong, G. M., and Loehr, R. C. 1974,
The Kinetics of Microbial Nitrification.
Paper read at the ASCE Environmental En-
gineering Specialty Conference, 9-11 July
1974, at Pennsylvania State University, Uni-
versity Park, Pennsylvania.

B APPLIED AND ENGINEERING
PHYSICS

Buhrman, R. A., and Jackel, L. D. 1974.

Noise Limits of RF-Biased SQUIDs. Paper

read at International Magnetics Conference,

14-17 May 1974, in Toronto, Canada.

Chou, M. S., and Cool, T. 4. 1974. Chemi-
Iuminescence from Short Duration Dis-
charges. Paper read at First Summer Col-
loquium on Electronic Transition Lasers,
17-19 June 1974, at the University of Cali-
fornia, Santa Barbara.

Dionne, N. J., and Rhodin, T. N. 1974. D-
band contributions to the energy distribution



of field-emitted electrons from platinum-
group metals, Physical Review Letters 32:
1311-1314.

Dragsten, P. R.; Webb, W. W.; Paton, ]. A.;
and Capranica, R. R. 1974. Auditory mem-
brane vibrations—measurements at sub-
Angstrom levels by optical heterodyne spec-
troscopy. Science 185:55-57.

Halperin, W. P.; Archie, C. N.; Rasmussen,
F. B.; Buhrman, R. A.; and Richardson,
R. C. (1974). Observation of nuclear mag-
netic order in solid *He. Physical Review
Letters 32:927-930.

Lovelace, R. V. E. 1974. Propagation of
Electromagnetic Waves through Turbulent
Plasmas. Paper read at Second European
Conference on Cosmic Plasma Physics, 1-§
July 1974, at Culham Laboratory, England.

McHenry, F.; Hoffman, P.; and Salpeter, M.
1974. Uptake of *S-sulfate by morpholog-
ically differentiated replication chondrocytes
in vivo: a double isotope EM autoradio-
graphic study. Developmental Biology 39:
96-104.

Mclntire, W. R., and Batterman, B. W.
1974. Electron momentum distribution in
vanadium and vanadium hydride. Physical
Status Solidi (b) 63(2):621-624.

Pettit, R. B., and Silcox, J. 1974. Oxide
structure of evaporated aluminum films.
Journal of Applied Physics 45:2858-2866.

Roberto, J. B.; Batterman, B. W.; and Keat-
ing, D. T. (1974). Diffraction studies of the
(222) reflection of Ge and Si. Anharmonicity
and the bonding electrons. Physical Review B
10:2148-2158.

Rosch, N, and Rhodin, T. N. 1974. Bonding
of ethylene to diatomic nickel according to
a self-consistent-field Xa scattered wave
model. Physical Review Letters 32:1189.

Salpeter, M.; McHenry, F.; and Feng, H.
1974. Myoneural junctions in the extra-
ocular muscles of the mouse. The Anatom-
ical Record 179:201-224,

B CHEMICAL ENGINEERING
Bischoff, K. B. 1974. Asymptotic solutions
for gas absorption with reaction. Chemical
Engineering Science 29:1348-1349.

Hamed, G., and Rodriguez, F. 1974. Gela-
tion of Dilute Collagen Solutions by Ultra-
violet Light. Paper read at 77th National
Meeting of the American Institute of Chem-
ical Engineers, 2-5 June 1974, in Pittsburgh,
Pennsylvania.

Stevenson, J. F. 1974, Unsteady mass trans-
fer in a long composite cylinder with inter-

facial resistances. AIChE Journal 20:461-
466.

Tsuchiya, H. M.; Trivedi, N. C.; and Shuler,
M. L. 1974. Microbial mutualism in ore
leaching. Biotechnology and Bioengineering
16:991-995.

B CIVIL AND ENVIRONMENTAL
ENGINEERING

Armstrong, N. E.; Gloyna, E. F.; Wyss, O.;
and Behn, V. C. 1974. Biological Counter-
measures to Mitigate the Effects of Hazard-
ous Material Spills. Paper read at Meeting
of the American Institute of Chemical En-
gineers, 25-28 1974, in San Francisco, Cali-
fornia.

Belcher, D. J. 1974. Land Use and Natural
Resources Inventories. Paper read at ASCE
Land Use Planning Workshop, 16-17 May
1974, in Washington, D.C.

. 1974, New techniques of prospect-
ing the littoral. In Il curso de analysis plane-
amiento y gestion del medio litoral, ed. L. L.
Pelaez, pp. 264-306. Madrid: Centro de Per-
feccionaminto y empresarial.

. 1974. Photointerpretation and Re-
mote Sensing: Facts and Figments. Paper
read at Primer Congreso Panamericano de
Fotogrammetria, Fotointerpretacion y Geo-
desia, 7-12 July 1974, in Mexico City,
Mexico.

Bereano, P. L. 1974. Air pollution and land
use. Air Resources report no. 2, Hudson
Basin Project.

. 1974. Comments—Policy Analysis

and Technology Assessment. Paper read at

Technology Assessment Workshop for NSF

8£aixntecs, 28-30 July 1974, in Columbus,
0.

Cesario, F. ]. 1974. Environmental Implica-
tions of Transportation Fuel Shortages. Pa-
per read at Symposium on the Effects of
Energy Shortages on the Transportation Bal-
ance, 8-10 May 1974, at Pennsylvania State
University, State College, Pennsylvania.

. 1974, The interpretation and cal-
culation of gravity model zone-to-zone ad-
justment factors. Environment and Planning
6:247-257.

Dalla, A. K., and Winter, G. (1974). Steel
ductility measurements. Proceedings of the
ASCE, Journal of the Structural Division
100(ST2):427-444.

. (1974). Suggested steel ductility re-
quirements. Proceedings of the ASCE, Jour-
nal of the Structural Division 100(ST2):445—
462.

Errera, S. J.; Popowich, D. W.; and Winter,
G. 1974, Bolted and welded stainless steel
connections. Proceedings of the ASCE, Jour-
nal of the Structural Division 100(ST6):
1279-1296.

Gallagher, R. H. 1974. Finite element rep-
resentations for thin shell instability analy-
sis. In Buckling of structures, ed. B. Budian-
sky. New York and Berlin: Springer-Verlag.

. 1974. Problems and Progress in
Finite Element Thin Shell Analysis. Paper
read at conference on Finite Elements for
Thin Shells and Curved Members, 20-21
May 1974, in Cardiff, Wales.

. 1974. Vibration analysis of struc-
tures by the finite element method (in Jap-
anese). Journal of the Japan Society of Me-
chanical Engineers 77(667):628~635.

Isard, W, and Cesario, F. J., eds. 1974.
Working papers on the use of regional sci-
ence techniques in environmental manage-
ment. Ithaca, New York; Cornell University,
Center for Urban Development Research.

Liu, P. L.-F. (1973). Damping of water
waves over porous bed. Proceedings of the
ASCE, Journal of the Hydraulics Division
99(HY 12):2263-2271.

Sexsmith, R. G. 1974. Strength design cri-
teria in reinforced concrete. In Probabilistic
methods in engineering (abstracts of pro-
ceedings), ed. H. C. Shah, p. 41. Stanford,
California: American Society of Civil En-
gineers.

Slate, F. O.; Acton, M.; and Chinamora, T.
1974. Low-cost housing for developing coun-
tries—an annotated bibliography 1950-1972.
Ithaca, New York: Cornell University.

Yen, A. F., and Lawrence, A. W. 1974. Bio-
logical Renovation of Ammonia Brines. Pa-
per read at ASCE Environmental Engineer-
ing Research, Development, and Design
Conference, 8—11 July 1974, at Pennsylvania
State University, University Park, Pennsyl-
vania.

White, R. N.; Behn, V. C.; Fox, G.; and
Adams, A. H. (1974). The Master of Engi-
neering (Civil) Program at Cornell Univer-
sity. Paper read at ASCE Conference on
Civil Engineering Education, 28 February-
2 March 1974, in Columbus, Ohio.

B COMPUTER SCIENCE

Hartmanis, J., and Baker, T. P. 1974. On
simple Goedel numberings and translations.
In Automata, languages and programming
(Lecture notes in computer science, vol. 14),
ed. J. Loeckx, pp. 301-316. Berlin: Springer-
Verlag.
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Severance, D. G. 1974. Evaluation of data
structures in an information system design.
In Proceedings of the 1974 IEEE interna-
tional conference, ed. M. E. Senko, sec.
16/4, pp. 1-6. New York: Institute of Elec-
trical & Electronics Engineers.

B ELECTRICAL ENGINEERING

Carlin, H. J. 1974. Representation of dielec-
tric loaded guide and microstrip by coupled
line networks. In Proceedings of the 5th col-
loquium on microwave communication, vol.
I, pp. ET33-43. Budapest: Hungarian
Academy of Science.

Carlin, H. ]., and Kotiveeriah, P. 1974. On
approximating real frequency data by realiz-
able network functions. In Proceedings of
the 1974 IEEE symposium on circuits and
systems, 1EEE cat. no. 74CH 0818-5CAS,
pp. 254-263. New York: Institute of Elec-
trical & Electronics Engineers.

Dick, R. J.; Berger, T.; and Jelinek, F. 1974.
Tree encoding of Gaussian sources. IEEE
Transactions on Information Theory IT-20:
332-336.

Ekdahl, C.; Greenspan, M.; Kribel, R.;
Sethian, J.; and Wharton, C. 1974. Heating
of fully-ionized plasma by relativistic elec-
tron beam. Physical Review Letters 33:346.

Farley, D. T. 1974. Irregularities in the
equatorial jonosphere: the Berkner Sympo-
sium. Review of geophysics and space phys-
ics 12(2):285-289.

Fine, T. L. 1974. Remarks on the shifting
foundations of communication theory. In
Proceedings of the 1974 IEEE communica-
tions conference. New York: Institute of
Electrical & Electronics Engineers.

Korn, P.; Sandel, F.; and Wharton, C. 1974.
Interaction of a relativistic electron beam
with fully-ionized plasma. IEEE Transac-
tions on Plasma Science 1:46-52.

Lovelace, R. V., and Ott, E. 1974, Theory of
magnetic insulation. Physics of Fluids 17(6):
1263-1268.

Manheimer, W. M., and On, E. 1974. Para-
metric instabilities induced by the coupling
of high and low frequency plasma modes.
Physics of Fluids 17(7):1413-1421.

McFarlane, R. A. 1974. Review of Atomic
and Molecular Electronic Transition Lasers.
Invited paper read at ist Summer Collo-
quium on Electronic Transition Lasers, 17—
19 June 1974, at the University of Cali-
fornia, Santa Barbara.

Meisel, J.; Thomas, R. J.; and Barnard,
R. D. 1974. A Fast-Load-Control for Stabi-
lizing Multimachine Power Systems. Part I:

The Strategy. Paper read at 1974 Summer
Power and Energy Resources Conference,
22-26 July 1974, in Anaheim, California.

Mondelli, A., and O, E. 1974. Application
of quasilinear theory to turbulent heating
experiments. Plasma Physics 16(5):413-423.

——. 1974. Straight and toroidal plasma
equilibria with an intense relativistic electron
current component. Physics of Fluids 17(5):
1017-1026.

O, E. 1974. Theory of Laser Target Inter-
actions. Invited paper read at Gordon Con-
ference on Plasma Physics, 10-14 June
1974, in Santa Barbara, California.

Ou, E., and Farley, D. T. 1974. The k spec-
trum of ionospheric irregularities. Journal of
Geophysical Research 79(16):2469-2472.

Prakash, A. 1974. Magnetospheres of Earth
and Jupiter After Pioneer 11. Paper read at
Brice Memorial Symposium on Magneto-
spheres of Earth and Jupiter, 28-31 May
1974, in Frascati, Italy.

Roome, W. D, and Torng, H. C. 1974.
Modeling and design of computer networks
with distributed computation facilities. In
Proceedings of 1974 Symposium on Com-
puter Networks, pp. 30-39. New York: In-
stitute of Electrical & Electronics Engineers.

Tang, C. L., and Ballantyne, J. M. 1974.
Nonlinear and Active Thin-Film Optical De-
vices. Paper read at National Science Foun-
dation Grantee-User Group Meeting, 29-30
May 1974, in Boulder, Colorado.

Telle, J. M., and Tang, C. L. 1974. Direct
absorption spectroscopy using a rapidly
tunable CW dye laser. Optics Communica-
tions 11:251-253.

. 1974. A New Method for Electro-
optical Tuning of CW Lasers and Modula-
tion Spectroscopy of Solids. Paper read at
8th International Quantum Electronics Con-
ference, 10-14 June 1974, in San Francisco,
California.

Wharton C. B. 1974. Experiments on Plasma
Turbulence. Paper read at Summer School
of Plasma Physics, 1-27 July 1974, in
Cadarache, France.

B GEOLOGICAL SCIENCES

Bloom, A. L., with Broecker, W. S.; Chap-
pell, J. M. A_; Matthews, R. K.; and Meso-
lella, K. J. 1974. Quaternary sea level fluc-
tuations on a tectonic coast: new ®Th/=U
dates from the Huon Peninsula, New Gui-
nea. Quaternary Research 4:185-205.

Karig, D. E. 1974. Evolution of arc systems
in the Western Pacific. Annual Review of
Earth and Planetary Sciences 2:51-75.

B INDUSTRIAL ENGINEERING AND
OPERATIONS RESEARCH

Fisher, M. L., and Gould, F. J. 1974. A sim-
plicial algorithm for the nonlinear comple-
mentarity problem. Mathematical Program-
ming 6(3):281--300.

Prabhu, N. U. 1974. Wiener-Hopf tech-
niques in queueing theory. In Mathematical
methods in queueing theory (Lecture notes
in economics and mathematical systems, no.
98), ed. A. B. Clarke, pp. 81-90. Berlin:
Springer-Verlag.

Prabhu, N. U., and Stidham, S., Jr. 1974.
Optimal control of queueing systems. In
Mathematical methods in queueing theory
(Lecture notes in economics and mathema-
tical systems, no. 98), ed. A. B. Clarke, pp.
263-294. Berlin: Springer-Verlag.

Weiss, L. 1974. The asymptotic sufficiency
of a relatively small number of order statis-
tics in tests of fit. Annals of Statistics 2:795.

B MATERIALS SCIENCE AND
ENGINEERING

Blakely, J. M., and Potter, H. C. 1974.
LEED, Auger spectroscopy and contact po-
tential studies on copper-gold alloy single
crystal surfaces. Report no. 2244, Materials
Science Center. Ithaca, New York: Cornell
University.

Isett, L. C., and Blakely, J. M. 1974. Binding
energies of carbon to Ni (100) from equilib-
rium segregation studies. Binding of carbon
atoms at a stepped Ni surface. Report nos.
2250 and 2288, Materials Science Center.
Ithaca, New York: Cornell University.

Johnson, H. H., and Kumnick, A. J. 1974.
Comment on “Materials continuity require-
ments of stress induced diffusional transport
during sintering.” Scripta Metallurgica
8:621-622.

Kumnick, A. J., and Johnson, H. H. 1974.
Hydrogen transport through annealed and
deformed Armco iron. Metallurgical Trans-
actions 5:1199-1206.

Ruoff, A. L. 1974. Experimental Aspects of
Metallic Hydrogen Synthesis. Paper read at
Gordon Conference on High Pressure, 17—
21 June 1974, in Meriden, New Hampshire.

Sass, S§. L. 1974. Direct Observations of
Small Coherent Particles and Pre-precipi-
tates Using the High Resolution Electron
Microscope. Paper read at Gordon Confer-
ence on Physical Metallurgy, 8-12 July
1;74, at Wolfeboro Academy, New Hamp-
shire.

Seidman, D. N. 1974, The Use of the Field
Ton and Atom Probe Field Ion Microscopes
for the Study of Defects in Metals. Paper



read at conference on Physics Problems Re-
lating to Energy Technologies: Radiation
Effects on Materials, 17-26 June 1974, at
Brookhaven National Laboratory, Upton,
Long Island, New York.

Shelton, J. C.; Patil, H. R.; and Blakely,
J. M. 1974. Equilibrium segregation of car-
bon to a nickel(111) surface: a surface phase
transition. Surface Science 43:493-520.

Thomas, E. L.; Sass, S. L; and Kramer,
E. J. 1974. A search for the mosaic block
structure in polyethylene single crystals.
Journal of Polymer Science 12:1015-1022.

Unertl, W. N., and Thapliyal, H. V. 1974.
Surface parameters of clean zinc(0001) from
averaged LEED data. Report no. 2290, Ma-
terials Science Center. Ithaca, New York:
Cornell University.

Wilson, K. L., and Seidman, D. L. 1974. The
Structure and Recovery Behavior of Irra-
diated Tungsten and Tungsten Alloys. Paper
read at 21st International Field Emission
Symposium, 2-6 July 1974 at Université
d’Aix-Marseille, Marseille, France.

@ MECHANICAL AND AEROSPACE
ENGINEERING

Bartel, D. L., and Marks, R. W. (1974). The
optimum design of mechanical systems with
competing design objectives. Journal of En-
gineering for Industry 96(1):171-178.

Bartel, D. L., and Swann, D. C. (1974). The
modeling and optimum design of real spatial
frames including the evaluation of compet-
ing design concepts. Journal of Engineering
for Industry 96(1):153-160.

Carson, W. W.; Cook, N. H.; Kramer, B.
M.; Leung, C. L.; and Suh, N. P. 1974, En-
hancement of cemented carbide tool prop-
erties. In NSF hard materials research, vol.
3, ed. D. P. H. Hasselman; G. E. Kane; and
C. B. Sclar, pp. 42-51. Lehigh, Pennsyl-
vania: Lehigh University.

Caughey, D. A. 1974. An Inviscid Analysis
of Transonic, Slatted Airfoils. Paper read at
7th Fluid and Plasma Dynamics Confer-
ence, AIAA, 17-19 June 1974, in Palo Alto,
California.

Craik, A. D. D., and Leibovich, S. 1974. A
Rational Model for Langmuir Circulations.
Paper read at 7th U.S. National Congress of
Applied Mechanics, 3-7 June 1974, in Boul-
der, Colorado. '

Deotto, D. R,, and Wang, K. K. 1974. A
theoretical study of laser-induced thermal
fatigue of carbide tool materials. In Proceed-
ings of 2nd North American metalworking
research conference, pp. 88-104. Madison:
University of Wisconsin.

George, A. R.; Homicz, G. F.; Kim, Y. N_;
Kitaplioglu, C.; Pien, W. S.; and Sears, W.
R. 1974. Research on helicopter-rotor noise.
In Proceedings of 2nd interagency sympos-
ium on university research in transportation
noise, pp. 328-345. Raleigh: North Caro-
lina State University.

Hubbell, R. H., and Gebhart, B. 1974.
Transport processes induced by a heated
horizontal cylinder submerged in gquiescent
salt-stratified water. In Proceedings of the
1974 heat transfer and fluid mechanics in-
stitute, pp. 203-219. Stanford, California:
Stanford University Press.

Moore, F. K., and Hsieh, T. (1974). Con-
current reduction of draft height and heat
exchange area for large dry cooling towers.
Paper no. 74-2, Cornell Energy Project.
Ithaca, New York: Cornell University.

Raithby, G. D., and Torrance, K. E. 1974.
Upstream-weighted differencing schemes and
their application to elliptic problems involv-
ing fluid flow. In Computers and fluids, vol.
2, pp. 191-206. Oxford: Pergamon Press.

Susemihl, E., and Krauter, A. 1974. Jack-
knifing of tractor-semitrailer trucks—detec-
tion and corrective action. Journal of Dy-
namic Systems, Measurement, and Control
96(2):244-252.

Turcotte, D. L.; Hsui, A. T.; Torrance, K. E.;
and Schubert, G. 1974. Influence of viscous
dissipation on Benard convection. Journal of
Fluid Mechanics 64(part 2):369-374.

Wang, K. K., and Lin, W. 1974. Flywheel
friction welding research. Welding Journal
Research Supplement 53(6)233s—241s,

B THEORETICAL AND APPLIED
MECHANICS

Achenbach, J. D., and Varatharajulu, V. K.

1974. Skew crack propagation at the diffrac-

tion of a transient stress wave. Quarterly of

Applied Mathematics 32(2):123-135.

Block, H. D.; Moulton, J. M.; and Robin-
son, G. M. 1974. A robot to learn natural
languages. In Proceedings of the 1974 con-
ference on biologically motivated automata
theory, ed. M. A. Arbib, pp. 214-217. New
York: Institute of Electrical & Electronics
Engineers.

Dunn, J. C. 1974. A graph theoretic analysis
of pattern classification via Tamura’s fuzzy
relation. IEE Transactions on Systems, Man,
and Cybernetics SMC-4:311-313.

Jenkins, J. T., and Barratta, P. J. 1974, In-
terfacial effects in the static theory of ne-
matic liquid crystals. Quarterly Journal of
]lulelch]azq]ics and Applied Mathematics 27:
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