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THE MASTER OF ENGINEERING
A Professional Degree for Today and Tomorrow

"A growing body of

expert opinion

underscores the

educational

soundness of

the Master

ofEngineering

program."

by William B. Streett

T he College of Engineering is cur-
rently engaged in a major initia-
tive to expand and strengthen the

Master of Engineering degree program.
Careful consideration of the evolving rela-
tionship between technology and society, as
well as the changing role of academic insti-
tutions, has made it clear that this is the right
course of action. It is educationally sound;
it addresses an important national need; and
it makes good financial sense.

Factors Leading to the Establishment
of the Professional Master's Degree
An engineer, like a lawyer or a doctor, needs
a considerable body of highly technical, spe-
cialized knowledge. But lawyers and doc-
tors gain their special knowledge in law
school and medical school, after earning a
four-year bachelor's degree, while engineers
are expected to learn everything they need
to know during a four-year, undergraduate
program. Learning the necessary technical
material takes up so much of this time that
there is little room left for the variety of courses
that would provide a liberal education. This
leaves many engineers with an outlook on
life that lacks the breadth generally expected
of college-educated people and with a less-
than-adequate appreciation for the social
context of their engineering practice.

From 1946 to 1964, Cornell attempted
to deal with this problem by offering a five-
year undergraduate program in engineer-
ing. While this unpacked the crowded cur-
riculum, allowing time to educate students
for life as well as for a career, the five-year
requirement was a disadvantage for Cornell
in competing with other institutions. As
long as some schools were offering four-year
degrees, many students preferred to choose
a program that would allow them to enter the
job market in 80 percent of the time and at 80
percent of the cost.

The Master ofEngineering program was
born of an effort to retain the advantages of
a five-year degree without making students
commit themselves to a program lasting five
years. A four-year undergraduate program
provides basic technical training as well as
a modest exposure to the humanities and
social sciences, while a one-year graduate
program provides an opportunity for engi-
neers to get the highly specialized training
required for professional practice in the
modern world.

The Educational Value
of the Professional Master's Degree
A growing body of expert opinion under-
scores the educational soundness of the
Master of Engineering program. Virtually
every major study of engineering education
carried out over the past decade has recom-
mended the expansion of professional de-
gree programs for engineers.

• A committee appointed by the National
Research Council recommended that engi-
neering education emphasize a broad cur-
riculum with a strong grounding in funda-
mentals and science, include greater
exposure to nontechnical subjects such as
the humanities and social sciences, and post-
pone extensive disciplinary specialization
until the graduate level.

• A task force of the American Society
for Engineering Education reported that "at
the graduate level, advanced degree pro-
grams focused on engineering practice
should be vigorously developed by engineer-
ing faculties to complement research-ori-
ented degree programs. The majority of
baccalaureate students who wish to pursue
careers in engineering practice should be
encouraged to complete such programs on
a full-time basis."

• The M.I.T Commission on Produc-
tivity recommended the development of a
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Master of Engineering student
Janet jasinski calibrates a probe
that measures the net flux of
ammonium and nitrate ions near
the surface of barley roots.
Jasinski, who studied for the
M.Eng. degree while on
sabbatical leave from her
teaching position at Tompkins
Cortland Community College,
worked with Professors Larry P.
Walker and Daniel J. Aneshansley
in the Department of Agricultural
and Biological Engineering. Her
design project involved
development of the ion-selective
electrode used in the probe and
a computer-controlled method
for calibrating it.
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program that would offer, as an alternative
to the existing four-year curriculum, a
broader undergraduate program followed by
a professional degree program; the under-
graduate program would include courses in
subjects such as science, history, econom-
ics, management, foreign languages, and
cultural diversity.

• The Workshop on Engineering Edu-
cation in the Twenty-first Century, con-
vened by the National Academy of Engi-
neering, recommended the development
of a diverse pattern of longer degree pro-
grams (lasting five or six years) that would
lead to a master's degree that incorporates
elements of management, liberal arts, inter-
disciplinary work, and international stud-
ies, as well as extensive scientific and tech-
nical preparation.

In essence, all of these studies recom-
mend that engineering education evolve in
the direction taken in the other professions,
with a broad undergraduate degree that pro-
vides an opportunity for the study of diverse
subjects, followed by intense technical spe-
cialization at the professional master's level.

National Implications
of the Professional Master's Degree
The combination of a more comprehensive
undergraduate curriculum and a profes-
sional master's program brings greater depth
and breadth to engineering education.
These changes are necessary as industry is
increasingly subjected to influences of a
nontechnological nature, while the frontiers
of technology become increasingly complex
and interdependent.

It is clear that productivity cannot be im-
proved by speeding up production lines, and
many factors relevant to productivity have
a social dimension. For example, many suc-
cess stories in recent years involve organi-
zational innovations such as employee par-
ticipation in decision making. Efficient
manufacturing options such as just-in-time
scheduling require an assessment of con-
sumer demand. It is increasingly necessary
to cope with the public desire for products
to be manufactured in ways that do not harm
the environment. Industries that employ a
culturally diverse work force must have an

understanding of relevant cultural patterns,
as must multinational corporations with fa-
cilities in countries around the world. All of
these factors militate against narrowly
trained engineers who can only cope with
problems of a strictly technological nature,
and in favor of more broadly trained engi-
neers who have a perspective on how tech-
nological advances fit into a broader social
context.

But engineers are also expected to have a
detailed knowledge of increasingly sophis-
ticated technologies. At the beginning of
this century, there was only a moderate gap
between a mechanical engineer and a me-
chanic—it was even possible for a bicycle
mechanic to make the transition to aero-
nautical engineer. This is a far cry from the
fund of knowledge needed to design rock-
ets, computer components, or composite
materials.

Industry's appreciation of the superior ca-
pabilities of candidates for employment with
graduate training is apparent in starting sala-
ries, which are $6,000 to $10,000 higher for
those with master of engineering degrees
than for those with bachelor's degrees alone.
Those who can speak German or Japanese,
or who have lived abroad, are especially in
demand.

The Financial Implications
of an Expanded M.Eng. Program
For the College of Engineering, the M.Eng.
program is financially sound. It is on a much
firmer footing than the research-oriented
M.S./Ph.D. program, which is supported by
federal grants, industrial contributions, and
the general-purpose revenues of the univer-
sity. A good research program is the pride
of any technical institution, and the long-
range benefits of research cannot easily be
measured in dollars and cents. But a healthy
institution cannot place undue reliance on
research funding as a source of support.
Research funding is precarious, fluctuating
with the state of the economy and changes
in the perception of what technological ad-
vances are needed and what lines of en-
deavor are likely to pay off. In contrast, in-
come generated by a professional master's
degree program is relatively steady and re-
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Master of Engineering student Edward
DeBiase demonstrates the Mark II Practical
Human-Powered Commuter Vehicle, which
was designed and built by a group of engi-
neering students under the guidance of
Professor Samuel E. Landsberger. Devel-
oped as a practical, safe, and healthy alter-
native to the automobile for short trips, the
vehicle placed ninth in the International

Human-Powered Vehicle Competition, held
in Milwaukee last August. The three-
wheeler features an innovative "lean-to-
steer" mechanism and an optional bubble
fairing for protection against inclement
weather. A Mark III vehicle, which will in-
clude an electric motor to assist with large
loads on steep hills, is currently in
development.
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liable, representing, as it does, direct pay-
ment for value rendered.

The M.Eng. program not only pays for
itself but also generates income that can be
used for other purposes, including defray-
ing the cost of research. An increase of one
hundred M.Eng. students per year would
provide the College of Engineering with
close to $1.5 million in increased revenue.
This could be accomplished with a modest
increment in the commitment of individual
faculty members to the M.Eng. program.

A Series of Perspectives
on the M.Eng. Program
This issue of Cornell Engineering Quarterly
presents five perspectives on the Master of
Engineering program, written by people
with an intimate knowledge of the program
and how it works. S. Leigh Phoenix and
Petru Petrina show how the M.Eng. pro-
gram makes it possible for students to mas-
ter the details of a complex, emerging tech-
nology such as composite materials. John
Belina provides an inside view of a school
that has a long and successful involvement
with the program. Albert R. George pre-
sents a contrasting picture, showing a new
program, oriented to a genuine need, that
is off to a strong start. Clifford Wagoner
looks at the M.Eng. internship program
from the perspective of industry, describ-
ing its advantages for prospective em-
ployers. And finally, Edmund T. Cranch
looks at professional master's degrees in
broad perspective, outlining the qualities
that enable them to meet their educational
objectives.

Interspersed among these essays are por-
traits of students involved in typical M.Eng.
design projects. These projects are the heart
of the program, contrasting with the reseach
expected of M.S./Ph.D. students. They form
the nexus between academic experience and
the real world of the professional engineer,
and they provide the last word in an engi-
neering education that is both broad and
focused, general and specific, theoretical and
practical.

Dean William B. Streett came to Cornell in
1918 after a distinguished career at the United
States Military Academy.

Streett received the B.S. degree at West
Point and was commissioned into the U.S. Army
in 1955. During his militaty service, he earned
M.S. and Ph.D. degrees in mechanical engi-
neering at the University of Michigan. After
teaching astronomy and astronautics at West
Point from 1963 to 1965, he spent a year at the
University of Oxford as a NATO postdoctoral
research fellow in chemistry. He returned to
West Point as associate professor of chemistry,
and in 1969 he became assistant dean for
academic research and founding director of the
Science Research Laboratory.

Streetfs research activities focused on the
molecular properties of dense fluids. After
retiring from the army with the rank of colonel,
he continued this work as a senior research
associate at CornelVs School of Chemical
Engineering. In 1981 he was made a full
professor and associate dean for research and
graduate studies at the College of Engineering.
In 1984 he became acting dean, and in 1985 he
was appointed the Joseph Silbert Dean of
Engineering.

Streett has been a Guggenheim fellow and
an invited lecturer at six Gordon Research
Conferences. He is a member of Tau Beta Pi,
Sigma Xi, the American Institute of Chemical
Engineers, the American Chemical Society, and
the Royal Society of Chemistry.
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The M.Eng. Degree Program

B.S. Curriculum M.Eng.

3

Math anc1 Science

Liberal

Electives

Electives

Field Courses

1 2 3 4 5 6 7 8 9
Semesters

A typical curriculum for the integrated B.S. and M.Eng. programs includes eight undergraduate semesters and
two graduate semesters. In this diagram, each block represents one course. Many undergraduate courses are
valued at three academic credits, but graduate courses, which are required for the M.Eng., are usually valued at
four. Field courses are in the discipline that is the major subject.

Degree Choices and Current Enrollment

Aerospace Engineering 3
Agricultural and Biological Engineering 3
Chemical Engineering 8
Civil Engineering 62
Computer Science 28
Electrical Engineering 118
Engineering Mechanics 5
Engineering Physics 20
Geological Sciences 1
Materials Science and Engineering 5
Mechanical Engineering 23
Nuclear Science and Engineering 2
Operations Research and Industrial Engineering 45

Special Options

M.Eng./M.BA. A joint offering of the College of Engi-
neering and the Johnson Graduate School of Man-
agement that enables students to earn both degrees
in five semesters.

Program in Engineering Management. A special curricu-
lum that prepares students to assume managerial
responsibility for projects and complex technical
systems.

Manufacturing Option. A special focus on manufac-
turing, including economic, social, and technical con-
siderations, that is available in several fields.

(Dean s Certificates, awarded in conjunction with M.Eng.
degrees, attest to curricular concentration in particu-
lar areas such as management and manufacturing.)

Advanced Engineering Degrees Granted in 1991

M.Eng.
M.S.
Ph.D.

194
123
137
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ADVANCED COMPOSITES
AND ENGINEERING EDUCATION

by S. Leigh Phoenix and Petru Petrina

"... the real bottle-

neck that is holding

back development of

the composites

industry is the lack

of a sufficiently

knowledgeable

engineering

workforce."

W hen Cornell University first
offered a course of study lead-
ing to the Bachelor of Me-

chanical Engineering degree, in 1871, it was
not hard to to fit all relevant material into a
four-year curriculum. Now, however, when
we try to design a program to give students
competence in fields such as advanced com-
posites, four years is just not long enough. The
fund of knowledge that today's engineers have
to master is not only different and more spe-
cialized than that of their nineteenth-century
counterparts—it is also more extensive. That
is why the Department of Theoretical and Ap-
plied Mechanics has recently instituted a Mas-
ter of Engineering Program in Advanced
Composites and Structures.

Tailor-Made Materials
for High-Tech Applications
Composites are hybrid materials consisting of
reinforcing fibers or particles embedded in a
matrix. Together, these two phases yield a
material with more useful properties than ei-
ther of the constituent materials. A composite
that has a number of potential uses in civil
engineering is fiber-reinforced concrete.
Newer, more esoteric composites that have
been developed in recent years are polymer-
matrix composites (PMCs), ceramic-matrix
composites (CMCs), and metal-matrix com-
posites (MMCs). PMCs already have many ap-
plications, while the technologies for CMCs
and MMCs are still emerging.

PMCs are lighter, stronger, and stiffer than
traditional metal alloys, which makes them
ideal for many aerodynamic and automotive
applications where weight and strength are
critical to performance and efficiency. They
also have great potential for civil-engineering
applications such as bridges and support
structures. CMCs can withstand extremely
high temperatures and may be used in ad-
vanced propulsion systems such as aircraft tur-

bines and internal combustion engines. For
somewhat less demanding high-temperature
applications, MMCs with ceramic reinforcing
fibers may be the material of choice. They
show promise for use in the leading edges and
other hot sections of the airframe skin of hy-
personic aircraft, and also for automotive
engine components.

Structural composites are not new; they
have been used in selected aerospace applica-
tions for the past thirty years. The United
States has a strong research and manufactur-
ing base, which developed to serve NASA and
the Department of Defense. But American
suppliers have paid relatively little attention
to the potential of the commercial market. In
contrast, Japanese and European firms have
positioned themselves for rapid development
involving commercial applications. Dramatic
expansion in the use of structural composites
can be expected as the industry becomes in-
creasingly international. Recently, worldwide
growth of the advanced composites industry
has been approaching a rate of 15 to 20 per-
cent per year.

Composites will soon be used in products
manufactured for virtually every sector of the
economy. Annual sales of advanced compos-
ites (not including fiberglass) are expected to
top $20 billion by the year 2000. A lowering
of manufacturing costs and a better under-
standing of reliability factors will lead to even
more rapid growth. But the real bottleneck
that is holding back development of the com-
posites industry is the lack of a sufficiently
knowledgeable engineering work force.

The Need for More
Specialized Engineers
Growing recognition of the importance of
composite materials in fields such as mechani-
cal engineering, aerospace engineering, civil
engineering, and biomedical engineering has
generated pressure to reformulate the under-
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Master of Engineering student William F.
Davidson checks the alignment of an epoxy-
impregnated graphite strand with the aid
of a creep-rupture tester in the composites
laboratory at the Department of Theoretical
and Applied Mechanics. Davidson's design
project involved the wing structure of a sail-
plane. Over the past two years, some thirty-
five seniors and M.Eng. students, guided by

Professor David A. Caughey, have
contributed to the design of an unpowered
aircraft. Davidson had to figure out how to
make the wings both strong and light.
Working with Leigh Phoenix and Petru
Petrina, he developed a structural material
consisting of half-inch-thick balsa wood
with six layers of a graphite-epoxy
composite on either side.
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"New courses on

composites are

needed to produce

better prepared

professional

engineers...."

graduate curriculum in schools around the
country. New courses on composites are
needed to produce better prepared profes-
sional engineers, and adjustments are neces-
sary in order to fit them in. Some undergradu-
ate programs, especially those associated with
major research centers, have responded with
new elective courses at the senior level or
changed the scope of undergraduate courses
in mechanics, materials, and design. Unfortu-
nately, the ground that has to be covered to
train a knowledgeable professional engineer
is far too great to be traversed in an already-
crammed, four-year curriculum.

Comprehensive education in the technol-
ogy of composite materials has occurred
largely at the doctoral level, where students
have taken specialized courses to complement
standard disciplinary courses and have also
written a research-oriented dissertation. Pro-
fessional engineers, on the other hand, have
had to make do with the short courses typi-
cally offered through university extension ser-
vices. These courses usually involve twenty to
thirty hours of intense exposure to theory, soft-
ware, and sometimes, laboratory experience.
But they often lack rigor, have minimal home-
work, and allow insufficient time for students
to assimilate the material covered in lectures.

The Department of Theoretical and Ap-
plied Mechanics at Cornell has initiated a
Master of Engineering program to better pre-
pare engineers who want to work with mod-
ern composites. The goal of the program is to
give students the background they will need
to perform as professional engineers in this
rapidly expanding field. Now in its second year,
the program focuses on the mechanical be-
havior of advanced composite materials and
structures. It is designed for students who have
already completed four-year programs in fields
such as mechanical, aerospace, structural, ma-
terials, or biomedical engineering.

The Anatomy
of the Program
As in other Master of Engineering programs,
course and project requirements can be met
in two semesters. Of the thirty required cred-
its, up to ten may be earned with an individual
design project involving composites. Since a
number of ongoing research programs in the

department are related to composite materi-
als and are supported by excellent experimen-
tal and computational facilities, the design
project can draw on these resources.

At the heart of the program are two new
courses, Introduction to Composite Materi-
als, and Advanced Composite Materials and
Structures. The introductory course surveys
the different kinds of fibers used for reinforce-
ment and the mechanical properties of vari-
ous matrix materials. It also introduces the
analysis of failure mechanisms and the elastic-
ity of oriented materials. Micromechanical
theories of stiffening and strengthening are ex-
plored, and manufacturing methods and as-
sembly techniques are discussed. The ad-
vanced course is more involved with
composites as structural materials. It explores
theories dealing with the strength of compos-
ites reinforced with continuous and discon-
tinuous fibers, the micromechanics of stiffness
and strength, interface mechanics, modes of
failure, and statistical models for strength and
fatigue. The mechanics of structural compo-
nents are made relevant to fabrication tech-
niques such as bolt systems and adhesive
bonding.

These courses, which are purposely broad
in scope, are complemented by a set of one-
credit minicourses that make it possible for
students to concentrate on particular areas.
They are scheduled in three sequential ses-
sions per semester, so that students can earn
up to six credits over the course of two semes-
ters. Much of the material is at the cutting edge
of research, and it is taught by faculty mem-
bers who are opening up the field. Currently,
minicourses are offered on Analysis of Com-
posite Structures, Biological Composites,
Design Principles for Composite Structures,
Mechanical Testing of Composite Constitu-
ents, Reliability Models for Composites, Frac-
ture Testing of Composites, Software for
Composite Design, Nondestructive Testing of
Composites, Novel Composite Structures,
Effective Properties of Composites, Bound-
ary-Element Methods for Composites, and
Interface Failure and Fracture Processes in
Composites.

In addition, students can choose among
a variety of elective courses offered by the
Department of Theoretical and Applied Me-
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Master of Engineering student Jeffrey
Maggard uses an infrared vacuum furnace
to construct fine-pitch solder joints between
the metal traces on silicon chips and
ceramic packages. "Flip-chip" packaging, in
which the active side of chips faces the
carriers on which they are mounted,
enhances performance but complicates
assembly. Connections must be made by
positioning tiny bits of solder between chips
and carriers, then heating them to melt the

solder. Maggard's M.Eng. project, carried
out under the supervision of Professor
Che-Yu Li in the Department of Materials
Science and Engineering, involves the
construction and testing of flip-chip solder
joints only fifty microns in diameter. It is
part of a long-term research program on
the reliability of electronic components that
is sponsored by the Electronic Packaging
Alliance.
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Master of Engineering student
Tony Puliafico adds liquid
nitrogen to a Dewar flask

containing a salt crystal that has
been prepared to act as a gain
medium in a color-center laser.

For crystals to lase, they must be
treated in a "heat pipe/' where

they are exposed to sodium
vapor at low pressure and high

temperature. This induces a
microscopic defect—a missing

chlorine ion in the crystalline
lattice, whose place is taken by a

free electron. Puliafico's work,
which was conducted in

Professor Clifford Pollock's
laboratory in the School of

Electrical Engineering, involved
varying the temperature and

pressure in the heat pipe to find
out what conditions would
produce the most efficient

crystals most consistently. In the
course of his experiments,

Puliafico improved the heat-pipe
technology by developing a

better holder for the crystals.
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chanics as well as other schools and depart-
ments. They can learn about the properties of
solid polymers, plastic flow, and fracture in the
Department of Materials Science and Engi-
neering, mechanical and aerospace structures
and biomechanical systems in the Sibley
School of Mechanical and Aerospace Engi-
neering, and engineering fracture mechan-
ics and finite-element analysis in the School
of Civil and Environmental Engineering.

Enthusiastic Response
to the Composites Program
The design project, which is central to the
Master of Engineering program, gives students
a chance to become involved with the practi-
cal details of composites and composite struc-
tures. In the first two years of the program,
students have been invited to work on topics
such as creep-rupture of composites used in
cables for bridges and concrete reinforcement,
fiber-reinforced epoxy coatings for reinforc-
ing steel in concrete decks, development of
acoustic measuring techniques for determin-
ing the position of breaks in single fibers, de-
sign and fabrication of an all-composite oar,
nondestructive ultrasonic measurement of ply
layups in laminates, ultrasonic measurements
for characterizing elastic properties in com-
posites and detecting defects, and detection
and characterization of an impact source on a
composite plate.

In addition, some enterprising students
have suggested their own topics. Three have
worked with mechanical engineering under-
graduates in projects to build a lightweight
glider and a race car for the annual Mini-Baja
competition sponsored by the Society of Au-
tomotive Engineers. Both the glider and the
race-car body are being made of composites,
and the M.Eng. students have overseen the
fabrication and testing of prototype parts.

With about five students registered in each
of its first two years, the Master of Engineer-
ing Program in Advanced Composites and
Structures is off to a good start. But the De-
partment of Theoretical and Applied Mechan-
ics expects to see the program grow, within a
short time, to about fifteen per year. As de-
signer materials become more common, there
will be an increasing demand for people who
can design them.

m - - ~

S. Leigh Phoenix (right) is a professor in the Department of Theoretical and Applied
Mechanics. He received his Ph.D. from Cornell in 1912, worked for two years as a senior
research associate at Fabric Research Laboratories in Dedhani, Massachusetts, and then
returned to join the faculty. He is associated with the Materials Science Center and the
Mathematical Sciences Institute. He spent a sabbatical year at the Lawrence Livermore
National Laboratory doing research on the failure of composites (1981-82), and a second
leave at the University of Surrey, England (fall 1988). Phoenix is a member of the
American Society of Mechanical Engineers, the American Physical Society, and the Fiber
Society, from which he received the 1983 Award for Distinguished Achievement in Basic
or Applied Fiber Science.

Petru Petrina first came to Cornell from his native Romania in 1971-72 as a
Fulbright fellow and a visiting scientist in the Department of Theoretical and Applied
Mechanics. He received his doctorate in 1976 and spent three years with Sargent and
Lundy Engineers in Chicago, working as a senior structural engineering specialist in the
area of nuclear power plants. He then returned to Romania and served on the faculty of
the Polytechnic Institute ofCluj, where he was an associate professor of construction
mechanics. He was appointed senior research associate in the Department of Theoretical
and Applied Mechanics in 1987.
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David Bonomi, a Master of Engineering
student in the School of Electrical
Engineering, examines a digital-audio
signal-processing card that is suitable for
installation in a Macintosh II computer.
Bonomi and a team of ten other M.Eng.
students and seniors are developing an
advanced digital-audio workstation in the

Laboratory of Communications, Data
Storage, and Signal Processing, under the
direction of Professor Chris Heegard. The
students are responsible for all aspects of
the workstation's software and hardware
design. The cards are fabricated off campus
according to their specifications.
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TRIED AND TRUE
The M.Eng. in Electrical Engineering

T he School of Electrical Engineer-
ing has enthusiastically supported
the Master of Engineering pro-

gram ever since it first started, back in 1965.
At that time, the school strongly endorsed
the idea of phasing out the five-year
bachelor's degree curriculum in favor of a
streamlined four-year program. Equally
strongly, it endorsed an optional fifth year
of focused study and graduate specialization
to serve as a capstone on the education of
engineers about to join the work force.
During the first twenty years of the pro-
gram, nearly 40 percent of the Master of
Engineering degrees conferred by the Col-
lege of Engineering were granted to stu-
dents in electrical engineering.

Three years ago, the school's commit-
ment to the M. Eng. program was reexam-
ined by the electrical engineering faculty. A
central issue was whether the curriculum
should be seen as a fifth year of undergradu-
ate study or a true graduate program. The
overwhelming consensus was that it is a true
graduate program, but far from optional.
The faculty actively encourages every un-
dergraduate who wishes to pursue a career
in engineering design to plan for graduate
training.

The M.Eng. curriculum has been up-
dated, but many traditional features of the
program, such as a design project with a fi-
nal report in place of a master's thesis, have
been retained. The faculty decided that the
one-year professional master's degree pro-
gram had withstood the test of time, and all
it needed was a good tune-up.

Flexibility:
The Key to Success
The success of the M.Eng. program in elec-
trical engineering is due, in large part, to
the fact that we are not committed to a rigid
view of what all electrical engineers need to

by John Belina

know. We take students from wherever we
find them and help them get where they
want to go.

Students who apply to the program already
have a bachelor's degree in electrical engineer-
ing. But what does this mean? There is no
general agreement from one engineering
school to another on the proper content of an
undergraduate curriculum, and students are
advised by many educators to avoid excessive
specialization. So students arrive to begin the
M.Eng. program with varying degrees of
preparation and levels of expertise.

All students are expected to achieve a
state-of-the-art knowledge in at least one
or two areas of specialization. But students
are free to choose the areas they want to
focus on, and they are at liberty to choose
elective courses from a wide range of offer-
ings in engineering, the sciences, or analyti-
cally oriented disciplines such as manage-
ment methods and information systems.
Through careful and individualized curricu-
lar planning, we can accommodate students
from a wide variety of backgrounds who seek
advanced training in a multiplicity of dif-
ferent subjects.

Over sixty courses available to M.Eng. stu-
dents cover such diverse areas as computer
engineering, quantum devices, neural net-
works, communication systems, and signal
processing. The promise that students will not
be closed out of electrical engineering courses,
regardless of how many sign up, is central to
the operation of the M.Eng. program. With
about 120 M.Eng. students and another 150
M.S./Ph.D. students, the demand for particu-
lar courses can be quite heavy. But guaranteed
access to courses is important in a one-year
program, since students cannot wait for a
course to be taught in a subsequent semester.
So we are committed to opening another labo-
ratory or recitation section for any course,
whenever demand dictates.

"Through careful

and individualized

curricular planning,
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students with a wide

variety of back-

grounds who seek

advanced training

in a multiplicity of

different subjects."

Winter 1992 15



Master of Engineering student
Kevin Shaw examines a

micromachine with the aid of a
scanning electron microscope.
The emerging technology for

fabricating micromachines makes
possible sensors, actuators,

motors, and various other
instruments on a microscopic

scale. The micromachine seen on
the display screen is about the

diameter of a human hair. Shaw's
work with micromachines,

conducted under the direction of
Professor Noel MacDonald of the

School of Electrical Engineering,
makes use of the resources of the
National Nanofabrication Facility.
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M.Eng Design Projects
Offer Many Possibilities
The centerpiece of the M.Eng. program is
the design project, and the wide-ranging in-
terests of both faculty and students combine
to produce a variety of exciting and mean-
ingful efforts. In a recent survey, students
indicated that the design requirement is one
of the most rewarding and significant fea-
tures of the M.Eng. program.

The school's faculty members, who rep-
resent more than a dozen specialized areas,
are continually engaged in research. Their
work involves everything from developing
tiny motors and tweezers, just a few microns
in size, to investigating the electrical prop-
erties of the earth's ionosphere. Each semes-
ter the school publishes a list of faculty-
sponsored design projects that are a part of
these ongoing research efforts. More than
one-third of the M.Eng. students choose to
work on these projects.

Others, however, have their own ideas
for design projects. Every effort is made to
encourage students with original ideas, and
in a faculty of forty-five, even the most un-
usual projects can generally find a sponsor.
Last year, for example, two eager students
wanted to explore the principles of speech
compression by building a totally digital
phone-answering machine. In addition to
learning how to digitize and compress
human speech, these students had to become
familiar with the operation of a telephone
network. Several other students developed
a substantial part of a high-speed optical
Ethernet hub for computer networking.
Other students, who made use of the re-
sources at the National Nanofabrication
Facility, studied resist systems used for
nanometer electron-beam lithography.

In the past three years, a few group
projects have been tried. One, headed by
Professor Chris Heegard and called DARE
(for Digital Audio Research Environment),
provides design experience in the develop-
ment of digital audio systems. A second ex-
ample is an advanced signal-processing
project conducted by a group under Ber-
nard Hutchins, a lecturer in electrical engi-
neering. Yet a third example is the Cornell

Electric Vehicle Project, which Professor
Robert Thomas and I supervise. This project
involves forty-five students, from both elec-
trical and mechanical engineering, at both the
undergraduate and M.Eng. levels.

Faculty members enjoy working with
M.Eng. students on projects of common
interest. They appreciate the contributions
that these students can make to on-going
research activities and recognize that inde-
pendent projects may bring unexpected ben-
efits. Some projects afford an opportunity
to explore areas of avocational interest, while
others may lead to new avenues of research.
Indeed, faculty members value M.Eng. pro-
ject work so highly that they engage in a
friendly competition for each new crop of
students.

Options for Financing
an M.Eng. Degree
Increasingly, corporate recruiters are seek-
ing out M.Eng. graduates for prime employ-
ment opportunities in engineering design
and offering them starting salaries that are
$6,000 to $8,000 higher than those offered
to graduates with only a bachelor's degree.
This improvement in earning potential is a
strong motive for would-be engineers to
spend a fifth year in academia before launch-
ing out into the marketplace. But first, they
have to pay for the M.Eng. program.

Financial aid for M.Eng. students is a
concern of the College of Engineering, and
fund raising for the program is a top prior-
ity for the college as it participates in the
university's current capital campaign. Until
these efforts yield tangible results, the main
options for financing an M.Eng. degree are
a teaching assistantship or corporate sup-
port.

Graduate teaching assistantships provide
a chance for many M.Eng. students to defray
the cost of a graduate professional degree.
M.Eng. teaching assistants are in a good
position to be effective—typically close
enough to undergraduates in age to be
accepted as peers, yet motivated, knowl-
edgeable, and willing to serve as mentors
for those confronting the material for the
first time. The response of students in the
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"the support of

industry plays a

crucial role in the

success of the Master
of Engineering

program...."

\

classes they work with is generally excellent.
Some M.Eng. students also help develop
new courses. Daniel Lee, an M.Eng. stu-
dent who graduated a year ago, was respon-
sible for introducing digital sampling oscil-
loscopes into the junior-year laboratory.

Corporate sponsorship as a way of financ-
ing an M.Eng. degree has been growing
steadily in importance. More and more com-
panies are sending select employees back to
school for professional master's degrees as
a way of enhancing their long-term career
potential. Over 25 percent of the students
in the most recent entering class are receiv-
ing at least a partial subsidy from a corpo-
rate sponsor.

Support from the Marketplace:
The Corporate Tie
In other respects, also, the support of in-
dustry plays a crucial role in the success of
the Master of Engineering program in elec-
trical engineering. Not only do corporations
sponsor some M.Eng. students—they also
provide employment for most of them after

John Belina is a lecturer and assistant director at
the School of Electrical Engineering, where he
earned the B.S. and M.Eng. degrees in 1974 and
1975. He received the 1975-76 Outstanding
Service Award from the student chapter of the
Institute of Electrical and Electronics Engineers,
and the 1981-82 NRC Award for Outstanding
Achievement in Electrical Engineering. A talent
for working with people led him into administra-
tion, and he has served the College of Engineering
as director of advising and counseling, and as
assistant dean for admissions and records.

Belina has twice been named most influential
educator by Cornell students selected as Presidential
Scholars, and in 1990 he was awarded a Dean *s
Prize of $1,500 for his efforts in advising under-
graduates and working with student organizations.
He is a member of the honorary societies Phi Kappa
Phi and Sigma Xi as well as the New York Acad-
emy of Sciences.

they graduate. And many companies pro-
vide direct support to the school, donating
equipment that helps keep laboratories and
computing resources up-to-date. In return,
the school's industrial partners get to have
their fingers on the pulse of academic re-
search and have access to some of the best
young talent on the market.

Current forecasts predict that the prac-
tice of engineering in the 1990s and beyond
will be distinctly different from what it has
been since the Second World War. We be-
lieve that advanced training is the key to
leadership in this new technical environ-
ment. With continued enthusiasm and sup-
port from students, faculty, and industry,
Cornell will remain in the front rank of
schools that train masters of the engineer-
ing profession.
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Christopher Bett (left), James Murphy, and
Herbert Darrow (right) peer under the
hood of a new Sahara van that will be
adapted to run on electric power instead of
gasoline. Plans call for a separate motor on
each wheel in order to reclaim the efficiency
lost by channeling one motor's output
through a differential. The electric car

project, which is expected to continue for
several years, is coordinated by Professor
Robert J. Thomas and John Belina.
Currently, forty-five Master of Engineering
and undergraduate students, from both
electrical and mechanical engineering, are
working on the project. The van was
donated by General Motors Corporation.

Winter 1992 19



The application of electrical engineering to
biological problems is illustrated by the
design projects of Master of Engineering
students Suzanne Bliven, Scott McCormack,
and Mark Riccio. Bliven (left) is developing
an artificial neural network with pattern
recognition capabilities that can be used to
interpret electrocardiograms (ECGs). The
network will "learn" to distinguish between
patterns produced by a normal heart and
several different cardiac abnormalities.
McCormack (right) has developed a data-
acquisition system that provides electronic
information to Bliven's neural network.

Riccio (seen here in the role of "patient") is
developing a portable device that will keep
track of a person's circadian rhythm.

The three students have all chosen
different paths to the M.Eng. degree.
Bliven, an assistant director of Engineering
Admissions, is in Cornell's Employee Degree
Program. McCormack spent two years in
part-time study while employed by a local
computer retailer. And Riccio exercised the
early admission option, beginning work
toward the M.Eng. degree while still an
undergraduate.
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THE MANUFACTURING OPTION
For a Well-Rounded Manufacturing Engineer

weeping changes are occurring in the
ways that manufactured goods are de-
signed, produced, commercialized,

and serviced. Product design is being improved
while development time and production costs
are being reduced. Changes are often radical,
and they are sometimes implemented on a
massive scale. The overall effect is a merging
of design, manufacturing, and marketing into
a seamless whole.

The driving force behind these changes is
fierce international competition. Affluent con-
sumers have always appreciated quality and di-
versity in manufactured products, and the
gradual decline of national boundaries as bar-
riers to trade has made it increasingly possible
for them to pick and choose. Manufacturers
who want to succeed in this free-for-all must
do things faster, cheaper, and better.

It has become clear that in order to com-
pete successfully, companies must think of their
product realization process as a unified whole
rather than a sequence of loosely integrated
elements. In order to meet national and inter-
national competition, they must consider con-
sumer desires, engineering design, quality, life
cycle, cost, design of manufacturing process,
distribution, and marketing all at the same
time. This new approach has been called si-
multaneous engineering, concurrent engineer-
ing, quality-function deployment, value-added
analysis, total quality management, and con-
tinuous improvement. The basic idea is that
success depends on a broad perspective, and
today's engineers must know about a great deal
more than just the nuts and bolts.

A Professional Degree Program
with Emphasis on Manufacturing
The Manufacturing Option in the Master of
Engineering Program is Cornell's response to
a growing need for engineers educated to deal
with the wide-ranging changes now occurring
in industry. It is an opportunity for M.Eng.

by Albert R. George

students who are interested in manufacturing
to acquire breadth through the study of rele-
vant subjects outside their core disciplines. It
provides, in effect, a second major, in manu-
facturing, to complement the technical major.
It introduces students to subjects such as fi-
nance, operations management, personnel
management, and manufacturing processes. It
offers students the technical competence ex-
pected of Master of Engineering graduates,
while placing technical considerations in a
broader manufacturing context.

The Manufacturing Option achieves this
synthesis by preempting the elective courses
in the usual Master of Engineering curricu-
lum. All M.Eng. students take four technical
courses in their area of specialization, and
choose four more courses in accordance with
their interests and in consultation with their
adviser. In the Manufacturing Option, students
take four technical courses and four cross-dis-
ciplinary manufacturing courses. In addition,
they attend a weekly manufacturing seminar
and participate in a cross-disciplinary manu-
facturing design project.

One of the four core courses of the Manu-
facturing Option is a manufacturing-process
survey course. Students may choose between
two options: Survey of Mechanical Manufac-
turing Processes or Principles of Electronic
Packaging. Each course assumes only a gen-
eral engineering background, without special-
ized knowledge, and students can select the
course that best fits their needs. Thus, prac-
ticing mechanical engineers without under-
graduate training in mechanical manufactur-
ing processes might take this opportunity to
catch up, while engineers with the requisite
undergraduate background could take this
opportunity to broaden their horizons and
learn about electronic packaging. The survey
of mechanical manufacturing processes, which
is offered by the Sibley School of Mechanical
and Aerospace Engineering, reviews the prop-
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Master of Engineering student William
Brandt adjusts the telescopic backbone of a
novel parallel-link cable-controlled manipu-
lator arm designed for use on a small
underwater robot. The arm is moved by
cables that act in concert, much as human
neck muscles work together to position the
head—but tension in the cables must be
maintained while the arm extends and
contracts. Brandt, a student in mechanical

engineering who works with Professor
Samuel Landsberger, developed various
telescopic spines for maintaining cable
tension. The robot, shown in the
background, is used for environmental
sampling; it may also be capable of remov-
ing zebra mussels that clog underwater
pipes. The arm may have applications in
surgery, shipbuilding, and work in outer
space as well as under water.
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erties of materials; provides an overview of
major processes such as machining, casting,
forging, and welding; discusses assembly tech-
nologies; investigates relative process econom-
ics; and looks at design in terms of ease of
manufacture and assembly. The introduction
to electronic packaging, which is offered by
the Department of Materials Science and En-
gineering, covers packaging technology from
chip to board, including the materials (metals,
ceramics, and polymers), the design, the pro-
cesses, and the principles involved.

A second core course is Manufacturing
Systems and Logistics. Offered by the School
of Operations Research and Industrial Engi-
neering, this course focuses on the analysis and
design of effective manufacturing and distri-
bution systems, and studies the interactions
between discrete processing, transport, and
storage modules. It includes analytical tech-
niques, such as stochastic models and math-
ematical programming, as well as the uses of
computer simulation.

A third core course is Economics of Manu-
facturing, offered by the Johnson Graduate
School of Management. This covers funda-
mental techniques for the economic evalua-
tion of manufacturing alternatives, such as full
life-cycle costs, net present value, and risk
analysis. It also covers cost accounting as a basis
for assessing performance and allocating re-
sources to products and projects, introduces
activity-based costing, and evaluates the cost
implications of maintaining quality.

The fourth course in the manufacturing
core is Organizational Implications of World
Class Manufacturing. This course, which is
offered by the New York State School of In-
dustrial and Labor Relations, may be unique
to Cornell among professional Master of En-
gineering programs. It focuses on the relation-
ships between individuals with regard to job
attitudes and communication; group dynam-
ics and politics; leadership, authority, and bu-
reaucracy; and organizational structures, cul-
tures, and strategies. Case studies involve the
introduction of just-in-time warehousing,
manufacturing cells and teams, total quality
management, concurrent engineering, and ties
between manufacturers and suppliers.

Students also participate in group design
projects centered on major manufactured

products. They consider both the product and
the system for its manufacture. They take into
account the market for the product as well as
its design, economics, financing, quality, life-
cycle costs, distribution, and marketing. Since
real manufacturing problems rarely fall into a
single disciplinary area, all of the groups in-
clude students from at least three majors—such
as mechanical, electrical, and industrial engi-
neering. Thus, the students gain experience
in solving problems as members of a coopera-
tive, cross-disciplinary group.

The projects continue throughout the year,
but make special use of the January interces-
sion, when no regular classes are scheduled.
The groups are supervised by faculty mem-
bers and interact with representatives from
industry who have volunteered to participate.
This year's projects involve three local com-
panies (Therm, Kolar Machine, and Emerson
Power Transmission), two out-of-town com-
panies (IBM and General Foods), and two on-
campus initiatives aimed at the design of in-
novative semiconductor-related products and
manufacturing equipment.

The final piece of the curriculum is the
Manufacturing Seminar, which brings in a
speaker from industry each week to explain
how things are done in the "real world." This
provides a salutary leavening for course-based
learning, and keeps everyone—students and
professors alike—in touch with current trends.

On graduating, students receive degrees
that designate their technical fields, such as
M.Eng.(Electrical) or M.Eng.(Mechanical),
and certification attesting to their specializa-
tion in the Manufacturing Option.

The Best Response to the Needs
of the Manufacturing Industry

The Manufacturing Option was conceived
and organized by the Cornell Manufactur-
ing Engineering and Productivity Program
(COMEPP), with support from its external
Policy Advisory Board, which includes repre-
sentatives from various kinds of industry. It is
coordinated by COMEPP, which works co-
operatively with the participating fields and
the Master of Engineering program.

COMEPP was founded in 1982 to provide
a focus for research and education in manu-
facturing, design, and production manage-
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ment. It is a cross-disciplinary program that
interacts with many other entities, both in-
side and outside of Cornell, to foster manu-
facturing research, education, and industrial
collaboration.

Under the dynamic leadership of John
Muckstadt, COMEPP's first director, several
major corporations agreed to help sponsor the
initiative, and industrial support rapidly grew
to $600,000 per year. Enthusiasm ran high,
and there was an optimistic belief that tech-
niques of systems analysis and research being
developed at the university could make a ma-
jor difference in the productivity and competi-
tiveness of participating companies in the short
term. It soon became clear, however, that there
were no "silver bullets" that could magically
solve all of a company's problems.

In October 1990, a special two-day meet-
ing was held to reexamine COMEPP's mis-
sion. It was attended by COMEPP's director,
Herbert B. Voelcker, Deans William B. Streett
of the College of Engineering and Alan G.
Merten of the Johnson Graduate School of
Management, members of COMEPP's Policy
Advisory Board, other special guests from in-
dustry, and faculty members representing
many schools and departments. The consen-
sus was that successful manufacturing in the
evolving context of the international market-
place depends on numerous technical and cul-
tural changes, as well as changes in product
planning, product realization, and manufac-
turing. The best way to bring about these
sweeping changes is with the help of engineers
who have been educated to take the broadest
possible view of the manufacturing process.

Accordingly, COMEPP designed the new
Manufacturing Option, which initially became
available through Master of Engineering pro-
grams in Civil and Environmental Engineer-
ing, Electrical Engineering, Mechanical En-
gineering, and Operations Research and
Industrial Engineering. It is expected that yet
other M.Eng. programs will offer the Manu-
facturing Option in the near future

The new program was not publicized until
May 1991. By that time of year, most people
who wanted to be graduate students in the fall
had already committed themselves to the pro-
grams of their choice, so no one expected more
than ten or fifteen applicants. Surprisingly,

however, thirty-five signed up—nineteen who
had already been students at Cornell, thirteen
from other colleges, and three who were
already working in industry. This response sug-
gests that there is a real market for the kind of
broad engineering training that the option was
created to provide. If the initiative fulfills its
early promise, the manufacturing industry will
increasingly look to Cornell's Master of Engi-
neering Program and its Manufacturing Op-
tion for the kind of savvy engineers who can
make things happen in today's increasingly
international and highly competitive economy.

Albert R. George is a professor in the Sibley
School of Mechanical and Aerospace Engineering
and director of the Cornell Manufacturing
Engineering and Productivity Program
(COMEPP), He received his Ph.D. in 1964

from Princeton University and joined the
Cornell faculty in 1965. His research interests
concern the aerodynamics of both aircraft and
ground vehicles, especially the aeroacoustic
mechanisms that result in noise. During
sabbatical leaves, he has been a visiting senior
fellow at the University of Southampton,
England (1971-72); a section head at BMW,
in Munich, Germany (1987-88); and a senior
research associate at NASA *s Ames Research
Center in California (1988). He served as
director of the Sibley School from 1977
through 1987.
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M.Eng. students in the Manufacturing
Option discuss the operation of a computer-
controlled dual-wheel grinder with Don
White (second from left), an employee of
Therm, Inc. The Manufacturing Option
encourages cross-disciplinary projects that
involve local manufacturers. During the
current academic year, ten students are
working with Therm, Inc., an Ithaca firm
that makes turbine blades and vanes for

aerospace, marine, and industrial
applications. The student projects seek to
improve creep-feed grinding, machine
setup, and work-in-process inventory.
Students pictured are (from left) jawad
Shaikh (mechanical engineering), and
Marius Ghercioiu and Eric Hannay
(operations research and industrial
engineering).
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Tom Son, a student in
mechanical engineering, works

on a hopping robot in Professor
Jeff Koechling's laboratory. The

robot, which will run forward
and backward by hopping up
and down, was developed in
order to study the control of

freely falling bodies that inter-
mittently contact a passive

environment. In running, the
robot must reposition itself

during each hop to modulate its
interaction with the ground. A

better understanding of running,
and the transition between

walking and running, could lead
to a legged vehicle capable of

walking slowly over rough
terrain and running quickly

over smooth surfaces. Soh, who
is a senior, has been accepted

into the Master of Engineering
program and may continue

working on the hopping robot
for his design project.
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THE M.ENG. INTERNSHIP
A Win/Win Option

F rom a corporate perspective,
Cornell's Master of Engineering
program provides a near-optimum

combination of undergraduate and gradu-
ate curricula designed to produce literate,
articulate, and technically competent pro-
fessionals. By not putting pressure on the
undergraduate curriculum to increase its
technical concentration, the Cornell pro-
gram offers students the opportunity to
achieve the broad-based education necessary
to meet the diverse demands facing engi-
neers. This approach seems especially
appropriate in the complex culture of today's
global community.

Cornell's long-standing commitment to the
liberal enrichment of an engineering educa-
tion is exemplified by its pioneering five-year
undergraduate program in the 1940s and '50s.
The five-year program was later replaced by
the more flexible option of a four-year Bach-
elor of Science undergraduate degree that
could be followed by a one-year Master of En-
gineering program for a professional degree.

Other undergraduate programs in engi-
neering have often concentrated too strongly
on applied technical subjects; for example, their
curriculum may include three sequential
courses in a single applied area. In contrast,
Cornell undergraduate engineering has been
characterized over the years by graduates who
are well-grounded in liberal arts as well as
science and mathematics.

During the thirteen years I worked at
Schlumberger Well Services, the company had
a close association with many Cornell faculty
members. Similar relationships were estab-
lished with M.I.T., University of Illinois, Ber-
keley, and Stanford. All of these institutions
have outstanding faculties, but we found that
Cornell's Master of Engineering program pro-
duces graduates of greater breadth without sac-
rificing technical competence.

The company with which I was affiliated

by J. L. Clifford Wagoner '62

has been involved with the recruiting of gradu-
ate students for all of its history. Most univer-
sity work-study programs feature three-month
employment periods. Almost all the company's
technical leaders feel that appointments this
short serve mostly to benefit the students. The
work period does not allow time for students
to become knowledgeable enough about the
company and the project to make a real con-
tribution. The only benefit to the corporation
is in identifying outstanding students for pos-
sible future employment.

The Cornell Master of Engineering intern-
ship, announced in 1985, includes twelve
months of continuous employment. This in-
novation appeared to have significant advan-
tages for the corporation, and management
enthusiastically joined the program. The first
year the company interviewed many outstand-
ing seniors, and selected seven of them for
internships. Over the subsequent years, a to-
tal of seventeen students have interned at the
Houston office, and the program continues.

Advantages of the Internship
to the Company
With the twelve-month internship, both the
company and the student "win." The com-
pany wins by gaining the same contribution
normally expected from a first-year M.S.
graduate at an equivalent cost, but with some
important advantages. Because the employees
are students in absentia, the company pays
Cornell directly, without the additional ex-
pense of paying for fringe benefits. The total
cost of an internship, including two semesters
on campus and one year at the work site, is
about $45,000. Since an M.S. graduate would
normally receive a salary of at least $35,000
per year plus 40 percent benefits, the net cost
to the company is about the same. But the ad-
vantages of taking on an M.Eng. intern over
hiring an M.S. graduate include opportu-
nities for: (1) a complete evaluation of the
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Research student Greg Miller (left) and
Professor Charles Williamson set up the
second of two new wind tunnels, which are
used to study laminar-turbulent transition in
the wakes of bodies. In addition to these
facilities, which are available to both

M.Eng. and Ph.D. students in aerospace
engineering, a novel computer-controlled
x-y towing tank used for visualizing the
wakes of bodies in unsteady motion has
recently been installed in Williamson's
Water Facilities Laboratory.
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student prior to employment, and (2) the en-
hancement of the corporate relationship with
Cornell. A more subtle but sometimes impor-
tant advantage is that students are not in-
cluded in the total head count of full-time
employees, which is often used to manage
budgets in engineering departments.

Advantages of the Internship
to Engineering Students
Students win by having their living expenses,
tuition, and fees paid, and by having an oppor-
tunity to evaluate their field and the employer
in depth. Student employees get hands-on ex-
perience with real engineering projects. In our
case, several interns were assigned to projects
relating to physical instrumentation for use in
the oil fields: a listener/talker integrated cir-
cuit for digital communications for all instru-
ments, bore-hole compensation software for
a dual-induction tool, field analysis and re-
design of antennas on an electromagnetic
propagation tool, identification of a peak in a
gamma ray spectroscopy tool as an iodine con-
tribution, mapping of fields from a neutron
generator in a thermal decay tool, and analog-
to-digital integrated-circuit converters.

As a result of their internships, all seven-
teen students desired permanent employment
with the company. Unfortunately the oil in-
dustry was severely depressed at that time, and
it was not possible to offer positions to all of
them. Even under these circumstances, the
value of the program both to them and to us
was very high.

Structuring a Successful
Internship Program
There are many ways to structure a successful
internship. The approach we used is outlined
here as an example.

The first and key step is to find a line man-
ager in one of the technical departments who
is a Cornell engineering or science graduate.
This person must believe that the company's
mission is fundamentally dependent on the ex-
cellence of its employees and that Cornell
graduates are among the very best potential
employees. An enthusiastic and effective leader
is critical to the success of the program.

Once a program leader is identified, that
person gains informal approval of the program

from company peers. Then it is necessary to
seek approval from the manager of the tech-
nical center to hire interns. Persuasive ad-
vantages of the program include employee
selection, full twelve-month productivity,
cost effectiveness, and enhanced university
relations.

Once approval is obtained, our approach
calls for the following agenda:

Visit Cornell. During this visit, company
representatives meet with key faculty mem-
bers and administrators of the Master of En-
gineering program. The purpose of the initial
meeting is to introduce the company, its tech-
nical interests, and its intention to offer an in-
ternship. Subsequent meetings are useful in
identifying outstanding members of the
senior class for interviews.

In arranging campus visits, company man-
agers take advantage of university assistance
to plan open houses and receptions in the en-
gineering departments. University personnel,
including student organizations, are very help-
ful. For example, Associate Dean K. Bingham
Cady organized a reception for the company
in the main atrium of Snee Hall with one hun-
dred guests. The company makes routine cam-
pus visits and offers internships each year to
increase mutual contacts and to maintain its
reputation among the students.

Schedule interviews and select candidates. Our
company conducts interviews early in the year
before seniors choose between the M.Eng.
program and a job. Internships often make
the difference in a student's ability to pursue a
professional degree.

We bring successful first-round candidates
to the company for uniform interviews, all
conducted on the same day. Interviewers
evaluate these candidates at the end of that
day while the discussions are fresh in their
minds.

After successful candidates have been cho-
sen, company employees meet to design a job
or jobs to propose to each candidate. Offers
are made immediately.

Provide mentors. When students accept the
offer, we match each intern with a company
"mentor." This mentor, responsible for the
intern throughout the entire twenty-one-
month period, contacts the student immedi-
ately to discuss the proposed job and to sug-
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A team of Master of Engineering
students specializing in

engineering management is
developing software for the
General Motors Powertrain

Division to use in planning its
manufacturing capacity. The
students recently toured the

Tonawanda Engine Plant near
Buffalo, New York to learn more

about the operation of plants
where their software will be

used. Shown here are students
(from left) Donna Swenson,

John Yen, Hiroyuki Matsumura,
Adina Kessler, Masaki Takai,

Charles Huang, and Benson Yeh
watching GM's Mary Dool (far

right) inspect the installation of
crankshaft bearings in

V-6 engines.
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gest relevant course work. All of the above ac-
tivity is completed by March or April, before
registration for the fall term.

Toward the end of the fall semester, the
mentor contacts the intern for pre-orientation.
Once the intern arrives at the work site, the
mentor explains initial training procedures and
launches the project.

Offer ongoing review and support. The pro-
gram leader, mentors, and interns meet once
a month at lunch. Also invited are the man-
ager of the technical center, the human re-
sources manager, and the college programs co-
ordinator. At these luncheons, interns make
presentations on their projects. There is also
a roundtable discussion on other projects
and on matters of concern and interest to
the interns. Interns also make formal reports
to both their employers and their Cornell
advisers at the end of each project and at
the end of the twelve-month work period.

Evaluate perfoimance and offer permanent po-
sitions as appropriate. A detailed evaluation of
the intern is made by the mentor and knowl-
edgeable company managers. If the evaluation
is positive, and business conditions permit, a
job offer is made as soon as possible. Both the
company and the student realize maximum
benefits if the intern continues in the same
project area after graduation. At that time, the
student will have been away from the job for
only one semester.

Working Together
to Achieve Excellence
It is of vital importance to the United States
for industries, universities, and students to
work together to achieve excellence in science
and engineering. The Master of Engineering
internship option, linking academia and indus-
try, offers a real opportunity to do so. Practi-
tioners fulfill an adjunct professor's role in the
educational process and faculty members dis-
cover new insights for practice-oriented
research, while students fine-tune their
technical specializations with on-the-job
experience. In the corporate view, Cornell's
internship option is the capstone of an out-
standing curriculum that is unparalleled in
preparing engineering students to meet the
challenges ahead.

J. L. Clifford Wagoner, director of contract
business at Kewaunee Scientific Corporation in
Statesville, North Carolina, received the
Bachelor of Electrical Engineering degree from
Cornell in 1962. The five-year engineering
curriculum then in effect was much like a
combined B.S./M.Eng. program, and graduates
have subsequently received Certificates of
Advanced Engineering Study in recognition of
this fact. Wagoner also holds an M.S. in
engineering management from Northeastern
University.

Following his graduation from Cornell,
Wagoner spent three years as a project engineer
in the Air Force. He then joined BIW Cable
Systems in Boston, Massachusetts, and rose to
the position of vice-president of manufacturing.

His career with Schlumberger began in 1977
at the company's Vector Cable Division. He
transfen'ed to Schlumberger Well Services in
1982 where he became the manager of the
Engineering Technology Department. He has
worked with Kewaunee Scientific since February
1991.

Wagoner is a registered professional engineer
in the state of Texas and a senior member of the
Institute of Electrical and Electronics Engineers.
He holds a patent for optical-fiber cable
construction and is listed in Who's Who in
Finance and Industry.

"In the corporate

view, Cornell's

internship option is

the capstone of an

outstanding

curriculum "
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Jim Upright a Master of
Engineering student in the
Department of Geological

Sciences, is using gravity and
seismic techniques to search for

buried gorges in the Ithaca area.
Gorges like those that now cut

through the Cornell campus
were present in other places

before the last ice age, but they
were filled with the debris that

was bulldozed south by the
glaciers. The location of these

buried gorges is of interest
because they may affect drainage

patterns in agricultural fields.
Upright sends seismic waves into

the ground by striking a metal
plate (near his left foot) with a
sledge hammer. The returning
waves, which are picked up by

the seismic recorder, can be
analyzed to reveal the

boundaries of a buried gorge.
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THE ENGINEERING MASTER'S DEGREE
Achieving Educational Objectives

O ver the past twenty-five years, ed-
ucation leading to the master's de-
gree has undergone a remarkable

transformation. More than 300,000 master's
degrees are granted every year, constituting
one-fourth of all the higher degrees awarded
in the United States. This surge of growth has
come about because, to an increasing extent,
the master's degree is recognized as the best
port of entry and the best route to advance-
ment in professional practice. These are
among the findings of a recent national study
of master's education carried out under the
auspices of the Council of Graduate Schools.

Much of the attention given to graduate
study in engineering has focused on doctoral
research, with the master's degree viewed as
merely a steppingstone on the path to the
Ph.D. Between 1957 and 1970 the annual crop
of engineering doctorates grew from 600 to
3,600—a compound annual growth rate of 15
percent—and in the academic year 1989-90
the number reached 5,424. This emphasis on
research is largely patterned after the physical
sciences, where the traditional goal has been
scholarly research leading to the Ph.D. degree.

But a career in engineering is different from
a career in the sciences, and a master's degree
in engineering should be more than a vestigial
appendage to the Ph.D. Nearly 85 percent of
the master's degrees granted today are in pro-
fessional fields, with 70 percent in education,
business, health sciences, public affairs—and
engineering. The time has come to strengthen
the master's degree as an educational base for
the engineering profession.

A program designed to achieve this goal
must meet three objectives:

• It must increase technical competence;
• It must involve students in the process

of professionalization through practice-re-
lated experience; and

• It must prepare engineers for lifelong
learning in support of careers with evolving
objectives.

by Edmund T. Cranch

Technological Change
and Technical Competence
Dominant features of today's society are its
technological character and the accelerating
pace of technological change. As the indus-
trial revolution pushes wider and deeper into
almost all realms of human activity, it is bring-
ing about a marked change in the work force,
with a growing number of functions requir-
ing a substantial level of skill and sophistica-
tion. To an increasing extent, engineering
problems are approached by a synthesis of
existing knowledge and computer simulation.
Engineers and applied scientists have made
great advances in the characterization of ma-
terials and processes, in more powerful and
sensitive instrumentation, in new conceptual
and analytical techniques, and especially in new
methods of processing, utilizing, and evaluat-
ing information. The power of the computer
to simulate and manage these highly complex
processes and systems gives engineering its
great practical impact.

These changes mean increased educational
requirements in all fields of engineering. The
list of "unmet needs" includes not only greater
depth of specialization, but also

• increased design, manufacturing, and
processing content;

• greater involvement in hands-on labora-
tory and project work to stimulate creativity
and inventiveness;

• development of managerial skills, with
attention to economics and finance, leadership
and human resources, and training in team par-
ticipation; and the unending call for

• enhanced content in the humanities, so-
cial sciences, and languages to enable engineers
to function in a global context.

The volume of material that must be taught
is so great that it simply cannot be accommo-
dated within the traditional four-year under-
graduate curriculum. Additional education
at the master's level is essential.

".. . the master's

degree is recognized

as the best port of

entry and the

best route to

advancement in

professional

practice."
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Professor Wolfgang Sachse (left) and
Richard A. Baker, a Master of Engineering
student in the Department of Theoretical
and Applied Mechanics, adjust a loading
frame used to test composite specimens
that contain just one reinforcing fiber. As a
load is applied, the fiber becomes

fragmented along its length. This process
can be monitored by the acoustic signals
that are emitted, and the strength of the
bond between the fiber and the matrix can
be measured. For his M.Eng. project, Baker
designed and built a PC-based system that
makes such measurements.
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Practical Preparation
for Professional Practice
A second objective of graduate study for engi-
neering practice is the incorporation of programs
that expose students to the practical realities of
the work they will do after graduation. An aca-
demic program that presents material from only
a theoretical point of view does not fully prepare
students for the professional world. Amaster's pro-
gram needs to expedite the transition from stu-
dent to practicing engineer, making professional-
ization a gradual process rather than an abrupt
change of course. In all the fields investigated in
the Council of Graduate Schools' study, the in-
corporation of experience that aids in professional
development appears as an important factor mo-
tivating students to earn master's degrees.

A recent report published by the American
Society for Engineering Education also stressed
the place of preparation for professional practice
in engineering master's programs. The report, "A
National Action Agenda for Engineering Edu-
cation," urges the establishment of advanced de-
gree programs focused on engineering practice
in a variety of technological specialties. Accord-
ing to the report, "The majority of baccalaureate
students who wish to pursue careers in engineer-
ing practice should be encouraged to complete
such programs on a full-time basis as the appro-
priate route to a working depth of knowledge and
skill."

Preparation for a Career
with Evolving Goals
As engineering graduates progress in their careers,
they need to stay abreast of advances in technol-
ogy. Professional obsolescence occurs when the
time constants of technological change are sub-
stantially less than the time constants of a profes-
sional career and the associated process of educa-
tion. As the baby-boom generation grows older,
the proportion of technically trained people in
the work force who are over the age of forty is
increasing. Since the technical and economic
progress of society is in large part dependent on
the productivity this group, we must learn more
about the relationships among aging, obsoles-
cence, workplace performance, and education.

While continuing education attempts to keep
engineers abreast of technical developments, little
research has sought to determine how the funda-
mental educational parameters of normal aca-

demic degree programs affect the length of pro-
fessional productivity. One of the most revealing
studies, carried out at Harvard Business School,
was done over twenty years ago.* Data were ob-
tained on the performance of 2,500 technically
trained people of different ages, including both
formal evaluation ratings by managers and the
engineers' own assessment of how their perfor-
mance changed as they got older.

A significant finding of this study was that
people who completed graduate degrees were
rated appreciably higher than those without
graduate degrees. But the performance ratings
of engineers with master's degrees held up ten
to fifteen years longer than those of engineers
with bachelor's degrees only. This finding sug-
gests that engineering education should give
much more attention to the master's degree
and how it can contribute to extending the pro-
ductive careers of engineering practitioners.

It is important to recognize that profes-
sional goals change during the course of an
engineer's career. As engineers get older,
many assume management responsibilities
or enter a more multidisciplinary environ-
ment. And technological change often
occurs at the interface between disciplines,
so that interdisciplinary or multidisciplinary
collaboration is the key to avoiding profes-
sional obsolescence.

From a curricular perspective, multidisci-
plinary work requires a knowledge base and
maturity that is almost impossible to create at
the bachelor's level. But master's degree pro-
grams provide an opportunity to incorporate
this dimension in the curriculum, in the form
of major-minor combinations such as engi-
neering and management, engineering and
waste disposal, engineering and biotechnology,
engineering and materials, and many other
possibilities. One way to further strengthen
such combinations is through a well-planned
articulation between bachelor's and master's
degree programs. Flexibility is crucial, and
several approaches to multidisciplinary career
objectives have been developed.

* Dalton, G. W., and P. H. Thompson.
1971. Accelerating obsolescence of older
engineers. Harvard Business Review,
September-October, 1971, pp. 57-67.
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"The time will come

... when Cornell

awards at least as

many engineering

masters degrees as

bachelors degrees."

Attributes of Effective
Master's Programs
The study recently conducted under the
auspices of the Council of Graduate Schools
analyzed master's degree programs in eleven
fields, including electrical engineering. In
all fields, from the performing arts to nurs-
ing, effective programs were characterized
by eight attributes.

• Explicit administrative support for the
master's program helps overcome years of
neglect during which the B.S. and Ph.D.
were more favored degrees.

• A good balance of theory and practice
holds in check the academic bias in favor of
pure theory.

• Students are given an opportunity to
see how professionals work, through an
internship, apprenticeship, or similar im-
mersion experience.

• A project, thesis, or other tangible
product provides an opportunity for stu-
dents to experience practice-related com-
petence.

• Exposure to practicing professionals or
faculty members who possess current know-
how boosts motivation.

• The programs benefit from energetic
departmental leadership and active support
of tenured professors.

• The learning environment allows stu-
dents to interact with one another intellec-
tually and present their work before peers.

• Applicants have the talent, time, and
motivation to participate in a vigorous, pro-
fessional degree program.

In Cornell's long and pioneering experi-
ence with the engineering master's degree,
all of these attributes have been incorpo-
rated into the program. Cornell is fortunate
to possess the learning environment, pro-
gram structure, faculty, and student re-
sources to play a national role in the further
development of professional master's edu-
cation. In so doing, Cornell will meet the
future needs of its students and give them
the educational preparation for professional
leadership. The time will come, I am sure,
when Cornell awards at least as many engi-
neering master's degrees as bachelor's
degrees.

Edmund T. Cranch was a student (B.M.E.
1945, Ph.D. 1951), a faculty member in
theoretical and applied mechanics (1951-78), a
departmental chair (1956-68), an associate
dean (1967-72), and dean (1972-78) at the
College of Engineering. In 1978 he became
president of the Worcester Polytechnic Institute,
and between 1985 and 1987 he was president of
the Wang Institute of Graduate Studies. He is
now Granite State Distinguished Professor at
the University of New Hampshire.

In addition to his academic duties, Cranch
has been active as a consultant to industry and as
a member of various industrial and educational
organizations. He is a fellow of the American
Society of Mechanical Engineers and a past
president of the American Society for Engi-
neering Education.

In recent years Cranch has become increas-
ingly concerned with educational policy. He was
a member of the American Society for Engineer-
ing Education ys Task Force on a National Action
Agenda for Engineering Education, and he
served as chair of the National Research
CounciVs Panel on Engineering Undergraduate
Education. He was a member of the National
Advisory Board for the study mentioned in this
article, which was directed by Clifton F. Conrad
of the University ofWisconson. A book-length
report of this study will be published shortly by
The Johns Hopkins University Press.
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Master of Engineering students in structural
engineering, geotechnical engineering, and
engineering management participate in a
group project involving the planning and
design of a large building. Practicing engi-
neers who serve as consultants provide
basic information on a building that is cur-
rently under development, and the students

work out their own structural design,
including cost estimates and construction
plans. Here, Professor Gregory Deierlein
examines a model showing the students7

solution to an actual project designed by
Skidmore, Owings & Merrill. Pictured with
Deierlein are Douglas Kirkpatrick (left),
Rebecca Frein, and Peter Gant (right).
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R E G I S T E R

Gladys McConkey Retires

Gladys McConkey, who is
responsible for making the
Quarterly one of the finest
magazines of its kind, retired
on August 31, 1991. She
began working on the Quar-
terly in 1970, when it was still
in its infancy, and she orga-
nized, edited, and designed
each issue with motherly
devotion. Once the magazine
attained a certain degree of
maturity, after twenty-one
years of careful guidance, she
stepped away and gave it a
chance to go forward on its
own.

She began her journalistic
career as Gladys Voorhees,
with the editorship of her
high school newspaper in
Cleveland, Ohio. After
graduating, she attended
Western Reserve University,
where she majored in chemis-
try and became editor of the
college newspaper. Her pre-
decessor as editor was James
McConkey, whom she mar-
ried shortly before he went
off to Europe as a soldier in
the Second World War.
While awaiting his return,
she began graduate study in
chemistry and worked in the
research laboratory of Stan-
dard Oil Company of Ohio.

After the war, the couple
went to the University of
Iowa, where James
McConkey embarked on a
doctoral program in English.
Gladys McConkey had a
research assistantship in bio-
chemistry and worked in the

Gladys McConkey with
Donald Berth in 1971, shortly
after she began working on
the Quarterly.

university hospital's patho-
logical chemistry laboratory.
She earned a master's degree,
but progress toward a doctor-
ate was interrupted when the
family, which now included a
son, moved to Morehead
State College in the hills of
eastern Kentucky.

At Morehead, Gladys
McConkey taught a class in
journalism, acted as adviser to
the student newspaper, and
ran a one-woman public-
relations office for the col-
lege. She also helped her
husband publish two anthol-
ogies of Kentucky writing,
which were produced with
such limited resources that
the pages had to be collated
by hand around the dining-
room table.

In 1956 James McConkey
was offered a position in the
English department at
Cornell, and the family (now
with two sons) moved to
Ithaca. Gladys McConkey

began her Cornell employ-
ment with six years as a part-
time research assistant in the
chemistry department, in the
laboratory of Nobel Laureate
Peter J. W. Debye. (The third
McConkey son was born
during those years.) Subse-
quently, she spent six years
with biochemistry professor
George P. Hess, mostly work-
ing on research publications.

During her years with
Debye, McConkey and
colleague Alfred Prock
spent extra hours working
on a book, Topics in Chemical
Physics, based on a series of
lectures Debye had given at
Harvard University. Since he
had not done the actual writ-
ing, Debye insisted that
Prock and McConkey be
listed as the book's authors. It
was published by Elsevier and
later translated into Japanese.
Despite the great volume of
writing and editing that
Gladys McConkey has done

over the course of her career,
this is the only book that
bears her name.

In August 1970, she was
hired by Donald Berth as
associate editor of the fledg-
ling Engineering: Cornell
Quarterly, which he had
founded four years earlier. By
the winter of 1972, Berth had
moved on and McConkey
replaced him as editor.
Throughout her tenure, she
produced the Quarterly
almost single-handedly. In
addition, she compiled Cornell
Annotation, a bimonthly
newsletter of research
abstracts, from October 1970
until the series ended in
March 1986. From that time
onward, she produced the
college newspaper, Cornell
Engineering News. She also
designed and edited bro-
chures, announcements,
books, newsletters, fliers, and
posters. Over the years, as the
work load increased, addi-
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tional staff was gradually
added in the publications
office, but McConkey contin-
ued to craft each issue of the
Quarterly herself.

In each of her previous
jobs, McConkey says, she
learned something that was
helpful in her work on the
Quarterly. From her news-
paper experience she learned
how to write a good lead—an
opening paragraph that will
get the reader's attention. In
her various laboratory jobs,
she learned about the day-to-
day realities of research, and
the importance of under-
standing things in their con-
text. (One of her first assign-
ments at Standard Oil, for
example, involved analyzing
the deposits that build up on
pistons—although when she
started out she had little idea
what pistons do.) From
Debye she acquired the con-
viction that there is always
some way to make difficult
material understandable. She
remembers Debye discourag-
ing excessive reliance on
mathematical formulas and
telling students, "If you can't
say it in words, you don't
really understand it." From
Hess she learned the trick of
writing an article back-
wards—first the conclusion,
then the data, then the meth-
ods, then the introduction,
and finally the abstract.

As an editor, McConkey
imposed uncompromisingly
high standards on the Quar-
terly. She insisted on correct
grammar and punctuation,
and was no less concerned
about substantive accuracy.
But her most important con-
tribution was more profound.
She had a vision of what the

Quarterly should be, and
made it what it is. She devel-
oped a view of the readership
as consisting of "technically
trained nonspecialists," and
she tried to pitch the articles
so that a chemical engineer
could understand a story
about celestial mechanics, or
a civil engineer could under-
stand recent advances in
microcircuitry. She also de-
veloped a sense of what to
feature in the magazine. Each
issue focuses on a particular
subject, involving either
research or educational pro-
grams, and she worried, when
she first became editor, that
she would not be able to
come up with appropriate
topics. But that never became
a problem.

I
Spontaneously tactful and

diplomatic, McConkey
earned the respect and confi-
dence of faculty authors
throughout the College of
Engineering. While profes-
sors are often enthusiastic
about their research, they
seldom know how to convey
their excitement. McConkey
was able to draw them out,
looking for the significance of
the most abstruse research,
and placing it in context. She
knew how to identify what
authors really want to com-
municate, and helped them
get their point across. She
tried to keep the flavor of an
author's individual style, and
she made doubly sure that her
editing was acceptable before
an article was published.

Gladys McConkey at a
reception marking her
retirement, which was held
at the A. D. White House on
August 29, 1991. She is
talking to Professor Emeritus
Paul Hartman, one of more
than a hundred faculty and
staff members who honored
her with their presence.

During McConkey's ten-
ure as editor, the Quarterly
won many awards. It won
Graphic Arts Awards from
the Printing Industries of
America in 1972 and 1974,
and numerous citations,
special merit awards, and
exceptional achievement
awards from the Council for
Advancement and Support of
Education. Among these are
awards for Magazine Publish-
ing Program of the Year
(1976), Top Ten Magazine
Awards (1973, 1981), a Spe-
cial Issue Award (1982), and a
Best Articles of the Year
Award (1983).

Over the years, Gladys
McConkey gave the Quarterly
its character and made its
reputation. Under her guid-
ance, it became a record of
engineering research and
education. She gave the world
a portrait of Cornell's College
of Engineering, but she
placed it firmly in the broader
context of twentieth-century
technology. She established a
model of excellence in techni-
cal writing for others to fol-
low, and she built up a fund of
good will among the faculty
that will continue to pay
dividends in the future.
—DP
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On December 12, 1991, the
Board of Trustees approved the
election of five faculty members
to endowed chairs in the College
of Engineering.

• David GrieSy in the
Department of Computer
Science, was elected the first
William L. Lewis Professor
of Engineering. Gries is
known internationally for his
work on programming meth-
odology and compiler con-
struction. His current
research deals with several
aspects of programming,
including extending current
methodologies to larger
programs and specifying
concurrency problems in
distributed programs.

Gries holds a bachelor's
degree from Queens College,
a master's degree from the
University of Illinois, and a
doctorate from the Munich
Institute of Technology.
Before joining the Cornell
faculty in 1969, he spent
three years as an assistant
professor of computer science
at Stanford University. He
was a visiting professor at the
Munich Technical University
in 1975-76, and he spent his
1983-84 sabbatical leave as a

Guggenheim fellow at the
University of Oxford. In
1986 he received the pres-
tigious AFIPS Education
Award from the American
Federation of Information
Processing Societies.

William L. Lewis, ME '22,
had a long and successful
career with IBM and was a
tireless supporter of Cornell
University and the College of
Engineering. The professor-
ship that bears his name was
endowed through a trust
established in his will, which
also supports a number of
Master of Engineering
fellowships.

• David A. Hammer, a
member of the Program in
Nuclear Science and Engi-
neering, was elected the first
J. Carl ton Ward Professor of
Nuclear Energy Engineering.
Hammer's research focuses
on the physics, technology,
and application of extremely
high-power, short-pulse ion
beams and plasma-radiation
sources. As director of Cor-
nell's Laboratory of Plasma
Studies, he administers the
world's largest university-
based program in intense
charged-particle beams.

Gries

Hammer holds a
bachelor's degree from the
California Institute of Tech-
nology and a Ph.D. from
Cornell University. After
receiving his doctorate, he
worked for seven years as a
research physicist at the
United States Naval Research
Laboratory. He also taught at
the University of Maryland
and at the University of Cali-
fornia at Los Angeles before
joining the Cornell faculty in
1977. During the 1983-84
academic year, and again in
spring 1991, he was a visiting
senior fellow at Imperial
College, London, under the
sponsorship of the National
Science Foundation.

The Ward professorship
was endowed through a trust
established by J. Carlton
Ward, ME '14, a strong pro-
ponent of nuclear energy.
During a long career, Ward
held a number of important
industrial posts. He was presi-
dent of the Fairchild Engine
and Aircraft Company during
World War II, and he was
instrumental in the transfer to
Cornell of the Buffalo Aero-
nautical Laboratories. He was
a long-time member of the
Engineering College Advi-

Hammer

sory Council, and served as its
chair in the 1960s.

• Philip J, Holmes, in the
Department of Theoretical
and Applied Mechanics, was
elected the first Charles N.
Mellowes Professor of En-
gineering. Holmes, who is
also a member of the De-
partment of Mathematics, is
an expert in complicated
dynamical behaviors; his
research is aimed at improv-
ing basic understanding of
deterministic nonlinear
dynamical processes. In
1980 he spent six months as
a visiting scholar at the
University of California at
Berkeley, and in 1988-89 he
was a Sherman Fairchild
Distinguished Scholar at the
California Institute of Tech-
nology. He has served as
director of Cornell's Center
for Applied Mathematics.

Holmes received his
undergraduate education at
the University of Oxford and
earned the Ph.D. at South-
ampton where he held a
research assistantship, and
later a fellowship, at the Insti-
tute of Sound and Vibration
Research. He joined the
Cornell faculty in 1977.
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The Mellowes professor-
ship was created in 1991
through a gift from the
Mellowes family of Milwau-
kee, Wisconsin, on the occa-
sion of the 80th birthday of
Charles N. Mellowes. Three
generations of the Mellowes
family graduated from the
Cornell College of Engineer-
ing. Charles '33 and his father
Alfred '06 founded the Char-
ter Manufacturing Company,
a speciality steel concern, in
the 1930s. Charles's son John
'61 is currently president and
chief executive officer.

H Wolfgang Sachse, in the
Department of Theoretical
and Applied Mechanics, was
elected the first Meinig Fam-
ily Professor of Engineering.
Sachse's research focuses on
developing quantitative ultra-
sonic and acoustic-emission
techniques applicable to non-
destructive testing and mate-
rials characterization. He is
an author of more than 140

Holmes

publications and holds two U.S.
patents. An associate technical
editor of Materials Evaluation,
he serves on the advisory
board of Ultrasonics and has
organized several interna-
tional conferences. In 1989
he won the Dean's Prize for
Innovation in Teaching in
recognition of his introduc-
tory course, Sensors and
Actuators.

Sachse holds a bachelor's
degree from Pennsylvania
State University, and received
his master's degree and doc-
torate from The Johns Hop-
kins University. Before join-
ing the Cornell faculty in
1970, he was a Humboldt
fellow at the Institut fur allge-
meine Metallkunde und
Metallphysik in Aachen,
Germany.

The Meinig Family pro-
fessorship was established in
1991 through a gift from
Peter C. Meinig, ME '61, and
his wife Nancy Schlegel
Meinig, Human Ecology '62,

Sachse

of Tulsa, Oklahoma. The gift
was made on behalf of all the
members of the Meinig fam-
ily who have attended Cor-
nell. These include, in addi-
tion to Peter and Nancy, their
daughters Anne and Kathryn,
and Peter's father, Carl H.
Meinig, AB'31, EE '33.
Peter Meinig is chairman of
ElectroCom Automation,
Inc., which markets equip-
ment for information proces-
sing and materials handling.

• Michael Shuler, in the
School of Chemical Engi-
neering, was elected the
Samuel B. Eckert Professor
of Chemical Engineering.
Through his research, Shuler
seeks to gain a better under-
standing of how cells function
and to develop strategies for
the design and operation of
biologically based reactors.
His laboratory was the first to
apply engineering principles
to the production of chemi-
cals from plant-cell culture,
and his group developed a
new class of mathematical
models to describe cell
growth. In 1989, Shuler was
elected to the National
Academy of Engineering,
and in 1991 he received the
Professional Progress Award
from the American Institute
of Chemical Engineers.

Shuler, who holds a
bachelor's degree from the
University of Notre Dame
and a Ph.D. from the Uni-
versity of Minnesota, joined
the Cornell faculty in 1974.
He is a member of the
graduate fields in food sci-
ence and microbiology, as
well as chemical engi-
neering, and he has been
active in the development of

Shuler
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the Biotechnology Institute
and Biotechnology Center.

Samuel B. Eckert, ME '08,
spent most of his career with
Sun Oil Company, where he
became vice-president and
director of the Sun Ship-
building and Drydock Com-
pany. Prior to his death in
1973, he established a trust
that made possible the three
Eckert professorships in
engineering. The other
Samuel B. Eckert Professors
are Edward J. Kramer, in the
Department of Materials
Science and Engineering, and
Sidney Leibovich, in the
Sibley School of Mechanical
and Aerospace Engineering.

• Assistant Professor
Thomas A. Henzinger joined
the Department of Com-
puter Science in January.
Henzinger, whose research
interests include the logical
foundations of computer
science and their ramifica-
tions for language and sys-
tem design, is a diplomate
of Kepler University in
Linz, Austria, where he
graduated with honors, and
holds an M.S. degree from
the University of Delaware
and a Ph.D. from Stanford
University. He was a Ful-
bright Fellow (1985-86) and
an IBM Graduate Fellow
(1988-91). Henzinger re-
ceived the 1989 George E.
Forsythe Memorial Award
for Excellence in Student
Teaching at Stanford. He
has been a visiting scientist
at the Department of Ap-
plied Mathematics at the
Weizmann Institute of Sci-
ence in Rehovot, Israel, and
a postdoctoral visitor at
Fourier University in
Grenoble, France.

• Professor Lynn W.
Jelinski, joined the engi-
neering faculty as director
of the Biotechnology Pro-
gram in the fall of 1991.
Her research centers on the
application of nuclear mag-
netic resonance and mag-
netic-resonance imaging
techniques to problems in
biophysical and biomedical
engineering. Jelinski came
from AT&T Bell Laborato-
ries, which she joined in

Jelinski

1980, after holding postdoc-
toral and staff fellow posi-
tions at the National Insti-
tutes of Health. While at
AT&T, she headed the de-
partments of biophysics and
polymer science and per-
formed fundamental re-
search in both areas. She is
a Fellow of the American
Physical Society, a member
of the advisory board of
Chemical Abstracts Service,
and a member of the Mole-

Henzinger

cular and Cellular Biophysics
Study Section of the National
Institutes of Health. She is
past chair of the Experi-
mental NMR Conference, of
the advisory board of the
High Field NMR Facility at
M.I.T., and of the National
Academy of Sciences Collo-
quium on Industrial Ecology.
She holds a B.S. degree
from Duke University and a
Ph.D. from the University
of Hawaii.

• The Board of Governors
of the American Society of
Mechanical Engineers has
elected Professor Donald L.
Bartel, of the Sibley School
of Mechanical and Aero-
space Engineering, to the
grade of fellow. Bartel, who
holds a joint appointment as
a professor in Cornell's
College of Engineering and
as a senior scientist in the
Department of Biomechan-
ics of the Hospital for Spe-
cial Surgery in New York,
was cited for his accom-
plishments in education and
research.

• The Council of the
American Physical Society
has elected Professor
Stephen B. Pope, also of the
Sibley School of Mechani-
cal and Aerospace Engi-
neering, to fellowship in
the society. Pope was hon-
ored for "contributions of
archival value to proba-
bility-density-function
methods in turbulence
modeling, to understand-
ing of the geometry and
distortion of surfaces in
turbulent flows, and to
extraction of Lagrangian
statistics from direct numer-
ical simulations."
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FACULTY PUBLICATIONS

Current research activities at the
Cornell University College of
Engineering are represented by the
following publications and conference
papers that appeared or were
presented during the four-month
period June through September
1991. (Earlier entries omitted from
previous Quarterly listings are
included here with the year of
publication in parentheses.) The
names of Cornell personnel are in
italics.

AGRICULTURAL
AND BIOLOGICAL
ENGINEERING
BartschJ. A. 1991. Controlled
atmosphere storage systems for
fruits and vegetables. Paper read at
International Workshop on Role
of Food Engineering Research in
the Development of Indonesian
Food Industry, 2-6 September
1991, in Jakarta, Indonesia.

Campbell, J. K. 1991. Sorghum
syrup production in New York
State. Paper read at International
Summer Meeting, American
Society of Agricultural Engi-
neers, 23-26 June 1991, in Albu-
querque, NM.

Delwiche, S. R., R. E. Pitt, and K.
H. Norris. 1991. Examination of
starch-water and cellulose-water
interactions with near infrared
(NIR) diffuse reflectance spectro-
scopy. Storaf? 43:85-92.

Derksen, R. C, and D. Wasson.
1991. Calibration and application
accuracy of orchard sprayers.
Paper read at International Sum-
mer Meeting, American Society of
Agricultural Engineers, 23-26
June 1991, in Albuquerque, NM.

Derksen, R. C, Z. Sagi and J.
Sanderson. 1991. Greenhouse
liquid applicator performance
evaluations. Paper read at Interna-
tional Summer Meeting, American
Society of Agricultural Engineers,
23-26 June 1991, in Albuquerque,
NM.

Gao, Q., and R. E. Pitt. 1991.
Mechanics of parenchyma tissue
based on cell orientation and
microstructure. Transactions of the
ASAE 34:232-38.

Jewell, W.J., D. E. Fennel, Y M.
Nelson, S. E. Underbill, T. E. White,
a n d M 5. Wilson. 1991. Methano-
trophs and methanogens for pollution
control: PCE, TCE removal from
groundwater and macro nutrient
removals from wastewater. Report
no. GRI-91/0011. Chicago, IL:
Gas Research Institute.

Marsh, L S., and L. D. Albright.
1991. Economically optimum day
temperature for greenhouse
hydroponic lettuce. I. A computer
model. II. Results and simulations.
Transactions of the ASAE 34(2):550-
62.

Muck, R. E., R. E. Pitt, and R. Y
Leibensperger. 1991. A model of
aerobic fungal growth in silage. I.
Microbial characteristics. Grass and
Forage Science 46:283-99.

Parlange, J.-Y., R. Haverkamp, and
C. Fuentes. 1991. Discussion of
the first stage of drainage from
ponded soils with encapsulated air.
Soil Science 151:323-24.

Pitt, R. E, R. E. Muck, and N. B.
Pickering. 1991. A model of aero-
bic fungal growth in silage. II.
Aerobic stability. Grass and Forage
Science 46:301-12.

Rehkugler, G. E. 1991. A view of
biological and agricultural engi-
neering. Paper read at Annual
Conference, American Society
for Engineering Education, 16-
19 June 1991, in New Orleans,
LA.

Richards, B. K, R.J. Cummings, W
J.Jewell, and E G. Herndon. 1991.
High solids anaerobic methane
fermentation of sorghum and
cellulose. Biomass and Bioenergy
1(1): 47-53.

Sagi, Z , and R. Derksen. 1991.
Detecting spray droplets on leaves
with machine vision. Paper read at
International Summer Meeting,
American Society of Agricultural
Engineers, 23—26 June 1991, in
Albuquerque, NM.

Sagi, Z , andj. Throop. 1991.
Evaluation of computational
algorithms for measurements by
cluster segmentation. Paper read
at International Summer Meeting,
American Society of Agricultural
Engineers, 23—26 June 1991, in
Albuquerque, NM.

Sander, G. C , I. F. Cunning, W.
L. Hogarth, and J.-Y. Parlange.
1991. Exact solution for nonlinear,
nonhysteretic redistribution in
vertical soil of finite depth. Water
Resources Research 27:1529-36.

Seginer, I., G. Shina, L. D.
Albright, and L. S. Marsh. 1991.
Optimal temperature setpoints for
greenhouse lettuce. Journal of
Agricultural Engineering Research
49:209-26.

SelkerJ. S., J.-Y. Parlange, and T.
S. Steenhuis. 1991. Comments on
laboratory tests of a theory of
fingering during infiltration into
layered soils. Soil Science Society of
America Journal 55:896.

APPLIED
AND ENGINEERING
PHYSICS
Cool, T. A., and P. M. Goodwin.
1991. Observation of an electronic
state of C,H near 9 eV by reso-
nance ionization spectroscopy.
Journal of Chemical Physics
94(ll):6978-88.

Kwong, YK.,KLin,F.).
Hakonen, M. Isaacson, and J. M.
Parpia. 1991. Interfacial resistive
anomaly at a normal-supercon-
ducting boundary. Physical Review
£44(l):462-65.

Fernandez, A., H. D. Hallen, T.
Huang, R. A. Buhrman, andj .
Silcox. 1991. Elastic scattering in
ballistic-electron-emission-micros-
copy studies of the epitaxial NiSi,/
Si(l 11) interface. Physical Review B
44:3428-31.

Silcox, J. 1991. The Materials
Science Center: Cornell's premier
interdisciplinary laboratory. Cornell
Engineering Quarterly 26(l):2-5.

Williams, B. A., and T. A. Cool.
1991. Two-photon spectroscopy of
Rydberg states of jet-cooled Q H 4

and C2D4. Journal of Chemical
P^94(10)635866

Xu, P., P. Miller, a n d / Silcox. 1991.
The nucleation and epitaxial
growth of Au and Ag on thin
silicon studied with a scanning
transmission electron microscope.
In Evolution of thin-film and surface
microstructure, ed. C. V. Thomp-
son^. Y. Tsao, and D. J. Srolovitz,
pp. 19-24. Materials Research
Society Symposium Proceedings,
vol. 202. Pittsburgh, PA: MRS.

CHEMICAL
ENGINEERING
Aizpiri, A. G., A. Rey, J. Davila, R.
G. Rubio, J. A. Zollweg, and W. B.
Streett. 1991. An experimental and
theoretical study of the equation of
state of CHFjin the near critical
region. Journal of Physical Chemis-
try 95:3351-57.

Aid, R. W, and W.L. Olbricht.
1991. Coalescence of freely sus-
pended liquid drops in flow
through a small pore. Journal of
Colloid and Interface Science
145:478-92.

Balbuena, P., and K E. Gubbins.
1991. Classification of adsorption
behavior: Simple fluids in pores of
cylindrical and slit-shaped geo-
metry. Paper read at 1 lth Sympo-
sium on Thermophysical Proper-
ties, 23-27 June 1991, in Boulder,
CO.

Carpenter, J. K., E. C. Agger, and
P. H. Stem. 1991. Fluid mechanics
and heat-transfer of planar-flow
melt-spinning. In Proceedings, 5th
International Conference on Modeling
of Casting and Welding Processes, ed.,
M. Rappaz, M. Ozgu, and K.
Mahiu, pp. 621-27. Warrendale,
PA: The Metallurgical Society.

De Miguel, E., L. F. Rull, M. K.
Chalam, and K. E. Gubbins. 1991.
Location of the isotropic-nematic
transition in the Gay-Berne
model. Molecular Physics
72:593-605.

Duncan, T M., T. W. Root, and A.
M. Thayer. 1991. Studies of
dynamics at catalytic surfaces by
selective excitation of nuclear
magnetic resonances. Paper read at
4th Chemical Congress of North
America, 26-30 August 1991, in
New York, NY.

Guedes, H. J. R., J. A. Zollweg, and
W. B. Streett. 1991. Enthalpy of
mixing of liquid (carbon dioxide +
ethane) at the temperature 230.8
K and of liquid (carbon dioxide +
w-butane) at 221.4 K and 241.4 K.
Journal of Chemical Thermodynamics
23:239-45.

Hall, E.J., H.J. R. Guedes, and J.
A. Zollweg. 1991. Thermodynamics
of the liquid mixture carbon dioxide +
butane below 285 K. Report no.
GRI-91/0088, Chicago, IL: Gas
Research Institute.
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hackney, V K, R. M. Spanswick, T.
J. Hirasuna, and M. L. Shuler.
1991. Characterization of nitrate
and vanadate-sensitive ATPases in
the tonoplast of cultured grape
cells. Paper read at Annual Meet-
ing, American Society of Plant
Physiologists, 28 July-1 August
1991, in Albuquerque, NM.

Mohindra, S., and P. A. Clark.
1991. A distributed fault diagnosis
methodology using causal digraph
models of process behavior. Paper
read at 4th International Confer-
ence on Process Systems Engi-
neering, 5-9 August 1991, in
Montebello, Quebec.

Murgel, G. A., L W. Lion, C.
Acheson, M. L. Shuler, D. Emerson,
and W C. Ghiorse. 1991. An ex-
perimental apparatus for selection
of adherent microorganisms under
stringent growth conditions.
Applied Environmental Microbiology
57(7):1987-96.

Rubio, R. G., J. A. Zollweg, J. M. G.
Palanco,/ C. G. Calado,J. Miller,
and W.B. Streett. 1991. Thermo-
dynamic properties of simple
molecular fluids: Tetrafluoro-
methane and trifluoromethane.
Journal of Chemical and Engineering
Data 36:171-84.

Rhykerd, C, Z. Tan, L. A. Pozhar,
and K E. Gubbins. 1991. Proper-
ties of simple fluids in carbon
micropores. Faraday Transactions
13:2011-16.

Shah, N. N., J. A. Zollweg, and W.
B. Streett. 1991. Vapor-liquid
equilibrium in the system carbon
dioxide + cyclopentane from 275
to 493 K at pressures to 12.2 MPa.
Journal of Chemical and Engineering
Data 36:188-92.

Shuler, M. L 1991. Manufacturing
products using recombinant DNA
technology. Paper read at World
Congress on Medical Physics and
Biomedical Engineering 7-12 July
1991, in Kyoto, Japan.

Tan, Z., and K. E. Gubbins. 1991.
Theory of adsorption in micro-
pores. In Characterization of porous
solids II: Proceedings of the TUPAC
symposium, pp. 21-30. Amsterdam:
Elsevier.

Tan, Z., E van Swol, K. E. Gubbins,
and U. Marini Bettolo Marconi.
1991. Mixtures confined to narrow
pores: Computer simulation and
theory. In Proceedings, 3rd Interna-
tional Conference on Fundamentals of
Adsorption, pp. 919-28. New York:
Engineering Foundation.

Walsh, J. M., and K E. Gubbins.
1991. Fluids of small associating
molecules. Paper read at 1 lth
Symposium on Thermophysical
Properties, 23-27 June 1991, in
Boulder, CO.

Wickham, T.J., T Davis, R. R.
Granados, D. A. Hammer, M. L.
Shuler, and H. A. Wood. 1991.
Baculovirus defective interfering
particles are responsible for varia-
tions in recombinant protein
production as a function of multi-
plicity of infection. Biotechnology
Letters 13(7):483-88.

Zollweg, J. A. 1991. Thermo-
dynamics of the liquid mixture
krypton + xenon up to 190 K. Report
no. GRI-91/0089, Chicago, IL:
Gas Research Institute.

CIVIL AND
ENVIRONMENTAL
ENGINEERING
Chowdhury, J. U., and 7. R.
Stedinger. 1991. Confidence inter-
vals for design floods with esti-
mated skew coefficient. Journal of
Hydraulic Engineering 117:811-31.

Chowdhury, J. U., J. R. Stedinger,
and L.-H. Lu. 1991. Goodness-of-
fit tests for regional GEV flood
distributions. Water Resources
Research 27:17'65-76.

Condren, A., K. Deeny, R. Dick, R.
Hegg,R.Reed,J.Farrell,J.
Heidman, and J. Kreisel. (1990.)
Sludge management systems.
Water Environment and Technology
2:62-69.

Conley, L. M., R. I. Dick, and L. W
Lion. 1991. An assessment of the
root zone method of wastewater
treatment. Research Journal of the
Water Pollution Control Federation
63(3):239-47.

Culver, T.B., C. A. Shoemaker, and
L. W. Lion. 1991. Impact of vapor
sorption on the subsurface trans-
port of volatile organic com-
pounds. Water Resources Research
27(9):2259-70.

Deierlein, G. G., S.-H. Hsieh, Y.-J
Shen, and J.F.Abel. 1991.
Nonlinear analysis of steel frames
with semi-rigid connections using the
capacity spectrum method. Technical
report no. NCEER-91-0008.
Buffalo, NY: National Center for
Earthquake Engineering Research.

Grigoriu, M.D.,F. H. Kulhawy,
and B. Birgisson. 1991. Probabilis-
tic estimation of capacity of drilled
shaft foundations. In Proceedings,
3rd International Conference on
Probabilistic Methods Applied to
Electric Power Systems, pp. 114-16.
London, England: Institution of
Electrical Engineers.

Hover, K. C. 1991. Assessing the
frost resistance of concrete in-
service. Paper read at Facilities
Diagnostics Symposium, National
Institute for Standards and Tech-
nology, 18 June 1991, in Gaithers-
burg, MD.

Kay, J. N., F H. Kulhawy, and M.
D. Grigoriu. 1991. Assessment of
uncertainties in geotechnical
design parameters. In Proceedings,
6th International Conference on
Applications of Statistics and Prob-
ability in Civil Engineering, ed. L.
Esteva and S. E. Ruiz, pp. 683-92.
Mexico, DF: Instituto de
Ingenieria, Universidad Nacional
Autonoma de Mexico.

Kudla, W , R. Floss, and C. H
Trautmann. 1991. Dynamischer
Plattendruckversuch: Schnellpriif-
verfahren fur die Qualitats-
sicherung von unbindigen
Schichten. Strasse und Autobahn
42(2):66-73.

Kulhawy, F H, M. J S. Roth, and
M. D. Grigoriu. 1991. Some statis-
tical evaluations of geotechnical
properties. In Proceedings, 6th
International Conference on Applica-
tions of Statistics and Probability in
Civil Engineering, ed. L. Esteva and
S. E. Ruiz, pp. 705-712. Mexico,
DF: Instituto de Ingenieria,
Universidad Nacional Autonoma
de Mexico.

Kulhawy, F H., C. H. Trautmann,
L. E Rojas-Gonzalez, A. M.
DiGioia, Jr., and V. J. Longo.
1991. Research advances in trans-
mission line foundations. In Pro-
ceedings, 9th Pan-American Confer-
ence on Soil Mechanics and
Foundation Engineering, pp. 775—
87. Santiago, Chile: Sociedad
Geotecnica de Chile.

Lee,J.-H, and W.D. Philpot. 1991.
Spectral/textural pattern matching:
A classifier for digital imagery.
Transactions of the Geoscience and Re-
mote Sensing Society 29(4):545-54.

Liao, L.-z., and C. Shoemaker. 1991.
Convergence in unconstrained
discrete-time differential dynamic
programming. IEEE Transactions
on Automatic Control 36(6):692-
706.

Magee, B., L. W. Lion, and M. L.
Shuler. 1991. The transport of
dissolved organic macromolecules
and their effect on the transport of
phenanthrene in porous media.
Environmental Science and Technol-
ogy 25(2):323-31.

Murgel, G., L. W Lion, M. L.
Shuler, and W C. Ghiorse. 1991. An
experimental apparatus for selec-
tion of adherent microorganisms.
Applied and Environmental Microbi-
ologyS 7(7): 1987-98.

Ong, S. K, S. R. Lindner, and L. W.
Lion. 1991. Applicability of linear
partitioning relationships for
organic vapors onto soil minerals.
In Organic substances and sediments
in water, ed. R. A. Baker, pp. 275-
89. Chelsea, MI: Lewis.

Ong, S. K, and L. W. Lion, \99\a.
Effects of soil properties and
moisture on the sorption of TCE
vapor. Water Research 25(1):29-16.

. 1991£. Sorption equilibrium
and mechanisms for trichloroeth-
ylene onto soil minerals. Journal of
Environmental Quality 20(1): 180-
88.

Philpot, W.D. 1991. The derivative
ratio algorithm: Avoiding atmo-
spheric effects in remote sensing.
Transactions of the Geoscience and
Remote Sensing Society 29(3):35O-
57.

Rodgers, T E., D. E. Bobbitt, F.
H. Kulhawy, R. C. Latham, R. R.
Melcher, C. C. Perigo, and W. O.
Reeside. 1991. Guide for installation
of foundations for transmission line
structures. Report no. 977-1991.
New York: Institute of Electrical
and Electronics Engineers.

Snyder, K. A., K. C. Hover, and K
C. Natesaiyer. 1991. An investiga-
tion of the minimum expected
uncertainty in the linear traverse
technique. Cement, Concrete and
Aggregates 13(1):3-1O.

Turnquist, M. A. 1991. Using real-
time location information in haz-
ardous materials transportation. In
Applications of advanced technologies
in transportation engineering, ed. Y.
Stephanedes and K. C. Sinha, pp.
152-56. New York: American
Society of Civil Engineers.

COMPUTER SCIENCE
Birman, K. P. 1991. The process
group approach to reliable distributed
computing. Department of Com-
puter Science report no. 91-1216.
Ithaca, NY: Cornell University.
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Bloom, B. 1991. When is partial
trace equivalence adequate? Depart-
ment of Computer Science report
no. 91-1218. Ithaca, NY: Cornell
University.

Bloom, B., and M. Kwiatkowska.
1991. Trade-offs in true concurrency:
Pomsets and Mazurkiewicz traces.
Department of Computer Science
report no. 91-1223. Ithaca, NY:
Cornell University.

Chang, R.,]. Kadin, and P. Rohatgi.
1991. Connections between the
complexity of unique satisfiability
and the threshold behavior of
randomized reductions. In Proceed-
ings, 6th Annual Conference on
Structure in Complexity Theory, pp.
255-69. Los Alamitos, CA: IEEE
Computer Society Press.

Cooper, i?. 1991. The ISIS distrib-
uted toolkit: An open systems,
software approach to fault toler-
ance. Paper read at Italian UNIX
Convention, 16-17 May 1991, in
Milan, Italy.

Cooper, R., and K. Marzullo. 1991.
Consistent detection of global predi-
cates. Department of Computer
Science report no. TR91-1200.
Ithaca, NY: Cornell University.

Feldman, R., A. Segre, and M.
Koppel. 1991. Incremental retire-
ment of approximate domain
theories. In Machine Learning, ed.
B. Krulwich and G. Collins, pp.
500-04. San Mateo, CA: Morgan-
Kaufmann.

Gries, D. 1991. Teaching calcula-
tion and discrimination: a more
effective curriculum. Communica-
tions of the ACM 34(3):44-55.

Howe, D. J. 1991. On computa-
tional open-endedness in Martin-
Lofs type theory. In Proceedings,
6th Symposium on Logic in Computer
Science, pp. 162-72. Los Alamitos,
CA: IEEE Computer Society
Press.

Huttenlocher, D. P., K. Kedem, and
M. Sharir. 1991. The upper envelope
of Voronoi surfaces and its applica-
tions. Department of Computer
Science report no. 1191. Ithaca,
NY: Cornell University.

Jagadeesan, R., and K. Pingali.
1991. Abstract semantics for a higher
order functional language with logic
variables. Department of Com-
puter Science report no. 91-1220.
Ithaca, NY: Cornell University.

Li, Y 1991. A globally convergent
method for Lp problems. Department
of Computer Science report no.
91-1212. Ithaca, NY: Cornell
University.

Marzullo, K, R. Cooper, M. Wood,
and K. Birman. 1991. Tools for
distributed application manage-
ment. Computer 24(8):42-51.

Marzullo, K.,F. B. Schneider, and
N. Budhiraja. 1991. Derivation of
sequential, real-time, process-control
programs. Department of Com-
puter Science report no. 91-1217.
Ithaca, NY: Cornell University.

Murthy, C. R. \99\a. Classical proofs
as programs: How, what, and why.
Department of Computer Science
report no. 91-1215. Ithaca, NY:
Cornell University.

. \99\b. An evaluation seman-
tics for classical proofs. Department
of Computer Science report no.
91-1213. Ithaca, NY: Cornell
University.

Pearson, D., and V. Vazirani. 1991.
Efficient sequential and parallel
algorithms for maximal bipartite sets.
Department of Computer Science
report no. 91-1224. Ithaca, NY:
Cornell University.

Salton, G. 1991. Developments in
automatic text retrieval. Science
253(5023):974~80.

Salton, G., and C. Buckley. 1991.
Global text matching for informa-
tion retrieval. Science 253(5023):
1012-15.

Shapiro, V. 1991. Theory ofR-
functions and applications: A primer.
Department of Computer Science
report no. 91-1219. Ithaca, NY:
Cornell University.

Shapiro, V, and D. L. Vossler.
1991. Boundary-based separation for
B-rep —> CSG conversion. Depart-
ment of Computer Science report
no. 91-1222. Ithaca, NY: Cornell
University.

Zippel, R. 1991^. Rational function
decomposition. In Proceedings,
1991 International Symposium on
Symbolic and Algebraic Computation,
ed. S. Watt, pp. 1-6. New York:
Association for Computing
Machinery.

. 1991£. Symbolic/numeric
techniques in modeling and simula-
tion. Department of Computer
Science report no. 91-1214.
Ithaca, NY: Cornell University.

ELECTRICAL
ENGINEERING
Ballantyne, J. M. 1991. Directions
of monolithic integration in opto-
electronics. Paper read at 3rd
Annual Photonics Overview, 30
April-1 May 1991, in Binghamton,
NY.

Basin, D., G. Brown, and M. Leeser.
1991. Formally verified synthesis
of combinational CMOS circuits.
Integration 11:235-50.

Berger, T, and Z. Ye. 1991. Matrix
representation of Mayer series and
critical distortion of random fields.
Paper read at 1991 IEEE Interna-
tional Symposium on Information
Theory, 24-28 June 1991, in
Budapest, Hungary.

Bitmead, R. R., C. R. Johnson, Jr.,
and C. R. Pollock. 1991. Optical
adaptive signal processing: An
appraisal. International Journal of
Adaptive Control and Signal Process-
ing 5: 87'-92.

Bojanczyk, A. and A. Steinhardt.
1991. Hyperbolic transforms in
signal processing. Paper read at
9th Army Conference on Applied
Mathematics and Computing, 17
July 1991, in Minneapolis, MN.

Chen, C. M., and S.-Y Lee. 1991.
ParaUelization of the EM algo-
rithm for 3-D PET image recon-
struction: Performance estimation
and analysis. In Proceedings, 1991
International Conference on Parallel
Processing, ed. K. So, vol. 3, pp.
175-82. Boca Raton, FL: CRC
Press.

Chen, L.-Y, and TV. C MacDonald.
1991. A selective CVD Tungsten
process for micromotors. Paper
read at 6th International Confer-
ence on Sensors and Actuators,
24-28 June 1991, in San Fran-
cisco, CA.

Daddis, G. E., Jr., and H. C. Tomg.
1991. The concurrent execution of
multiple instruction streams on
superscalar processors. In Proceed-
ings, 1991 International Conference
on Parallel Processing, ed. C.-l. Wu,
vol. 1, pp. 176-183. Boca Raton,
FL: CRC Press.

Delchamps, D. F 1991. Spectral
analysis of sigma-delta quantiza-
tion noise. In Proceedings, 25th
Annual Conference on Information
Sciences and Systems, ed. F.
Davidson and J. Goutsias, pp. 167—
72. Baltimore, MD: The Johns
Hopkins University Press.

English, R. S., and D. F. Delchamps.
1991. Chaotic behavior of digital
control systems and its continuous
dependence on parameters. In
Proceedings, 1991 American Control
Conference, pp. 200-205. Evanston,
IL: American Automatic Control
Council.

Gharavi, R., and V. Anantharam.
1991. Effect of noise on long-term
memory in cellular automata with
asynchronous delays. In Proceed-
ings, IEEE International Symposium
on Information Theory, p. 332. New
York: IEEE.

Haydl, W.H., T Kitazawa, J.
Braunstein, R. Bosch, and M.
Schlechtweg. 1991. Millimeter
wave coplanar transmission lines
on gallium-arsenide, indium
phosphide, and quartz with finite
metallization thickness. IEEE
MTT-S International Microwave
Symposium Digest 2:691-94.

Lester, L. E, S. D. Offsey, B. K.
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