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TIME FOR AN UPDATE
The Focus on Engineering Education
Nationally and at Cornell

In the face of global competition and
accelerating technological advances, this
country needs engineering graduates
who are prepared to deal with modern
technology. At the same time, these
graduates should have a basic back-
ground that enables them to adapt to
changes in the profession, or to become
scientists or engineering researchers or
business leaders. Furthermore, they
should be able to communicate well,
interact with professionals in various
fields, and contribute to an increasingly
complex society.

This constitutes quite an order for a
four-year undergraduate program. In
fact, the situation in engineering educa-
tion is close to being a crisis, according
to a number of recent studies by panels
of national leaders in science, tech-
nology, and education. At Cornell the
College of Engineering has begun a
concerted effort, in line with the
national mandate, to improve under-
graduate education. This includes the
introduction of innovative curricular
changes and a large-scale project to
renovate existing laboratories and
establish new ones.

The initiative is not entirely new, of
course. All along, the college and its
schools and departments have been
introducing new course work, pro-
grams, and facilities. For example, the
Computer-Aided Design Instructional
Facility (CADIF) was established six
years ago as one of the most advanced
laboratories of its kind in the world.
Computers have appeared everywhere
to support instruction in new tech-
niques. Exposure to industry has been
made more available to students
through an expanded work-study pro-
gram and through new programs spon-
sored by the college or its units.
Emerging interdisciplinary fields have
been accommodated. Much incentive
and capability has been and is provided
by the presence of a vigorous program
of research and graduate education.

Still, college administrators and
faculty members felt that a more con-
centrated and focused effort was needed
to bring the undergraduate facilities up
to high modern standards and to
promote the improvement of programs.

During the next few years, according
to Dean William B. Streett, hundreds

of thousands of dollars will be spent to
renovate existing undergraduate labor-
atories and establish new ones in
emerging technological areas. The inten-
tion, he says, is "to make our under-
graduate laboratories the best in the
country."

This will be accompanied by an
ongoing effort to improve the "soft-
ware" aspects of the undergraduate
program. As Professor Philip L.-F. Liu,
who is the associate dean for under-
graduate student affairs, points out,
maintaining instructional quality and
balance in the curriculum is equally as
important as keeping facilities up to
date.

THE NATIONAL CONTEXT:
URGENT RECOMMENDATIONS
The status of engineering education has
been the subject of intensive study at
the national level in the past few years.
Not surprisingly, the same general
conclusions have emerged from all of
them: there are serious problems in
undergraduate programs in engineering
(and to a lesser extent in mathematics
and the sciences) that must be addressed 2



"The intention. . .is to make
our undergraduate laboratories

the best in the country.'

Streett

soon by governments, academic insti-
tutions, and industry.

A report issued in March 1986 by the
National Science Board's Task Com-
mittee on Undergraduate Science and
Engineering Education under the title
Undergraduate Science, Mathematics
and Engineering Education recom-
mended that the National Science
Foundation provide "highly leveraged
program support for undergraduate
science, mathematics and engineering
education in order to meet critical needs
that affect the health of the Nation."
The committee concluded that the NSF
"cannot assume responsibility for the
financial health of higher education,
even in the sciences and engineering,"
but should take a leadership role in
stimulating change and should provide
support for programs undertaken at the
educational institutions. In this area of
undergraduate education, the report
said, there should be additional NSF
expenditures of $100 million a year.

The three areas targeted for attention
are laboratory instruction (the costs for
needed instrumentation alone were
estimated at $2-4 billion), faculty

development, and courses and curricula
(characterized as frequently out-of-date
in content and unimaginative, among
other deficiencies). The report pointed
out that both corporate and government
support, though substantial, has been
directed primarily to research and grad-
uate education.

A comprehensive and influential
report was commissioned by the
National Research Council (an arm of
the National Academy of Sciences and
the National Academy of Engineering).
Under the general title Engineering
Education and Practice in the United
States: Foundations of Our Techno-
Economic Future, the findings of
distinguished panels of educators and
industrial leaders were published in
1985 and 1986 in a series of volumes.
(Two of the participants have Cornell
connections: The chairman of the com-
mittee that carried out the study is
Jerrier A. Haddad, retired IBM execu-
tive and emeritus member and former
chairman of the Engineering College
Council at Cornell. The chairman of the
panel on undergraduate engineering
education is Edmund T. Cranch, former

dean of the College of Engineering;
Cranch was president of Worcester
Polytechnic Institute at the time of his
appointment to the NRC panel and is
now president of the Wang Institute of
Graduate Studies.)

The recommendations that are di-
rected to educational institutions
address problems of faculty shortages
(positions should be made more attrac-
tive in terms of salary, facilities, and
teaching loads, and second-career
appointees should be considered),
undergraduate programs (they should
be broad and fundamental with post-
ponement of extensive specialization,
they should include nontechnical com-
ponents useful in dealing with foreign
markets, and they should provide
options for dual-degree programs
between, for example, engineering and
liberal arts colleges), facilities (with help
from industry and government, the
schools should create programs for
developing educational technology such
as computer-aided instruction), and
enrollments (efforts should be made to
increase the participation in engineering
of women and minority students).



Jerrier A. Haddad, a long-time member of
the Engineering College Council at Cornell,
headed a National Research Council com-
mittee that conducted an extensive study of
engineering education and practice in the
United States. Haddad, who earned the
B.E.E. degree at Cornell in 1945, is now
practicing as a consultant after a long career
at IBM, most recently as vice president for
technical personnel development. The photo-
graph was taken in Carpenter Hall after a
meeting of the Engineering College Council.
Haddad served as chairman of this advisory
board from 1981 to 1985.

Edmund T. Cranch, who was engineering
dean at Cornell from 1973 to 1978, was
chairman of the National Research Council
panel that recently published a report on
engineering undergraduate education.
Cranch earned three degrees in engineering
at Cornell and was a member of the faculty
until 1978, when he became president of
Worcester Polytechnic Institute. He is now
president of the Wang Institute of Graduate
Studies. The photograph was taken in his
office in Carpenter Hall while he was dean
at Cornell.

The report also recommended pat-
terns of government support that would
benefit undergraduate as well as grad-
uate education, and matching-grant
legislation to facilitate the acquisition
of laboratory equipment and buildings.
It called for more programs that would
strengthen the ties between engineering
schools and industry, including the
establishment of research centers and
the development of more and better
work-study programs.

Also published in 1986 was Quality
of Engineering Education, a report

from the American Society for Engi-
neering Education that resulted from a
two-year study by four task forces
drawn from industry and academia. The
study centered on faculty excellence and
some key aspects of the academic
working environment; included are the
recurring matters of the use of educa-
tional technology and the undergrad-
uate engineering laboratory.

The National Association of State
Universities and Land-Grant Colleges
issued a 1986 report, Quality of Engi-
neering Education II, which constitutes

a reassessment of an earlier study,
known as the Kemper Report, that was
influential in bringing about changes in
engineering institutions. The Kemper
Report, published in 1982, pinpointed
four conditions that were contributing
to a crisis in engineering education:
overenrollment in undergraduate classes,
faculty shortages, obsolete or insuf-
ficient equipment, and insufficient
space. The current report concludes in
that in general these findings remain
valid.

States, too, have been studying their
role in improving engineering educa-
tion. The Legislative Commission on
Science and Technology of the State of
New York, for example, issued a report
in October 1986 that provides back-
ground material for legislative hearings.
The problems addressed include the
recurrent ones of obsolete equipment,
faculty shortages, and funding for insti-
tutions and programs.

THE CORNELL PLAN:
FOUR YEARS PLUS AN M.ENG.
A basic problem for engineering schools
that is alluded to in the national reports
is the impossibility of making a four-
year undergraduate curriculum contain
all the necessary and desirable com-
ponents. The National Research
Council committee headed by Cranch
defined the goals of an undergraduate
engineering education as preparation
for practice, for graduate study, and for
lifelong learning. Their report pointed
out that "the common view is that the
balance among science, engineering,
design, and the nontechnological com-
ponent cannot be changed further with-
out seriously damaging at least one of
the four. Nevertheless, pressures do



exist for substantial change. For
example, how will the imperative of
computers and the information age find
room in the curriculum? Or how will
time be found for incorporating the
field of biotechnology, which is growing
within many engineering disciplines?
And how is the third goal of under-
graduate engineering—to provide a base
for lifelong learning in support of
evolving career objectives—to be
addressed when engineers encounter
several technological revolutions during
their careers and when they are further
called upon to bridge the gap from
technology to society?" Inevitably, this
dilemma has generated controversy
among faculties, especially in their
dealings with industries and groups
such as the Accreditation Board for
Engineering and Technology (ABET).

Engineering educators at Cornell
believe they have developed the best
solution to the problem of curricular
compression: the combination of a
broad four-year Bachelor of Science
program and an integrated fifth-year
Master of Engineering program. The
B.S. curriculum emphasizes the physical
sciences, mathematics, engineering
science, and computer-based technol-
ogies, and includes a strong component
of course work in the humanities, liberal
arts, and social sciences. The M.Eng.
curriculum, in a specific discipline,
stresses design.

There are several advantages to this
plan. One is the preservation of a four-
year undergraduate curriculum, as is
generally favored by industry and by
students. Lengthening the program to
five years would relieve curricular
pressures, but would cause other

5 problems: Students would put as much

time into getting a baccalaureate degree
as others devote to getting a master's,
and would incur greater expense, and
usually debt, for their first-degree
education. Another advantage of the
two-degree plan is the greater flexibility
it makes possible for the B.S. program,
which can serve as excellent preparation
not only for engineering, but for a
variety of other careers.

Actually, Cornell did have a five-year
undergraduate engineering program
during the post-World War II years,
but it was phased out in the 1960s in
favor of the five-year program culmi-
nating in the M.Eng. degree. Dean
Streett points out that the college is now
graduating almost as many Masters of
Engineering each year (270 to 280) as it
did Bachelors of Science (250 to 300)
during the peak years of the five-year
undergraduate program. Most of the
M.Eng. students are Cornell engineering
graduates, continuing in an integrated
program. The college is successfully
seeking fellowship aid and other support
from industry for M.Eng. students.

THE ADVENT AND FUTURE
IMPORTANCE OF COMPUTERS
Most noticeable among the changes in
undergraduate education that have
taken place in recent years is the advent
of computers. And as the college's
laboratory-improvement program pro-
ceeds, computers will become even
more integral to the academic program.
Because computers are used extensively
in real-life engineering, they are
essential for student laboratories also—
needed for instruction in computer-
based operations, as components of
experimental systems, and for design.

An example of a successful accomplish-

". . .computers will
become even more
integral to the
academic program.J



Professor Vrana supervises a student in the
electrical engineering school's computer-
based laboratory. As part of an M.Eng.
project on the CORNELL COMPO-BOX,
the student is checking the final design and
construction of a system that will display on
a console any faulty component.

ment is the maintenance, since its
establishment fourteen years ago, of an
up-to-date computer-based laboratory
at the School of Electrical Engineering.
It is used for two senior-level courses—
Computer Structures, and Microproces-
sor Systems. According to Professor
Norman M. Vrana, who is responsible
for the laboratory development, this
facility is "probably better than most
industrial labs." The equipment, which
has been provided over the years by
Hewlett-Packard and Intel, allows the
students to use modern computers to
do design work in complex digital
systems. The facility has the capability
of integrating software and hardware
into the design of systems that may
employ any one or more of as many as
thirty different microprocessors. Al-
though primarily an undergraduate
laboratory, it is used also by graduate
students, mostly in the Master of
Engineering (Electrical) program. In
fact, Vrana says, M.Eng. students
working on their design projects have
contributed so much to the development
of the laboratory that it "probably
wouldn't exist without them."

Another example of the use of
computers in undergraduate labora-
tories is the new Macintosh facility that
has been set up for the electrical
engineering course Introduction to
Digital Systems. In this laboratory a
simulation package replaces more tradi-
tional hands-on equipment—a kind of
development that some faculty members
feel needs watching. "In my opinion,"
one of the school's professors remarked,
"the jury is still out on how this change
to a 'dry lab' affects the laboratory part
of our educational process."

In the School of Applied and Engi-
neering Physics a recently established
laboratory is used for the course
Computerized-Instrumentation Design,
which was developed by Professor
Arthur Kuckes and Bruce Thompson in
1983. About twenty-five microcompu-
ters, an equal number of oscilloscopes,
and other equipment including printers
are used by the students to control
experiments, collect data, fit the data
with theoretical guidelines, plot the
graphs, evaluate the important para-
meters, and process reports. At first the
students program the computers using
BASIC with theoretical equations, but
as the term advances, they find they
must program in machine language so
that the computers can keep up with
the faster experiments.

The upper-level course in instrumen-
tation offered by the Department of
Agricultural Engineering provides
another example of how computers are
used in laboratory instruction. The
students use IBM PC-XTs and ATs
(Project Ezra equipment) for data
acquisition, data reduction and analysis,
process control, and simulation. The
computer is also used to characterize
and calibrate sensors and transducers,
and as a digital storage oscilloscope to
capture time-varying signals. An ex-
ample is a set of experiments in which
piezoelectric materials are characterized
and then a piezoelectric accelerometer,
mounted in an apple, is monitored to
show the force the apple might expe-
rience as it drops onto different types of
protective materials. Professor Daniel
J. Aneshansley remarked that "the
personal computer has provided stu-
dents and faculty with inexpensive and
easy access to computer-based data
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acquisition and control. For experi-
mentalists, this capability gives the same
sense of excitement (and sometimes
frustration) as word processing gave to
those who compose written material.
For our students, it has meant new
experimentation and experiences through-
out the curriculum."

HANDS-ON EXPERIENCE
FOR FUTURE ENGINEERS
Providing students with up-to-date,
hands-on laboratory experience requires
not only computers, but the continual

replacement and addition of other
equipment. A Quarterly survey of the
schools and departments in the Cornell
College of Engineering revealed some
impressive accomplishments, as well as
areas in which improvements are sought.

One of the accomplishments was the
development of a laser laboratory at the
School of Applied and Engineering
Physics. It was begun in the early 1980s
by Professors Terrence Cool and Aaron
Lewis for a new freshman course, The
Laser and Its Applications in Tech-
nology, Science, and Medicine. (For

Left: Professor Kuckes advises an under-
graduate student on a laboratory assignment
in the engineering physics course Computer-
ized- Instrumentation Design.

Left: A recently developed "hands-on"
engineering physics course is The Laser and
Its Applications in Technology, Science, and
Medicine. In the popular course the students
build two lasers, using a kit designed by
Professor Cool.

this work, Cool and Aaron shared one
of the Dean's Prizes for Innovation in
Undergraduate Teaching, awarded for
the first time last spring.) A major
reason for introducing the course, the
instructors say, was "to give students
hands-on experience in assembling
instruments and to convey some of the
fun and excitement of contemporary
applications of physics." In the labor-
atory, groups of students use a kit—
designed by Cool—to build a nitrogen
laser and a tunable dye laser, and then
use the instruments for experiments.



'The unique [Process
Control Laboratory]
entails. . .interaction

with industry, and
outreach to other

universities."

Scientists from industrial research
laboratories visit the class to talk about
their work. The course is extremely
popular—about one-quarter of all the
freshmen in the college can be accom-
modated, and the class is always filled.

The well-equipped laboratory is used
also for the course Physical and Inte-
grated Optics, which was developed by
Cool and is being offered for the first
time this spring term. The equipment
was purchased with funds from the
college, augmented by gifts from Xerox,
AT&T, and Corning.

At the Sibley School of Mechanical
and Aerospace Engineering, a major
effort has been a quarter-million-dollar
upgrading of the basic Mechanical
Engineering Laboratory. According to
Albert R. George, director of the
school, changes were mandated by
general obsolescence of the existing
apparatus and the need for new kinds
of equipment. Also, more experimental
units were needed to accommodate the
increased number of students who use
the laboratory. It had become necessary
for instructors to demonstrate certain
experiments rather than have students
perform them. Funding for the project
was spearheaded by an alumnus, Ted
Ohart '29, who contributed $100,000.
Additional money has come from be-
quests and from other alumni.

The Department of Materials Science
and Engineering is also upgrading its
Materials Laboratory, which is used for
all the undergraduate laboratory
courses. (These include a two-term
sequence in Research Involvement.)
Modern equipment is replacing the
original machines that were installed
when Bard Hall was built in the early
1960s; some of those old-timers were

World War II surplus material. Accord-
ing to Professor Rishi Raj, who coor-
dinated the effort to decide what should
be purchased, an important criterion is
that replacement equipment should be
useful in a range of applications. So far,
with a $30,000 allocation from the
college, the department has made two
major acquisitions: an electrical-mechan-
ical testing machine and a hardness
tester. In addition, the laboratory has
new state-of-the-art control equipment
and measuring and recording devices
for data-gathering.

An interdisciplinary subject will be
served by the Process Control Lab-
oratory now under development by the
Cornell Manufacturing Engineering and
Productivity Program (COMEPP). The
unique project entails not only estab-
lishing the laboratory itself, but course
development, interaction with industry,
and outreach to other universities. Since
process control is pertinent to study and
research in many engineering disci-
plines, the laboratory and certain course
work will be interdisciplinary; the
participants include faculty members
from six schools or departments. The
director is Paulette Clancy, assistant
professor of chemical engineering and
associate director of COMEPP.

The Process Control Laboratory
project will involve instruction at both
the B.S. and M.Eng. degree levels. One
of the first accomplishments will be to
set up an interdisciplinary first course
in process control for undergraduates,
and the establishment of a sensors
laboratory has high priority. Equipment
and software worth several hundred
thousand dollars is being provided by
IBM (through Project Ezra), Alcoa,
Prosys Tech, and other companies.
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Industrial participation will include
seminar talks by company personnel,
the provision of data for course work,
and the sponsorship of M.Eng. interns.

CONCERN FOR TEACHING
AND EDUCATIONAL BALANCE
Modern equipment is not the only
necessity for a strong educational
program, of course. Especially in an era
of rapid change, it is necessary for the
faculty to continually monitor the con-
tent of individual students' programs,
taking care to ensure quality instruction
and balance in the course work. At the
college, the watchdogs of the under-
graduate program, along with Associate
Dean Liu, are the members of the
Common Curriculum Governing Board
(CCGB), which comprises faculty repre-
sentatives of each of the academic fields.

Keeping course offerings and their
subject content current is the responsi-
bility of the faculty in each field, and
this is well accomplished, Liu said. The
overall composition of the four-year
curriculum is a more general concern.
The faculty as a whole, working largely
in terms of CCGB recommendations,

"We want to encourage the view
that teaching is a faculty
member's primary function.'

must see that students receive a good
general education as well as instruction
in a specialty field. The requirement for
a significant number of courses in the
humanities comes under faculty juris-
diction, for example. A specific matter
now under consideration is the possi-
bility of incorporating more writing
assignments into upperclass technical
course work. (The recommendations of
a recent college-sponsored study are
outlined in the article in this issue on
communication skills.)

Cornell engineering educators are in
accord with the call at the national level
for undergraduate engineers to have
more opportunity for hands-on experi-
mental work. The college expects to
encourage participation in new National
Science Foundation programs designed
to foster the preparation for careers in
research. One of these programs offers
"creativity awards" to individual stu-
dents who plan to undertake graduate
study. The other is the Research Expe-
riences for Undergraduates Program
(REU), which provides funding to
institutions in two ways—as grants to
schools selected as sites for research

participation by undergraduates, and as
supplements to ongoing NSF research
awards when one or two undergraduates
are included on the project team.

Another concern is the quality of
instruction provided by graduate
teaching assistants and also by junior
professors. As Liu points out, many
people confronting their first teaching
assignments have had no previous
teaching experience or training. To
improve the situation, the college is
beginning to implement a training
program for teaching assistants. Also
under discussion is how senior faculty
members can be encouraged to help new
instructors manage their initial classes.
'The rewards to faculty members for
success in research are numerous and
apparent," Liu remarked. "They include
opportunities for consulting, additional
salary during the summer, and an
advantage in terms of promotion. We
want to encourage the view that teaching
is a faculty member's primary function."
Recognition for excellence in teaching
is enhanced, for example, by the annual
awards sponsored by the college and by
schools and departments.



"The support
for undergrduate
research projects

illustrates the broad
base of funding

that underlies the
overall effort. . ."

Because a good instructional program
depends on good student-faculty inter-
action, the CCGB is also attempting to
encourage more contact between pro-
fessors and undergraduates. One aim is
enlist more faculty members as academic
advisers.

WAYS AND MEANS FOR
ACHIEVING THE GOALS
An important factor not apparent in a
survey of facilities and course listings is
the influence of research activity through-
out the college and university. Under-
graduates are exposed, at least in-
directly, to what is going on in the
graduate laboratories and special re-
search centers. Sometimes they become
involved in project work, and soon this
kind of opportunity will be made more
available. In addition to the NSF
programs already mentioned, there is
now taking shape a project special to
Cornell: as a gift in honor of his twenty-
fifth reunion, James O. Moore '62 is
providing about $250,000 over the next
five years to facilitate the participation
of undergraduates in research.

The support for undergraduate re-
search projects illustrates the broad base
of funding that underlies the overall
effort to improve undergraduate educa-
tion. Equipment and money is coming
from government, corporations, founda-
tions, and private donors, as well as
from university and college resources.
Often the initiative comes from faculty
members, who determine what is needed
and help secure support.

Additional help from government is
being sought by educational institu-
tions. One effort in which Dean Streett
is involved, along with other engineering
deans in New York State, is the

preparation of a proposal by the Associ-
ation of Engineering Colleges of New
York State for state funding in support
of undergraduate education. On the
basis of a study of facilities of twenty-
one engineering institutions in the state,
the association has concluded that an
average of $3,600 per graduate per year
would raise these schools' laboratories
to state-of-the-art conditions and sustain
them at that level. (The National Science
Board report, referred to above, also
recommended that the states provide
substantial funding for laboratory
instrumentation; the amount suggested
is $2,000 per engineering or science
graduate per year, as recommended by
bodies such as the National Society for
Professional Engineers.) An appropri-
ation of the magnitude called for by the
New York State association could bring
the Cornell College of Engineering as
much as $1 to $2 million a year for
several years.

The quality, content, and context of
engineering education is the overall
concern. Evident in the current effort
by the College of Engineering is the
recognition that at Cornell the expe-
rience of learning to become an engineer
is not gained exclusively in certain
classrooms and laboratories, but ex-
tends to the rest of the university
enterprise and to the professional world
beyond.—GMcC
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COMPUTERS, COMPUTERS, COMPUTERS
1. Their Role in the Life of Undergraduate Engineers

The slide rule, once the trademark of
the engineering student, was long ago
replaced by the pocket calculator. Now
future Cornell engineers rely on com-
puter workstations, and not only for
routine calculations. Homework requir-
ing computers is assigned in many
courses, partly because the computer
has become an essential tool of the pro-
fession. In fact, the computer has trans-
formed the instructional program at the
College of Engineering.

This transformation has kept faculty
members, facilities directors, and sup-
port staff busy. Since 1984, the college
has had an associate dean for comput-
ing to coordinate and provide direction
for ail the activity. Space has been
found for small computers all around
the campus—for example, the engineer-
ing library has computers where there
used to be lounge chairs.

Besides keeping course content and
laboratory work up to date, the prolif-
eration of computers is having an addi-
tional educational impact: it is aiding
the learning process itself. Skills in
problem-solving, long considered at the

11 heart of engineering education, are

sharpened by the rigorous demands of
computer programming. Physical pro-
cesses, such as three-dimensional mo-
tion, are understood more easily and
quickly with the help of computer
graphics. More time can be spent study-
ing basic concepts and principles if the
student isn't swamped with the mechan-
ical details of lengthy calculations.

COMPUTING AS AN INTRINSIC
PART OF INSTRUCTION
The part of the Common Curriculum
that is required for all freshmen in the
college includes the course Introduction
to Computer Programming. The subject
is programming itself, not a particular
language, and the emphasis is on con-
cepts and techniques of problem analy-
sis. As the students progress in their
education, they encounter computing in
regular course work; regardless of their
major, they are required to take at least
one course with a significant amount of
programming and application.

Because of their impression that
computers are where the action is,
freshmen often come to the college with
the idea of majoring in either computer

science or electrical engineering, but
they soon find that computing is an in-
trinsic part of all engineering disciplines.
In 1986 the Office of Undergraduate
Affairs (headed at that time by Profes-
sor Richard H. Lance) published a
pamphlet, Computers, Computers,
Computers, for distribution to sopho-
mores about to choose a field program
(or major subject). This pamphlet de-
scribes how computing is incorporated
into the various upperclass curricula,
and how students in every field are
prepared to use computing techniques
in their future professional work. A
summary is given in the table.

THE FACILITIES FOR
ENGINEERING STUDENTS
Computing equipment is available in
university-administered centers, college-
wide facilities, and special laboratories
run by schools, departments, or
programs.

Cornell Computer Services provides
a number of Apple Macintoshes in fa-
cilities across the campus; many provide
access to the IBM mainframe compu-
ters. Also available are stand-alone per-



A SUMMARY OF COMPUTING IN CORNELL UNDERGRADUATE ENGINEERING STUDIES

Agricultural Engineering
Computer analysis is considered important because of the inherently
complicated and nonlinear processes that characterize biological
systems. Students take two programming courses in their first year,
and at the upperclass level use applications programs (developed by
faculty members) for various agricultural and biological engineering
problems.

Chemical engineering
Laboratories provide "hands on" experience in computerized process
control and data acquisition and analysis. In addition, students use
the school's instructional computing facility for assignments that
require the use of the latest "supermicro" hardware and sophisticated
software. They use commercial process simulators, spreadsheets for
optimization studies, and high-resolution graphics (useful, for
example, in studying three-dimensional phase diagrams or the design
of distillation columns, or in visualizing fluid flow).

Civil and Environmental Engineering
Students become experienced in the methods of computer-aided
analysis and design, which are applicable to the whole range of civil
and environmental engineering concerns: housing, energy, hydraulics,
water resources, pollution control, waste management, remote
sensing, and land-resource and geotechnical analysis. About half the
undergraduate courses entail assignments at the Computer Aided
Design Instructional Facility (CADIF). In addition, the school offers an
advanced programming course and several analysis courses dealing
with finite elements, finite differences, and boundary elements.

Computer Science
A major in this field is for students interested in the computing process
itself rather than in specific applications. They are prepared to make
use of computing in any of a wide range of occupations. Core courses
focus on the theory of computation and the design and analysis of
programs, computers, data structures, and algorithms. Programming
languages, compilers, operating systems, computer graphics, and
databases can be studied in elective courses.

Electrical Engineering
About two hundred students graduate each year with a B.S. degree in
electrical engineering, and all of them have some training in
computing. A sequence of required laboratory courses emphasizes
the interfacing among computers, data acquisition, and the control of
experiments. Those who wish to concentrate more fully on
computing may specialize in computer engineering or telecommuni-
cations, or may take electives involving computerized circuit design.

Engineering Physics
Students are encouraged to acquire a sophisticated knowledge of
laboratory electronics and computational techniques. Courses offered
by the school cover the design of computerized instrumentation, and
electronic circuitry, including microprocessors and their integration
into systems. Courses in mechanics, electrodynamics, and continuum
physics incorporate the use of computers to provide not only the
strong theoretical background emphasized in the overall program,
but also a better descriptive understanding of the underlying physics.

Geological Sciences
Computing facilities ranging from the many desktop microcomputers
to advanced specialized equipment allow researchers and students,
including undergraduates, to gain experience with state-of-the-art
computing technology. The department has a MEGASEIS—a 32-bit
minicomputer system used to handle and enhance large seismic
datasets—and a VAX 11/750 minicomputer that is linked to the
university communications network and has an array of peripherals
including color-graphics equipment for analyzing and manipulating
satellite and seismic imagery.

Materials Science and Engineering
Undergraduates may participate in ongoing research projects, most
of which use computers to acquire, analyze, and visualize complex
data. Computers are used also as teaching aids; for example,
computer-generated stereograms allow representations of the three-
dimensional structure of large crystals to be displayed and rotated on
the screen.

Mechanical Engineering
Computers have assumed crucial importance in industrial operations,
with widespread use of CAD/CAM/CAE (computer-aided design,
manufacturing, and engineering), as well as computerized data
acquisition and analysis. The use of computers is incorporated into
all areas of research and instruction. Computer-intensive courses
include Computer-Aided Design, Microprocessor Applications, and
Mechanical and Aerospace Structures.

Operations Research and Industrial Engineering
This field, concerned with how best to design and operate systems, is
fundamentally dependent on computers. Virtually all aspects of the
undergraduate program (optimization, probability modeling, applied
statistics, simulation, engineering economy, and industrial systems
analysis) employ applications software. Emphasis is placed on
microcomputers, but some applications use high-resolution graphics
workstations.

12
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sonal computers—IBM PC/ATs and
Hewlett-Packard Vectras.

Of particular importance is an exten-
sive program, supported by a three-year
grant from IBM, that is providing
hardware, software, and personnel sup-
port to students throughout the univer-
sity. This is called Project Ezra, in
honor of the university's founder, Ezra
Cornell. Nineteen institutions were se-
lected by IBM for this program, with
the idea that these nineteen will serve as
models for other institutions consider-
ing the large-scale infusion of comput-

ing into instruction. The emphasis is not
on creating new tools, but rather on en-
couraging the innovative application of
advanced computer technology to in-
struction in a wide range of subjects.
This is, indeed, happening: in all the
schools and colleges there are numbers
of faculty members who have already
developed software for use in course
work.

As part of Project Ezra, clusters of
personal computers have been installed
at several locations and connected by a
local area network. One of the first of

Project Ezra facility in the Engineering
Library provides personal computers for
student use.

these clusters was set up in the engi-
neering library, and the network of
twenty-two IBM PCs is now being used
for assignments in at least fifteen
engineering courses. Special facilities
equipped by Project Ezra include an
instructional laboratory in integrated
mechanical analysis that will open this
spring. Initially this laboratory will be
(continued on page 16)



The notorious "Octopus" intersection in
Ithaca's West End was a real-life
problem tackled by freshmen in the
fall-term course Computer-Aided De-
sign in Environmental Systems.

How to improve the traffic situation
in that area has been studied by city,
town, county, and state officials for
some years and the issue has generated
much controversy among groups of
citizens. Debate concerns such matters
as the relief of traffic congestion, the
economic impact on downtown busi-
nesses of development in the West End,
and how to provide better access to the
hospital, which is located beyond the
West End intersection and across rail-
road tracks. This spring the New York
State Department of Transportation is
to propose a solution that the City of
Ithaca can accept or reject, and in
preparation the city, the Town of
Ithaca, and Tompkins County commis-
sioned a study to complement the state's
environmental impact analysis. Thomas
Niederkorn of a local consulting firm
undertook the study and he enlisted
Tony Richardson to assist in the
analysis of traffic impacts.

This is where the class project came
in. Richardson is a visiting associate
professor in the Cornell Department of
Environmental Engineering, and he
decided to assign the "Octopus" problem
as a case-study project in the computer-
aided-design course.

In an introductory lecture, Nieder-
korn outlined the background of the
problem and gave the students a feeling
for its social, economic, and political
aspects. Class lectures by Richardson
concerned the use of computer-based
models in transportation planning, and

Tony Richardson works with a group of his
freshman students in the environmental
engineering course on computer-aided
design. The facility used for the class project
is in the Engineering Library in Carpenter
Hall. Equipped with IBM PCs, this facility
accommodates a number of classes and is
open for general student use.

the students were given specific assign-
ments related to Ithaca traffic problems.
They collected field data on traffic flows
and used a computer model to evaluate
certain proposed solutions for the
"Octopus," particularly the construction 14
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of a second bridge and an overpass over
the railroad. As part of that evaluation,
some students investigated how the
timing of traffic signals at nearby
intersections could be adjusted to best
relieve traffic congestion. Others studied
the effects of creating one-way streets in
certain sections. Some considered how
constructing the bridge in a different
place would affect traffic patterns. Later
this year the students may be able to see
how their ideas correspond with the
plan that is actually adopted.

Basically, the course attempts to

show freshmen how computer-aided
design may be used in environmental
engineering, and is an attempt to
provide a context for some of the more
technical subjects they will cover as
upperclassmen. "Given the large number
of science courses taken in the first two
years," Richardson commented, "this
course serves as a reminder to the
students that they are really enrolled in
an engineering program in which the
purpose is the application of scientific
knowledge for the betterment of the
community."

The tentacles of Ithaca's "Octopus" consti-
tute segments of four state routes and a
number of city streets, including three major
arteries. As shown in this 1973 aerial
photograph, a single bridge crosses a flood-
control channel that was built in 1967. Three
older bridges cross the inlet to Cayuga Lake.
West of the channel, the road heading
straight up in the photograph (Route 96)
leads to the hospital.

All the proposed plans include at least
one new bridge over the channel. Other
options are a four-lane highway that would
become Route 96 north, and additional
bridges.



The omnipresence of computers is illustrated
by this scene in an agricultural engineering
laboratory.

(continued from page 13)
used by undergraduates in mechanical
engineering and operations research,
but it will also be available for class
work in other disciplines.

The College of Engineering has pro-
vided facilities in addition to those ad-
ministered by the university. An early
achievement was the establishment in
1981 of the Computer Aided Design In-
structional Facility (CADIF). (This is
described in the following article by
Anthony R. Ingraffea and Catherine
Mink.) Throughout the college, com-
puting equipment has been provided
through corporate gifts and discounts
worth millions of dollars; in addition to
IBM, Westinghouse, and Xerox, the
donors are Apple, AT&T, Digital Equip-
ment, Hewlett-Packard, and McDon-
nell Douglas. Alumni have also helped.

For example, the 1960 class in chemical
engineering gave $85,000 toward equip-
ment for an undergraduate computing
laboratory in Olin Hall.

A TOUR OF INSTRUCTIONAL
COMPUTING LABORATORIES
When the Engineering College Council
met this fall for its semiannual meeting
on campus, the members were offered
tours of some of the instructional com-
puting facilities in the engineering
buildings. Some of the facilities—
CADIF and the microcomputer centers
in the engineering library and in Hollis-
ter Hall—serve students across the col-
lege. The others are representative of
the computing laboratories that have
been set up by schools and departments.

At CADIF the visitors saw a demon-
stration of a robot simulator, IGRIP,

that can display and move complex,
realistic robots in real time, detecting
potential collisions and near misses. It
can be used to help design new robots.

At the School of Chemical Engineer-
ing, council members visited the In-
structional Computing Facility, recently
installed in renovated space. The equip-
ment consists of nine personal compu-
ters of various makes, and associated
peripherals. The laboratory is open
twenty-four hours a day, seven days a
week, and offers consultation services
from 2 to 10 p.m. every day except Sat-
urday. The emphasis is on the use of
computer graphics as an aid to instruc-
tion. Teams consisting of a professor
and graduate and undergraduate stu-
dents work together to produce soft-
ware packages that make course
material more comprehensible and offer 16



". . .computers for undergraduates
to use in their course work seem to be
everywhere these days."

the opportunity for students to perform
"experiments" that broaden and deepen
their understanding of topics covered in
lectures. Software aids developed so far
are in the areas of process control,
transport phenomena, and thermody-
namics. Commercially available pack-
ages in areas such as kinetics and the
simulation and design of chemical pro-
cesses are also used.

The tour also included Phillips Hall,
where council members visited the Mac-
intosh facility of the School of Electrical
Engineering. This is used by students in
the introductory course in digital sys-
tems design; self-paced laboratory work
is designed to reinforce concepts intro-
duced in class. Using LogicWorks, a
digital systems simulator for the Mac-
intosh, students perform a set of five
experiments, including two small design
projects. The facility includes a network
of eleven desktop computers, a hard
disk, and a laser writer.

A facility that will be used in teaching
computer-aided logistics was demon-
strated by the Cornell Manufacturing
Engineering and Productivity Program

17 (COMEPP), which has strong ties to

the School of Operations Research and
Industrial Engineering and the Sibley
School of Mechanical and Aerospace
Engineering. This laboratory was estab-
lished for the Integrated Mechanical
Analysis Project (IMAP); the Project
Ezra facility to open this spring will
provide similar resources for under-
graduate instruction. Of particular in-
terest is a decision support system called
COSMOS (Cornell Simulator of Manu-
facturing Operations) which, combined
with CAD/CAM (computer-aided de-
sign and computer-aided manufactur-
ing), will provide a means for system-
atically reducing design and production
lead times and for effectively planning
and controlling manufacturing re-
sources and material flow. Also demon-
strated was a CAD/CAM software
product called CATIA that is being
used for instruction as well as research.
The software has the ability to perform
both surface and solid modeling and to
produce machine instructions from the
geometric models. The numerical con-
trol (NC) code produced in this way can
be transferred to the adjacent machine
shop and the parts actually cut.

The use of computers in laboratory
instruction was illustrated during a visit
to the Mechanical Engineering Labora-
tory. This facility, set up for a senior
course, is equipped with HP integral
computers outfitted with adapters for
data acquisition and control. In a typi-
cal experiment, state-of-the-art data-
acquisition techniques are used to study
compressible flow phenomena. A quartz-
crystal pressure transducer, a digital
voltmeter, and the computer are used
to measure and record the supersonic
discharge rate of high-pressure dry ni-
trogen through a fixed orifice.

Actually, computers for undergradu-
ates to use in their course work seem to
be everywhere these days. Even Chris-
topher Pottle, who became the associate
dean for computing this summer, says
he isn't sure he knows yet where they all
are. And since one of the college's
priorities, announced by the dean, is an
extension of the use of computers, this
is just the beginning.



2. Why Cornell Engineers
Have Up-to-Date Design Skills

by Anthony R. Ingraffea and Catherine Mink

Cornell pioneered the use of advanced
computer graphics in engineering educa-
tion with the establishment of its
Computer Aided Design Instructional
Facility (CADIF) in 1980. For the first
time, undergraduates could learn in an
environment similar to that of a research
or top-notch industrial facility.

CADIF was founded by Professor
Donald P. Greenberg, the director of
the university's Program of Computer
Graphics. Effectively, he made the kind
of high-powered graphics devices and
applications that were being used for
research at the program's facility avail-
able for engineering instruction at all
levels.

When CADIF was set up, a unique,
expensive, special-purpose hardware
configuration made it possible for many
users to write, debug, or run graphics
programs sharing a VAX 11/780. Dif-
ferent graphics devices provided static
color or dynamic, three-dimensional
vector displays. Since that time, the
computing industry has undergone a
revolution. Today's high-powered
graphic workstations are supplying as
much computing power as CADIF's

original shared machine, plus better and
faster graphics, in a package that costs
less than a single display device did in
1980.

Now CADIF is being renewed to take
advantage of the opportunities and
meet the challenges provided by ad-
vances in computing and in the various
engineering fields. Improvements are
being made in many directions:
• new hardware
• local- and wide-area networking
• improved software and program-
development tools
• new educational applications
• more programming access for stu-
dents, and
• the establishment of Project
SOCRATES, a permanent program in
which the methods and software that
have been used with great success here
are made available to other engineering
schools.

CADIF is now under the jurisdiction
of Christopher Pottle, the college's
associate dean for computing. As the
faculty and staff coordinators, we are
directly involved in the day-to-day
operations of the facility.

THE NEW EQUIPMENT
AND HOW IT IS USED
In the past year eight new graphics
workstations, connected through the
college-wide Ethernet, have been in-
stalled and put to work at CADIF. (Six
are Digital Equipment VAXstation
GPXs and two are Silicon Graphics
IRIS 3020s.) In the very first term they
were available these machines were in
almost constant operation, both for
using existing engineering design and
analysis programs and for developing
new ones that fully exploit the power of
the equipment. A new graphics lan-
guage, HOOPS, chosen for its power,
ease of use, and transportability to a
variety of computer systems, has been
installed.

Whereas the original CADIF graphics
system was virtually unique in the
world, the single-unit workstations we
are now providing are fast becoming the
standard technology for both research
and industrial applications. CADIF has
always provided a very effective means,
and therefore a strong incentive, for
faculty members to channel the results
of research efforts directly into teaching, 18
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but now it is far easier and faster to do
so. Cornell is unique among major
research institutions in that the engi-
neering college sees fit to put substantial
resources into this link. Partly because
of this, the Cornell engineering cur-
riculum is one of the most complete and
advanced in the country, and its
graduates are highly sought-after.

Even at the undergraduate level,
students here have the opportunity for
extensive, hands-on design and analysis,
developing and using what will be the
tools of their trade. Computing and
graphics allow them to solve real
problems in real time. The drudgery of
repetitive calculations is removed and
their minds are freed for thinking about
the state-of-the-art analytical principles
being presented. They can carry com-
prehensive projects all the way through
preliminary design, parameter studies,
feasibility studies, optimization, detail
design, simulation, and final presenta-
tion. For example, in one advanced
computer-aided design course in mechan-
ical engineering (489), the students
design and simulate 12-meter yachts,
which they then race against each other

A hove: The Computer-Aided Design In-
structional Facility (CADIF) in Hollister
Hall provides state-of-the-art equipment for
course assignments in every department.

Below: At this CADIF workstation, electri-
cal engineering students are laying out an
integrated circuit. Real chips are built
according to a computer tape and returned
to the class for testing.



". . .you can't
understand

the limitations of
a robot's motion

without seeing
it move."

The best way to learn real-time interactive
design and analysis is to use a computer-
graphics program. Here a student has
created a structure and a finite-element mesh
to use in analyzing it.

in a REAL-TIME regatta: each group's
workstation is used to both control their
boat and display the entire field of
boats, in full color and 3D, from their
viewpoint, using information received
from the other stations via a high-speed
network.

This is a kind of learning experience
that couldn't even have been imagined
five years ago. Yet it is only an example,
however dramatic, of a fact that has
been proven at CADIF a hundred times
over: graphics and dynamics are very
effective teaching tools, aiding in the
visualization of concepts and efficient
design, and stimulating the learner's
interest. You simply can't lay out a

complicated, many-layered integrated
circuit without seeing it in color; you
can't understand the limitations of a
robot's motion without seeing it move.

SHARING CORNELL KNOW-HOW
WITH OTHER SCHOOLS
Recently the U.S. Department of Edu-
cation provided funds that will enable
Cornell to share with other institutions
the techniques and tools that have
worked so well here. A substantial
three-year grant will finance Project
SOCRATES (Study of Complementary
Research and Teaching in Engineering
Science).

As Ingraffea and Greenberg, the
directors of SOCRATES, explain, most
engineering schools are not research
institutions and therefore their faculties
are not in a position to invent techniques
or programs for channeling research
software into teaching. But they
certainly can use what Cornell has to 20
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offer: instructional programs that are
robust, user-friendly, and well docu-
mented. They can also become familiar
with how to evaluate, adapt, and
improve applications developed at
Cornell and elsewhere.

Project SOCRATES will reach engi-
neering institutions through workshops
for faculty members. The aims are:
• to show how research software has
been and can be adapted for educational
use
• to show how instructional computing
has been integrated effectively into the
undergraduate curriculum and has
improved it
• to distribute, free of charge, existing
educational applications programs and
the tools for developing and adapting
new programs
• to provide limited support services
for implementing programs at the
participants' home institutions.
(continued on page 24)

Left: GISMO is one of the programs
available to structural engineering students
through Project SOCRA TES. Used to study
beams, frames, and trusses, it not only lets
the student analyze the behavior of the
structure under load, but also "animates"
and makes visible the mathematical process
of using matrices to describe and solve for
that behavior.

Below: FRAME3D and its companion
programs ANALYZE and INDYNBA are
used by both students and researchers to
design three-dimensional steel-framed build-
ings and investigate what they will do under
static and earthquake-type loads.



An example of how computer graphics is
used in engineering instruction is the
FRA NCprogram forfinite-element analysis,
which is now a basic tool in structural
engineering and the study of materials. The
images shown here were photographed from
the screens of workstations in CA DIF.

1-2. Here a plate is being analyzed. In (I)
the topmost window shows the plate divided
into small subareas (finite elements).
FRA NC is a particularly advanced program
in that it incorporates features of fracture
mechanics.

In (2) a graph of a particular structural
quantity has been computed and displayed.
Any of several quantities (various types of
stresses and strains) can be computed and
displayed across any line through the object
being studied.

The finite-element method would be
almost unusably laborious without a
computer to do the many repetitious calcu-
lations and an interactive, graphic program
to streamline the process of defining what is
being analyzed and displaying the results.

5
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5-5. Values of a given structural quantity
can also be computed and displayed in color
over the entire object being studied. The
analyst can choose among several different
color schemes for the best presentation of
the data, or to highlight certain features.

Graphics used at CAD/F include: (3) a
cross section through a concrete "gravity
dam " (a dam that derives its strength from
its own weight); (4) a detail near the base of
an arch dam; and (5) an enlargement of the
center of the plate shown in (I). In (4) and
(5) contours of the principal stresses are
displayed.

6-7. An aircraft door latch is analyzed in a
course exercise. In (6) the latch has been
partitioned into elements and the student
can see the deflections it will undergo when
loaded. In (7) the latch has been analyzed
and a color stress plot has been displayed—a
process that only takes about fifteen
seconds.

Computer graphics has removed or greatly
reduced the delay between posing a question
and seeing the answer; a very complete
analysis, exploring many different quantities
under different conditions, can be done in
very little time.



Ingraffea and Mink

LOOKING TO A FUTURE
OF GROWING SIGNIFICANCE
CADIF provides a capability greatly in
demand in engineering education: the
means of incorporating into course
work the use of high-performance
graphics, often in conjunction with
extensive computing. The demand has
grown steadily and shows every indica-
tion of continuing to do so. What do we
expect to report in five more years,
when we write about CADIF's third
generation?

We anticipate continuing improve-
ments in computing power, quality of
graphics, and software tools, which will
be available, affordably, to users at
every level. We expect that problems of
now-inconceivable scope and sophisti-
cation will be tackled, and that the kind
of environment and support our users
require will become very different.
Computing, especially in interactive
design and problem-solving, will be-
come a much more integral part of
students' experience, and will open up
more opportunities for substantial
research work at the undergraduate
level. Thanks to high-speed networking,
the physical presence of CADIF will be
college-wide and tapped into an ever-

expanding network of resources through-
out and beyond Cornell.

Furthermore, Project SOCRATES
will enable a substantial number of
engineering colleges in the country to
use computer graphics to improve their
teaching efficiency and expand their
curricula. We hope that communication
and a sharing of information among
participating schools will foster cooper-
ation and help raise the quality of
American engineering education.

Anthony R. Ingraffea, an associate professor
of structural engineering, is faculty coordi-
nator of CADIF, and Catherine Mink is the
college's educational computing coordinator.

Ingraffea, whose research centers on the
fracture mechanics of materials ranging
from rocks to composites for aerospace
applications, makes extensive use of com-
puter graphics in his own work, as well as in
teaching. A member of the Cornell faculty
since 1977, he holds the B.S. degree from
Notre Dame University, the M.S. from the

Polytechnic Institute of New York, and the
Ph.D. from the University of Colorado. His
experience includes two years with the
Grumman Aerospace Corporation as a
structural engineer, and he is a registered
professional engineer in Colorado. In 1984
he was one of the first recipients of the Pres-
idential Young Investigator Award, spon-
sored by the National Science Foundation.

Mink describes her duties as "managing
the day-to-day operations of the colleges
educational computing facilities and plan-
ning future growth and changes. "In addition
to CADIF, she supervises computing facil-
ities in Carpenter, Hollister, and Kimball
Halls. Mink holds a B.S. degree in electrical
(computer) engineering from the Massa-
chusetts Institute of Technology and has
done graduate work at Cornell. Before
assuming her current position in 1986, she
was an applications programmer at CADIF.
Previously she was a freelance printed-
circuit designer, an instructor in electronic
drafting at Tompkins-Cortland Community
College (near Cornell), and a programmer
at the Raytheon Corporation and at the
Smithsonian Astrophysical Observatory in
Cambridge, Massachusetts. 24



3. The New Math for Cornell Engineers

At Cornell a new way of using com-
puters in the teaching of engineering
mathematics is giving students a head
start on skills they may need on the job.
Computer programs that can handle the
symbolic equations of algebra and
calculus are used for homework assign-
ments, much as industries are beginning
to use these methods in the workplace.

Three professors in the Department
of Theoretical and Applied Mechanics—
Richard H. Lance, Richard H. Rand,
and Francis C. Moon—introduced the
innovative teaching method over the
past three and one-half years. Cornell is
believed to be one of the first univer-
sities to introduce computer algebra —
which permits traditional algebra and
calculus problems to be done more
quickly and more accurately than by
hand—into both graduate and under-
graduate courses.

The first use was by Rand in a
graduate course in applied mathematics.
(He has since published a text on the
use of computer algebra in the context
of advanced dynamics and applied
mathematics, and has another text in

25 preparation.) Next, sixty-five students

in one section of the junior course in
engineering analysis were introduced to
the new software, getting the chance to
work interactively with a computer to
perform differentiation or integration of
complicated expressions. Since the fall
of 1985, all 550 students in the sopho-
more engineering mathematics course
have been taught with the new system,
and this year all the students in the
junior course. Implementation has
depended, of course, on the increasing
availability of computers for student
use, primarily through a multi-million-
dollar gift from IBM.

RECOGNIZING THE POWER
OF THE COMPUTER
Behind the experimental teaching
method is the awareness by educators,
particularly in engineering, that the
computer has enormous potential to
change the way professionals work and
students learn.

Engineering analysts in industry are
already using computers to make sym-
bolic computations, the Cornell pro-
fessors point out. For example, com-
puter programs have been used in the

aircraft industry to derive finite-element
models for numerical codes, and in
manufacturing plants to derive complex
equations for robot manipulations.
Indications are that in the future,
engineering analysis will be accom-
plished completely on computers, and
CAD/ CAM will incorporate symbolic
methods.

According to Moon, the impact of
computer algebra in mathematical and
theoretical work is "bound to have as
much effect as the orginal introduction
of the computer." He remarked that his
own master's degree thesis, written in
1964, required six months of extensive
algebraic calculation that could now be
done in one or two hours using
computer algebra.

As for the learning process, com-
puters are already having a strong effect
in fields across the university cur-
riculum. This is especially true in
engineering subjects. As described else-
where in this issue, the use of the
computer as a learning as well as a
professional tool is a component of the
program in every engineering depart-
ment; and the college's Computer Aided



'Computer software
that can do more

than 'crunch9

numbers is now
available on
the market."

Design Instructional Facility (CADIF)
is being used for undergraduate instruc-
tion in every field. Extension of the
educational use of computer techniques
to include the performance of computa-
tions involving algebraic and calculus
symbols is a logical development.

USING NEW SOFTWARE
IN THE MATH COURSES
Computer software that can do more
than "crunch" numbers is now available
on the market. The programs being
used in Cornell's engineering mathe-
matics courses are muMATH, which is
put out by The Soft Warehouse, and
MACSYMA (MAC'S SYmbolic MAnip-
ulation system), which was developed
at the Massachusetts Institute of
Technology a decade ago and has now
been licensed to Symbolic Corporation.

The muMATH program is one of
several that are capable of performing
symbolic as well as numerical manipu-
lations on personal computers such as
the IBM PC-XT. This is the software
used in the sophomore course, along
with a traditional textbook and the
usual syllabus. The course covers partial
derivatives, multiple integrals, first- and
second-order ordinary differential equa-
tions, vector spaces and linear algebra,
matrices, eigenvalue problems with
applications to systems of linear differ-
ential equations, vector calculus,
boundary-value problems, and an intro-
duction to Fourier series. Problems of
this kind can be so tedious to solve that
the point of an assignment may be lost
in the details of calculation; with
muMath it is the computer that per-
forms the calculations—quickly and
without error. The student is able to
tackle more difficult problems than

would otherwise be feasible to assign,
and in the process reinforces and
clarifies the underlying principles.

MACSYMA, a comprehensive and
much more powerful system that
requires a large-scale computer, is used
in the upperclass course on differential
equations (Engineering Analysis I). The
topics covered include analytical and
numerical methods, special functions,
initial- and boundary-value problems,
eigenvalue problems in linear partial
differential equations, and an intro-
duction to nonlinear ordinary differ-
ential equations. Graduate students are
also encouraged to learn MACSYMA
so they can use it in their research and
advanced courses in analysis.

ASSESSING THE EDUCATIONAL
VALUE AND PROMISE
The Cornell professors say they are
often asked whether computer-aided
algebra and calculus will produce
students with fewer mathematical skills.
They think not, since one has to know
the mathematics in order to ask the
computer to perform the operations. A
scientific analysis of the effectiveness of
the new approach has not yet been
made, but in a few years, when the
current sophomores undertake advanced
engineering courses, their ability to
handle mathematics will be tested.

As experienced teachers, the pro-
fessors believe they have achieved what
they set out to do: help students learn
better and faster, and train them in the
computing techniques they will need as
professionals. The time to accustom
future engineers to these methods is
now.
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MANUFACTURING ENGINEERING
A Strong Cornell Program in a Crucial Area

A cadre of engineers able to implement
modern manufacturing methods is a
crucial need of U.S. manufacturing
industries competing in the world
market today, and Cornell's College of
Engineering is doing something about
it. Students can prepare for effective
work in manufacturing engineering in
an innovative program that was begun
four years ago and is rapidly expanding.

This year about a sixth of the
graduating seniors in the College of
Engineering will have majored in manu-
facturing-related subjects; about one
hundred graduates with Bachelor of
Science degrees enter manufacturing
positions each year. Also graduating in
the spring will be some thirty-five
Masters of Engineering who will receive,
in addition to their degree, a Dean's Cer-
tificate in Manufacturing Systems
Engineering.

During the past year, about ten
doctoral degrees have been awarded to
candidates whose work was concen-
trated in this new specialty area, and
more are coming along. Hand in hand
with this educational impetus is, of

27 course, a vigorous program of research.

COMEPP AT THE HUB
OF THE ACTIVITY
The center of activity is the Cornell
Manufacturing Engineering and Pro-
ductivity Program (COMEPP), estab-
lished in 1982 as a cross-disciplinary
program to initiate and sustain research,
education, and outreach activities in
manufacturing systems engineering.
Diversity is built in, since manufacturing
engineering falls within no single tradi-
tional field, but rather encompasses
business organization, systems develop-
ment, and factory management, as well
as various engineering disciplines.

Spearheading the establishment of
the program were John A. Muckstadt
of the School of Operations Research
and Industrial Engineering, who is the
current director, and K. K. Wang of the
Sibley School of Mechanical and Aero-
space Engineering, who was co-director
during the early years. Other disciplines
are represented in the COMEPP organ-
ization: the associate director is Paulette
Clancy of the School of Chemical
Engineering, and the member professors
are from eight departments within three
colleges (the College of Engineering, the

Johnson Graduate School of Manage-
ment, and the College of Architecture,
Art and Planning). Of the more than
thirty faculty members in COMEPP,
the largest numbers are in mechanical
engineering (7), operations research and
industrial engineering (6), and electrical
engineering (6), but also represented are
management (4), chemical engineering
(3), theoretical and applied mechanics
(3), computer science (2), civil and
environmental engineering (1), and
architecture, art, and planning (1).

Since the nature of the program
requires especially close ties with
industry, the COMEPP membership
also includes fifteen actively partici-
pating companies. Support from re-
search agencies and industry amounts
to about $3 million a year.

THE COMEPP APPROACH:
RESEARCH AND EDUCATION
The necessity to cut across traditional
specialties in order to create a new kind
of manufacturing environment is one of
the basic tenets of COMEPP. Another
is the need to integrate the entire
manufacturing cycle in a computer-



The robotics laboratory supervised by
Professor Ming C. Leu is used for the
mechanical engineering course Funda-
mentals of Manufacturing Processes. The
student at right is experimenting with an
instructional robot to learn the teach-and-
playback function of industrial robots.
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controlled system. To achieve better
quality, productivity, and efficiency,
new techniques and procedures must be
part of an overall strategy.

Accordingly, the research program
has two predominant themes: a funda-
mental approach to the integration of
design and manufacturing techniques,
and the extensive use of computers for
controlling the manufacturing system
from concept to finished product.
Specific projects now underway are in
the areas of object representation,
materials processing, automated manu-
facture of discrete parts, automated
manufacture of integrated circuits,
robotics, and production management.

As an educational unit, COMEPP
coordinates doctoral study, establishes
internships and other educational
programs for M.Eng. students, and
stimulates the development of concen-
trations in the established undergrad-
uate field programs. A current goal, for
example, is to set up core curricula and
laboratory facilities in the rapidly
developing areas of process control and
nanoelectronics.

All these educational programs reflect
the essential cross-disciplinary character
of manufacturing engineering. M.Eng.
students are enrolled in one of the
eleven regular fields in which designated
degrees are awarded—the M.Eng.
(Mechanical) and the M.Eng. (Opera-
tions Research and Industrial Engi-
neering) are prominent choices by
students who want to concentrate in
manufacturing engineering. Similarly,
undergraduates enter field programs in
one often established disciplines, and a
concentration in manufacturing engi-
neering is arranged within the field
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THE CONCENTRATION AT
THE UNDERGRADUATE LEVEL
Early exposure to manufacturing
systems engineering is provided by an
introductory course for freshmen.
Undergraduates may further develop
their interest in manufacturing engineer-
ing by selecting pertinent courses that
satisfy degree requirements in the
humanities and social sciences. After
they have chosen a specialty field,
students can arrange a manufacturing
systems option by taking appropriate
courses as part of their field program.

In OR&IE, for example, students can
take such subjects as cost accounting,
industrial systems analysis, manufac-
turing information systems, production
planning and control, inventory and
logistics control, statistical methods in
manufacturing, and factory layout and
material-handling systems.

A key senior-level OR&IE course is
Economic Analysis of Engineering
Systems, which was offered for the first
time this year. In scope and focus, it is
broader than traditional courses in
engineering economy. While topics such
as the economic evaluation of alter-
natives, the impact of depreciation and
taxes, and the cost of capital are
covered, the course also includes discus-
sion of financial, economic, and logistics
issues in the design of manufacturing
systems. These include cash-flow anal-
ysis, the economics of multinational
production, the application of optimi-
zation techniques, system simulation,
database design for manufacturing
systems, production planning and
scheduling, and inventory control.
Some of these subjects are treated in
greater detail in other courses; the
emphasis here is on integrating them

' 'To achieve
better quality,
productivity, and
efficiency, new
techniques and
procedures must be
part of an overall
strategy.''



The CAD I CAM laboratory established for
the Integrated Mechanical Analysis Project
(IMAP) is used for instruction as well as
research. This spring a similar facility will
be set up especially for the teaching
program.

into a design experience. The major
innovation is the use of microcomputers
in case studies set up by faculty
members.

Mechanical engineering majors who
wished to concentrate on manufacturing
engineering might take courses in manu-
facturing processes, design for manu-
facture, computer-aided design, numer-
ical control, mechanical reliability, and
robotics. Courses planned or recently
introduced by other schools and depart-
ments cover microprocessor applica-
tions, nanoelectronic manufacturing,
sensors, finite-element methods, com-
puter graphics, simulation, and mater-
ials handling. Some of these came about
as a result of consultation with people
in industry.

Two facilities that are important to
the educational program coordinated
by COMEPP are the Computer Aided
Design Instructional Facility (CADIF),
which is described elsewhere in this
issue, and a CAD/CAM laboratory
that was set up for the Integrated
Mechanical Analysis Project (IMAP).
Under development is the Process
Control Laboratory, which will help

coordinate the teaching in this area
throughout the College of Engineering;
this laboratory will be operated with the
support of twelve faculty members from
six schools or departments. COMEPP
also helps support teaching and research
laboratories for robotics, stereopheno-
menology (the representation of solid
objects), and injection molding.

MEETING THE NEED FOR
TECHNOLOGIES AND PEOPLE
The aim of university programs like
COMEPP is not only to help develop
innovative manufacturing approaches
and technologies, but to aid in the
transfer of the new information and
experience.

In the Cornell program this is done
by sponsoring conferences for industrial
personnel, organizing other kinds of

meetings and consultations, distributing
reports and articles, and participating
in cooperative research projects. Com-
panies reciprocate by providing general
program funding, giving or lending
equipment, supporting projects, and
sponsoring M.Eng. internships. (This
optional internship adds up to fifteen
months of paid industrial work to the
regular M.Eng. program.)

The greatest impact of the program
may well be the education of practi-
tioners. Graduates who have been
exposed to the technologies and
methodologies of modern manufac-
turing engineering will have the broad-
based knowledge that is so necessary
for increased productivity and competi-
tiveness in manufacturing industries.

30



COMMUNICATION SKILLS
Are They a Missing Ingredient
in Engineering Education?

The ability to communicate well is
among the tools needed by an engineer,
and schools and colleges should do a
better job of equipping their graduates
with verbal skills.

Increasing signals from employers,
professors, and recent graduates sug-
gested to administrators at the Cornell
College of Engineering that this as-
sessment is valid, and last fall they de-
cided to begin to do something about it.
Recommendations drawn up for faculty
approval call for the incorporation of
writing assignments in technical courses
at all levels and the introduction of a
variety of support services.

The recommendations are based on a
thorough study initiated by Dean Wil-
liam B. Streett and Professor Richard
H. Lance, then the associate dean for
undergraduate student affairs. It was
conducted during 1985-86 by Steven
Youra, a Cornell Ph.D. in English who
has taught in, developed, and directed a
number of university writing programs
and workshops, and who was back on
campus as a visiting professor, on leave
from the University of Maine. Funding

31 for the project was provided by David

Ahl, a 1961 graduate of the college
whose career has centered on publishing
and writing.

CONSENSUS ON THE NEED
FOR COMMUNICATION SKILLS
Included in the report are the results of
a survey of faculty, students, and
alumni about the importance of writing
to the engineering profession, and the
extent to which Cornell is and should
be training undergraduates in this area.
Professors were also asked their opin-
ions on how such instruction should be
provided.

Tables I and II present some of the
information obtained. Faculty respond-
ents rated various assertions on a scale
of 5 to 1, with 5 representing strong
agreement and 1 representing strong
disagreement; similarly, a small number
of active alumni were asked to rate their
responses on a scale of 1 (minimum) to
5 (maximum). The professors who re-
sponded (about one-third of the total
number of faculty members in the col-
lege) were nearly unanimous in the
opinion that good writing skills are im-
portant to engineering (92 percent gave

this a rating of 5). Of the alumni, almost
all agreed (with ratings of 5 or 4) that
written and oral communication skills
are important in their professional
work, and 88 percent indicated (again
with ratings of 5 or 4) that writing skills
are important in their hiring and pro-
motion decisions.

This attitude is consistent with the
findings of national studies. In a 1982
survey, for example, Spretnak (see the
list of further readings) found that en-
gineers spend about two-thirds of their
time writing, editing, reading, and pre-
senting material orally. Engineering has
always involved communication with
others—team members, industrial peo-
ple, local government officials, clients
and other nonspecialists—and such in-
teraction is increasing as society be-
comes more complex.

In his Cornell report, Youra con-
cludes that engineering teachers and
practitioners are increasingly recogniz-
ing the importance of communication
skills, particularly writing, to the engi-
neering profession. "Ironically," he says,
"this acknowledgment has emerged
precisely while student writing skills in



Table 1. FACULTY EVALUATION OF WRITING IN
Cornell University College of Engineering,

THE CURRICULUM
Spring 1986

Ratings are on a scale of 1 to 5, from 1 - strongly disagree to 5 = strongly agree. A
total of 72 faculty members responded to the survey questions.

5

Good writing skills are important to engineers: 92%

—to the engineering curriculum:

Students in the college are skillful writers:

The writing component/requirement of the
Cornell curriculum needs to be strengthened
(assuming this can be done without weakening
current offerings or requirements):

What is your response to the following
possible options to improve undergraduate
writing instruction?

(a) Incorporation of writing into selected
engineering courses:

(b) Development of new composition
courses geared to engineers:

(c) Increased use of existing courses/facilities
outside of the college:

The development of oral presentation skills is
an important part of engineering education:
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6
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all fields have significantly declined."
Actually, a connection between these
two developments—the decline in writ-
ing facility and a heightened awareness
of its value—seems likely.

How well is Cornell's engineering
college preparing students for this as-
pect of an professional career? The as-
sessment by the faculty of their students'
writing skill (Table I) is not encourag-
ing, and neither is the rating given by
alumni (Table II) to the adequacy of
Cornell engineering education in this
regard. Not many students were sur-

veyed, but Your a reports that most of
those who were indicated that they
would like more help in improving their
writing. Comments by students return-
ing to campus from co-op jobs in indus-
try provide another indication of how
students feel about this aspect of their
education: frequently they observe that
their jobs entailed a considerable
amount of writing, for which they felt
inadequately prepared.

Of course, as Youra points out, some
engineering students are very able com-
municators: some excel in forensic

Tables land II present the results of surveys
of faculty members and a sampling of
alumni.

In both surveys, the respondents were
invited to make comments or recommenda-
tions—responses that could not be given in
tabular form.

Specific questions asked of the faculty are:
How much writing (if any) do you assign in
courses you teach? What kind(s)? Would
you integrate (more) writing into your
courses if you could rely on the assistance of
support staff? What suggestions do you have
for improving student writing / communi-
cations? Do you know what other institu-
tions are doing to address this matter?

The alumni were asked to describe the
kinds of writing they do, and to make
suggestions.

competition and others produce the
outstanding magazine, Cornell Engi-
neer. Still, like their peers in other dis-
ciplines, typical engineering students
have difficulty with verbal expression.

WRITING IN THE CURRENT
ENGINEERING CURRICULUM
During the freshman year, every student
in the College of Engineering takes two
seminar courses that are writing-
intensive and limited to a maximum of
seventeen students. These seminars are
selected from a large number offered by
faculty members in various departments
of the College of Arts and Sciences, and
the writing assignments have the benefit
of being focused on a particular subject
area that is presumably of interest to
the student. According to Youra, engi-
neering faculty members are generally
satisfied with the freshman seminar
program, since it provides "writing-
intensive instruction early in the aca- 32



Table II. ALUMNI SURVEY ON WRITING IN THE CURRICULUM
Cornell University College of Engineering, Spring 1986

Ratings are on a scale of 1 to 5, from 1 = minimum to .
number of respondents is 32.

How important are written and oral
communications to you as an engineer?

How well did Cornell prepare you for these
aspects of your work?

From your experience, rate the need (if any) to
improve Cornell undergraduate engineering
instruction in writing:

In your capacity as manager or administrator,
to what extent do you consider writing skills in
hiring or promotion decisions?

5
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6

34

38

5 = maximum.

4
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50

3
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10

9

2

0%

31

3

3

The

1

0%

6

6

0

total

?

3%

6

6

0

demic career, while exposing students
to liberal arts perspectives, methodolo-
gies, and values."

After the first year, however, very few
engineering students do much if any
writing. This is partly because the stu-
dents tend to choose courses that won't
require much writing; they often per-
ceive writing assignments as time-
consuming and onerous, and probably
are not yet aware of how essential
communication skills are to engineer-
ing. Besides, even if elective courses en-
tail written work, they usually provide
little instruction in writing.

The fact is that very few courses cur-
rently offered on campus meet the spe-
cific writing needs of engineering
undergraduates. The Department of
Communication Arts offers one class in
scientific/engineering communications
and a large many-sectioned course in
oral communications, but few engineers
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support service is the walk-in Writing
Workshop, which some engineering
students do use—about 15 percent of
the walk-in clientele are from the engi-
neering college. (Most of these are
freshmen, presumably seeking help with
freshman-seminar assignments.)

In the College of Engineering, about
one-third of the faculty members re-
quire a minimal amount of writing, us-
ually in the form of literature reviews,
short essays, problem analyses, lab
writeups, or technical reports. In
general, though, there is little written
work and oral presentations are even
more rare. Some of the senior labora-
tory courses require writing, but there
are big variations in what and how
much is assigned and in how carefully
the work is reviewed and corrected.

Half the surveyed faculty members
include virtually no writing in their
courses, and they offered various ex-
planations for this. A chief reason is the

pressure on both student and teacher to
cover a large amount of material. Some
professors find it difficult to see how
their subject matter would lend itself to
writing assignments. And some feel that
their expertise lies elsewhere or that they
should not spend a great deal of time
and energy correcting writing mistakes.

SURVEYING THE OPTIONS
FOR ENGINEERING SCHOOLS
Many solutions have been proposed
and tried at institutions around the
country, and Youra's report describes
some of them. They include the intro-
duction of special courses in technical
writing, the provision of support ser-
vices such as walk-in writing clinics or
tutorials, or—the broadest solution—
the integration of written and oral
communication into existing courses.

A traditional approach is to depend
on departments outside the field to
teach communications. In his research
Youra found, for example, that all en-
gineers at Princeton must take one
literature or philosophy course that re-
quires essay writing. At the University
of Illinois at Urbana-Champaign,
freshman engineers must take a course
in rhetoric taught by the English de-
partment. At some institutions, such as
the University of Wisconsin at Madi-
son, entire departments staffed by
technical communications specialists
have been formed; a senior-level course,
for example, covers the writing of ap-
plication letters and resumes, proposals,
and technical reports, and experience in
oral presentation.

Writing clinics exist in a wide range
of modes. Some dispense verbal first-
aid, some go beyond emergency service
to the organization of credit courses,



Youra

"Writing. . .is not a separable skill
which—once mastered—can be applied

to particular situations.'

some offer workshops, and some pro-
vide services to supplement regular
classes. At North Carolina State Uni-
versity, for example, writing specialists
accept invitations to give lectures in en-
gineering classes, and are available to
advise faculty members on the design
and evaluation of writing assignments.
A well-run peer tutoring program can
be effective, since fellow students un-
derstand the educational context of
writing problems and have a ready rap-
port with those seeking help.

Coordination of instruction in tech-
nical writing with the regular engineer-
ing courses has been tried in various
ways. At the University of Washington,
for instance, the Program in Scientific
and Technical Communications is lo-
cated within the engineering college, and
undergraduates can take a technical writ-
ing course that is taught in close conjunc-
tion with upper-level engineering courses.

An advantage of including writing as
an intrinsic part of engineering educa-
tion is that verbal communication is es-
tablished as one of the basic tools of
engineers, not a bothersome "extra." It

is even possible to assign students
communications problems that come
directly from industrial practice, much
as engineering design assignments are
increasingly drawn from "real life" in-
dustrial problems.

Writing practiced in the context of
technical learning has a more funda-
mental educational value as well, for it
helps develop the analytical and organ-
izational skills needed in engineering
design and all other aspects of scientific
and technical endeavor. It actually helps
the student learn technical subject mat-
ter and the "engineering approach" to
problems. As Youra remarked, "writing
(or more precisely, 'writing/revising') is
not a static product, but an active pro-
cess of composing and reformulating. It
is not a separable skill which—once
mastered—can be 'applied'to particular
situations. Writers fully immerse them-
selves in a subject, as verbalization re-
quires them to clarify ideas, to arrange,
explore and reshape concepts—in short,
to understand."

A practical advantage is that when
instruction and practice in writing is in-
corporated directly into the structure of

the technical courses, students do not
have to make room in their programs
for special courses in writing, passing
up technical courses they would like to
take, or substituting for liberal arts or
social science electives.

Perhaps the biggest benefit of all is
that students write about the subjects
they are most interested in, and can
perceive the relevance of the writing as-
signment to their future professional
activity. When it comes to improving
skill in writing—or in anything else, for
that matter—motivation is a powerful
factor.

WHAT STEPS SHOULD
THE COLLEGE TAKE?
The recommendations set forth in
Youra's report are:
• Incorporate writing in various tech-
nical courses at all levels. To do this
without shifting away from the subject
material or draining professors' time,
different approaches are needed at
different levels.

At the underclass level, each engi-
neering field could earmark certain
courses as "communications intensive," 34



and require each student to take one of
them. New faculty and staff members
who are specialists in engineering
communications could provide support
services and help in needed course revi-
sion. Assignments could include, for
example, written and oral presentations
by student R&D teams. The idea would
be to teach students to use communica-
tions skills in solving engineering
problems.

At the upperclass level, a required
course, Workshop in Professional
Communications, is recommended.
Sections would be taught by communi-
cations staff members in conjunction
with a "paired" senior laboratory or
other advanced course. Individuals and
teams would prepare written and oral
communications (such as memos, anal-
yses, proposals, and reports) that drew
upon the technical course material. The
workshop would also teach basic visual
presentation techniques.

Inclusion of modest writing and
speaking exercises would be encouraged
in other courses, even those that are not
fundamentally "verbal." Students could
be required, for example, to outline
readings, write out questions, keep
course journals, or write answers to
questions posed by the instructor.
• Provide a variety of support services
and resources. These could include tu-
torials, instructional handouts, newslet-
ters, and colloquia, possibly handled
through the university's Writing Work-
shop program. Also, a program to train
engineering students as tutors could be
instituted; such a program might carry
academic credit and help not only those
being tutored, but the tutors themselves,
who might consider careers in technical

35 writing and editing.
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Communications faculty members
could also assist the Engineering Co-
operative Program and the Engineering
Placement Office personnel in their on-
going efforts to help students learn to
write better resumes and letters of ap-
plication and to present themselves well
in job interviews.

A further possibility would be to look
into the feasibility of using text-
evaluation software to guide students in
their writing assignments.
• Establish a small communications
staff headed by a director of communi-
cations instruction with faculty standing.
In addition to developing, managing,
and monitoring the overall program,
the director would head a faculty com-
mittee on communications instruction.

FACULTY SUPPORT:
THE CRUCIAL ELEMENT
A "small but important caveat" in-
cluded in the report to the college is
that engineering teachers themselves
must value good writing if any measures
designed to improve students' commun-
ications skills are to be successful. As
one faculty member commented, "The
faculty must set good standards and
then let the students know that good
communications skills are important. If
everything is expressed in mathematical
language or in 'computerese,' good
written and oral communications skills
go down the drain." Also needed is clear
recognition, by the college and by col-
leagues, that communications instruc-
tion is an important faculty endeavor.

If verbal skills become a clear educa-
tional priority, the report claimed, stu-
dents' abilities in this area will improve
substantially. The goal is to make the
ability to communicate well an intrinsic
aspect of the excellence of Cornell
engineers.



COMMENTARY

A Decline in Innovation Among Engineers:
Possible Causes and Solutions

by Michael W. Strausser and Pamela G. Strausser

Many United States companies have a
problem with declining innovation on
the part of their research, design, and
development (R,D&D) engineers, a de-
cline that may be partly to blame for
the firms' decreasing share of global
markets. The concern of business lead-
ers is evident in the seminars and litera-
ture addressing the problem. Often
companies seek outside assistance when
actually, solutions may be better found
by looking within.

What is causing this decline in inno-
vation? Two basic reasons are suggested
by research into the problem: the mi-
gration of engineering professionals into
the ranks of management, and organi-
zational structures that fail to make the
best use of engineers.

SHOULD ENGINEERS BECOME
COMPANY MANAGERS?
In today's technological society organi-
zations truly need technically literate
managers. These are actively recruited
from the ranks of high-performing
R,D&D engineers by rewarding excel-
lent performance in a technical role with
promotion into management.

In many companies, this migration is
further stimulated by the reward sys-
tem. Experienced engineers are often
paid little more than those at entry level,
which sends a clear signal to engineers
that experience in a technical role is not
highly valued by the organization.
Managers, on the other hand, do not
experience wage compression to the
same extent and are generally paid sig-
nificantly more than engineers. The in-
equity extends to nonmonetary areas as
well. Frequently the status of engineers—
represented by such things as titles, de-
sirable office space, and quality and
availability of support staff—is lower
than that of managers.

An obvious drawback of this type of
reward system is the adverse effect it
can have on a company's strength in
engineering. If the company values its
R,D&D engineers, then rewards, both
compensation and perquisites, should
confirm that valuation. Given the pos-
sibility of attaining equal rewards and
status as either a manager or a techni-
cally contributing engineer, the indi-
vidual may be more likely to follow the
career path that best suits him or her.

AVOIDING THE TECHNICAL
OBSOLESCENCE OF ENGINEERS
During the 1960s, industrial organiza-
tions began to discuss what impact the
rapid introduction of new technologies
would have on engineers. It was widely
believed that an engineer was "state of
the art" upon graduation but began to
lose the ability to make a technical con-
tribution as time passed. This loss of
ability was referred to as technical ob-
solescence and researchers even began
to quantify it: the period after which an
engineer would be half as technically
astute as at graduation was termed the
half-life. Various half-life figures rang-
ing from four to fifteen years were pre-
valent throughout the 1960s and 1970s.

Central to the belief in obsolescence
is its inevitability. Fear of becoming
obsolete may be one cause for the mi-
gration of R,D&D engineers into man-
agement, because while technical
accomplishments are very measurable
and decreased technical ability would
be quickly recognized, technical skills
are rarely the basis upon which manag-
ers are evaluated.

It should be obvious, however, that a 36



"[A basic reason] is the migration
of engineering professionals
into the ranks of management."

reputable engineering curriculum does
more than arm the engineer with a set
of facts. It provides a foundation for
understanding a problem and a meth-
odology for approaching a solution that
are applicable regardless of the current
state of technology. This process does
not become obsolete. Rather, the range
of possible solutions expands or
changes. There is no proof that tech-
nical obsolescence is inevitable or
inherent in the profession. Research
indicates that when it does occur, it may
be the result of job assignments that do
not keep the individual abreast of the
latest technologies.

CONSIDERING PERSONALITY
TRAITS OF ENGINEERS
The tendency of people in the same oc-
cupation to have similar personalities
has been shown in research. Among the
traits that have been identified as com-
mon to R,D&D engineers are the fol-
lowing: the desire to develop further
technical expertise; commitment to the
profession more than to the organiza-
tion; less interest in social interaction

37 than is shown by people in various other

occupations; motivation by technical
challenge rather than managerial issues;
and a desire to be recognized for expert-
ise rather than for leadership or power.
Some research suggests that such ten-
dencies guide career decisions and
influence long-term goals.

Although a company cannot control
or modify the personalities of its
R,D&D engineers, it can be sensitive to
their inclinations and motivations and
establish an open dialogue. This may
have two positive results. It may help
the company decide which engineers are
suited to the role of manager and which
should be encouraged to further de-
velop their skills as technical contribu-
tors. And it may help the company
identify organizational factors that are
inhibiting innovation.

DIFFERING PERCEPTIONS
OF THE ENGINEER'S ROLE
Innovation may be inhibited if the en-
gineers' concept of what they are sup-
posed to do differs greatly from that of
the company. Many engineers view
themselves as scientists who fulfill crea-
tive, scientific needs. The organization,

on the other hand, may view the engi-
neer as a multi-talented technical re-
source, responsible not only for product
concept and design, but also for the
myriad details necessary and inherent
in production. It is for these details that
engineers are often not particularly well
suited or motivated.

Differences in expectations may be
downplayed during the hiring process.
In their wish to employ engineers with
the best qualifications, organizations
are apt to stress those aspects of a job
that conform to what the applicant
hopes to find. Many engineers expect
to spend a large percentage of their time
on technically challenging projects, and
reality may be very disappointing. If
R,D&D engineers are relieved of routine
duties, they will have more time to be
creative in designing new and innovative
products. Such a policy might even help
prevent obsolescence.

WHAT COMPANIES CAN DO
TO FOSTER INNOVATION
Organizations that value managers more
than technical contributors naturally
spend more time and energy developing



managerial resources than developing
technical ones. Mentorship, for exam-
ple, is a development tool that has been
given a great deal of attention in busi-
ness and academic literature. A mentor
helps promising young people develop
more rapidly and more completely than
they would otherwise. But while com-
panies encourage mentorship for man-
agerial candidates, there appears to be
no such system to foster the develop-
ment of technical innovators.

Interaction with other professionals
is another benefit that companies are
apt to provide for managers but not for
engineers. Companies would do well to
recognize that engineers may need to
consult with fellow professionals, and
not only with those working on the
same project. Brainstorming can be a
significant part of the creative process;
without frequent interaction among the
technical staff members, opportunities
for developing good ideas may be lost.

Another way to help make technical
careers as attractive as those in manage-
ment is to have a technical career ladder
that is equivalent to the managerial
ladder in opportunity, status, and pay.
The tendency to place a higher value on
managerial skills creates not only a
financial liability for engineers, but a
perceived stigma. The engineering side
of the house may even serve as a
dumping ground for failed managers
whom the company wants to isolate
from business decisions.

The low visibility of top jobs on the
technical side, as compared to the mana-
gerial side, is a further deterrent. People
have been conditioned to associate sta-
tus with scope of authority; top techni-
cal personnel, however, tend to concen-
trate their efforts. The company can

improve this situation through better
communication—the R,D&D engineers
should be given a clear indication of
potential career paths and the status of
technical positions. Of course, there
must be top positions available for the
most esteemed engineers.

The point we wish to make is that
many of the factors contributing to de-
cline in innovation can be influenced by
the organization. If companies are ser-
ious about correcting this problem, they
must recognize that they may have in-
advertently contributed to it and that as
a result, they hold a key to its solution.

Michael W. Strausser, a Cornell electrical
engineering graduate, is a partner in Hugh
Keegan and Associates, an advertising
agency in Cortland, New York. Previously,
he worked in various engineering and tech-
nical management capacities for E. I. du
Pont de Nemours and Company, SCM
Corporation, and, most recently, Welch
Allyn, Inc. He earned the B.S. degree in
1975 and the M.Eng. (Electrical) in 1976.

Pamela G. Strausser is a compensation
and benefits specialist for Welch Allyn, Inc.
She has also held a variety of managerial
and human-resource positions. She received
her B.A. degree from Harvard University in
1975 and the M.S. in human resource man-
agement from Cornell in 1986.

The authors commented that this article
"is based upon research, observation, and in
part on a study of Cornell electrical engi-
neers who received B.S. degrees between
1970 and 1980." The study constituted
Pamela Strausser's M.S. thesis. 38



REGISTER
Hillman

• The eighteenth College of Engineering
professor to receive a Presidential
Young Investigator Award is Lloyd
Hillman, who joined the electrical
engineering faculty last fall. His research
is in laser dynamics and nonlinear
interactions between light and matter.

Two hundred PYI awards are granted
annually by the National Science
Foundation. They provide research
support for five years: A direct grant
from NSF is supplemented by matching
funds for any industrial support, up to
a total of as much as $100,000 a year.

Hillman studied for the Ph.D. at the
University of Rochester's Institute of
Optics. Before coming to Cornell, he
worked for two years at the Kodak
Research Laboratories.

• Awards from professional societies
were received recently by five college
faculty members.

Keith E. Gubbins and Michael L.
Shuler of the chemical engineering
faculty were honored for their research
contributions. Gubbins won the Chi
Sigma Award of the American Institute
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ceived the Marvin J. Johnson Award in
Microbial and Biochemical Technology
from the American Chemical Society.

The computer science faculty also
had two honorees. David Gries received
the Education Award from the Ameri-
can Federation of Information Process-
ing Societies. John E. Hopcroft,
together with Robert E. Tarjan (a
former graduate student who is now on
the Princeton University faculty), re-
ceived the Turing Award of the Associ-
ation for Computing Machinery for
their contributions to the development
of theoretical computer science.

Daniel P. Loucks received the Julian
Hinds Award of the American Society
of Civil Engineers for research in water
resources engineering.

• Recognition for outstanding profes-
sional papers has been given to two
faculty members at the college.

Arthur H. Nilson, professor of struc-
tural engineering, received the Wason
Medal from the American Concrete In-
stitute for his paper, "Design Implica-
tions of Current Research on High-
Strength Concrete." It was selected

from about 250 papers published in
1985 by the institute. Nilson has the
added distinction of being the first per-
son to receive the award twice in a row;
the last winning paper was by Nilson,
colleague Floyd O. Slate, and Salvador
Martinez.

Robert W. Kay, associate professor
of geological sciences, was an author of
a paper selected as a Citation Classic (a
publication with a high number of ci-
tations in the professional literature).
The paper, "Chemical Characterizations
and Origin of Oceanic Ridge Volcanic
Rocks," was written with J. Hubbard
and P. Gast and published in the
Journal of Geophysical Research in
1970.

• Leadership positions in professional
societies are being assumed by Gerald
Salton, professor of computer science,
and Francis C. Moon, professor of
theoretical and applied mechanics.
Salton was elected director-at-large of
the American Society for Information
Sciences. Moon is vice president and
president-elect of the Society of Engi-
neering Science.



• Goeffrey S. S. Ludford, professor of
applied mathematics in the Department
of Theoretical and Applied Mechanics
since 1961, died at the age of fifty-eight
on December 11, 1986.

At Cornell he was also the first direc-
tor of the recently established Mathe-
matical Sciences Institute. He was instru-
mental in organizing the effort to win
the major federal grant that brought the
institute to Cornell. Ludford was a
member of the graduate Field of
Applied Mathematics and recently was
elected a professor in the Department
of Mathematics.

Ludford was born in London, Eng-
land, and received bachelor's, master's,
and doctoral degrees at Cambridge
University. While at Cambridge he was
a member of the crew that won the
Grand Challenge Cup at Henley and the
Oxford-Cambridge Boat Race.

Before beginning graduate study,
Ludford spent two years at Harvard
University as a research assistant. Be-
fore joining the Cornell faculty, he held
professorships in mathematics and in
aeronautical engineering at the Institute
for Fluid Dynamics and Appled Mathe-
matics at the University of Maryland.
He had also been a visiting professor in
applied mathematics at Brown
University.

Ludford specialized in the application
of mathematics to fluid phenomema in-
cluding magnetohydrodynamics and com-
bustion. He was an author of four
books, including Theory of Laminar
Flames and Lectures on Mathematical
Combustion, both written with his
former student J. D. Buckmaster and
published in 1982 and 1983, respec-
tively. He also published more than one
hundred sixty research papers.

Ludford

At Cornell he established a number
of courses in applied mathematics that
have been basic to the education of
hundreds of graduate students, and he
supervised the thesis work of more than
twenty doctoral candidates.

He was a recipient of a Guggenheim
fellowship, a National Science Founda-
tion senior postdoctoral fellowship, and
a von Humboldt Foundation award. He
was also a Fulbright-Hays scholar and
a United Kingdom Science Research
Council senior visiting fellow at Cam-
bridge. He was a fellow of the Cam-
bridge Philosophical Society and a
member of numerous professional
societies.

Ludford is survived by his wife,
Pamela, who is an associate professor
of vegetable crops at Cornell, and by
two daughters, five grandchildren, and
a brother.

• Several deaths occurred recently
among emeritus professors.

Arthur J. McNair of the civil and en-
vironmental engineering faculty died
October 31 at the age of seventy-two. A
specialist in surveying and photogram-
metry, he came to Cornell in 1949 and
retired in 1979.

John R. Moynihan, professor emeri-
tus of theoretical and applied mechan-
ics, died December 15. He was educated
at Cornell and was on the faculty from
1929 to 1971, at one time serving as
chairman of the Department of Mate-
rials. He was eighty years old.

Byron Saunders, a faculty member
from 1947 to 1979, died January 4,
1987, at the age of seventy-two. He
served as first director of the School of
Industrial Engineering and Operations
Research, and subsequently, until his
retirement, he was dean of the univer-
sity faculty.
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FACULTY
PUBLICATIONS

Current research activities at the Cornell Univer-
sity College of Engineering are represented by the
following publications and conference papers that
appeared or were presented during the four-
month period April through July, 1986. (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
ENGINEERING

Bartsch, J. A., N. B. McLaughlin, and R. E. Pitt.
1986. A computerized control and data acqui-
sition system for a universal testing machine.
Journal of Texture Studies 17:315-30.

Campbell, J. K. 1986. Design and development of
small farm equipment to simplify fabrication,
operation, and maintenance in developing countries.
In Small farm equipment for developing countries,
pp. 505-13. Manila, Philippines: International
Rice Research Institute.

Feng, Y., and G. E. Rehkugler. 1986. A mathe-
matical model for simulation of tractor sideways
overturns on slopes. Paper read at 1986 summer
meeting, American Society of Agricultural
Engineers, 29 June-2 July 1986, in San Luis
Obispo, CA.

Gao, Q., R. E. Pitt, and A. Ruina. 1986. A model
to predict soil forces on the plough mouldboard.
Journal of Agricultural Engineering Research
35:141-55.

Gates, R. S., R. E. Pitt, A. Ruina, and J. R.
Cooke. 1986. Cell wall elastic constitutive laws
and stress-strain behavior of plant vegetative

41 tissue. Biorheology 23:453-66.

Gebremedhin, K. G. 1986. SOLVER: An inter-
active structures analyzer for micro-computers.
Applied Engineering in Agriculture 2(1): 10-13.

Gebremedhin, K. G., and W. W. Irish. 1986.
Ultimate load-deflection characteristics and
failure modes of ceiling diaphragms for farm
buildings. Wood and Fiber Science 18(3):512-26.

Gebremedhin, K. G., and F. E. Woeste. 1986.
Diaphragm design with knee brace for post-frame
buildings. Transactions of the ASME 29(2): 538-42.

Hunter, J. B., and J. A. Asenjo. 1986. Structured
and simple models of enzymatic lysis and disrup-
tion of yeast cells. In Separation, recovery, and
purification in biotechnology, ed. J. A. Asenjo
and J. Hong, pp. 9-31. American Chemical
Society Symposium Series, no. 314. Washington,
DC: ACS.

Jewell, W.J. 1986. Energy from pollution control
processes: Status and future. Paper read at 13th
Energy Technology Conference and Exposition,
19 March 1986, in Washington, DC.

Jewell, W. J., R. J. Cummings, A. M. Foster, and
B. K. Richards. 1986. Engineering design consid-
erations for methane fermentation of energy
crops. Gas Research Institute report no. 2.
Chicago, IL: GRI.

Legrand, R., and W. J. Jewell. 1986. Continuous
anaerobic digestion of high solids biomass:
Modeling and experiements. Paper read at 10th
Conference on Energy from Biomass and Wastes,
9 April 1986, in Washington, DC.

Lin, T.-T, and R. E. Pitt. 1986. Rheology of
apple and potato tissue as affected by cell turgor
pressure. Journal of Texture Studies 17:291-313.

Oaks, R. L, and T S. Steenhuis. 1986. The relay
adapter card user's manual. Water Management
Synthesis Project report no. 47. Washington, DC:
U.S. AID.

Pitt, R. E. 1986. Dry matter losses due to oxygen
infiltration in silos. Journal of Agricultural
Engineering Research 35:193-205.

Rehkugler, G. E, and D. J. Aneshansley. 1986.
Vision systems in food processing. Sensors: The
Journal of Machine Perception 3(6):6,8-10,12-13.

Steenhuis, T. S., and W. H. van der Molen. 1986.
The Thornthwaite-Mather procedure as a simple
engineering method to predict recharge. Journal
of Hydrology 84:221-29.

Timmons, M. B. 1986. Modeling the interaction
between broiler performance and building environ-
ment. Poultry Science 65:1244-56.

• APPLIED AND
ENGINEERING PHYSICS

Betzig, E., A. Harootunian, A. Lewis, and M.
Isaacson. 1986. Near-field diffraction by a slit:
Implications for superresolution microscopy.
Applied Optics 25(12): 1890-1900.

Durbin, S. M., L. E. Berman, B. W. Batter man,
and J. M. Blakely. 1986. X-ray synchrotron white
beam excitation of Auger electrons. Scanning
Electron Microscopy 3:1099.

Gross, D., and W. W. Webb. 1986. Molecular
counting of low-density lipoprotein particles as
individuals and small clusters on cell surfaces.
Biophysical Journal 49:901-11.

Kasowski, R. V., T. Rhodin, and M.-H. Tsai.
1986. Chemisorptive bonding of carbon monoxide
on nickel (001): Formulation and application of a
new pseudofunctional electron muffin tin ap-
proach. Applied Physics A41:61-73.

Mantese, J. V., W. A. Curtin, and W. W. Webb.
1986. Two component model for the resistivity



and noise of tunneling metal-insulator composites.
Physical Review B 33:7897-901.

Mills, D. M., C Henderson, and B. W.
Batterman. 1986. A fixed exit sagittal focusing
monochromator utilizing bent single crystals.
Nuclear Instruments and Methods A246:356.

Mueller, D. R., T. N. Rhodin, and P. A. Dowben.
1986^. Epitaxial growth of iron iodide films on
Fe(110). Journal of Vacuum Science and
Technology A4(3): 1518-21.

. 19866. Halogen overlayer structures on
Fe(110). Berichte der Bunsen-Gesellschaft fur
Physikalische Chemie 90:281-84.

Park, S., T N. Thodin, and L. C. Rathbun. 1986.
Halide formation and etching of Cu thin films
with CI2 and Br2. Journal of Vacuum Science and
Technology A4(2): 168-72.

Scofield, J. H, J V. Mantese, and W. W. Webb.
1986. Temperature dependence of noise processes
in metals. Physical Review B 34:723-31.

Tjossem, P. J. H., P. M. Goodwin, and T A.
Cool. 1986. Two-photon resonance REMPI
detection of the formyl radical. Journal of
Chemical Physics 84(10):5334-43.

Webb, W. W. 1986. Biological physics. In Physics
through the 1990s: Scientific interfaces and
technological applications, chapter 2, pp. 26-52.
Washington, DC: National Academy Press.

Webb, W. W., and D. Gross. 1986. Patterns of
individual molecular motions deduced from
fluorescent image analysis. In Applications of
fluorescence in the biomedical sciences, ed. D. L.
Taylor et al., pp. 405-22. New York: Alan R.
Liss.

Zimmerman, N. M., J. H. Sco field, J. V. Mantese,
and W. W. Webb. 1986. Volume versus surface
origin of 1/f noise in metals. Physical Review B
34:773-77.

• CHEMICAL ENGINEERING
Anton, A. B., N. R. Avery, T. E. Madey, and W.
H. Weinberg. 1986. The coadsorption of nitrogen
with carbon monoxide and oxygen on the
Ru(001) surface: Local chemical interactions in
mixed overlayers. Journal of Chemical Physics
85:507-18.

Anton, A. B., N. R. Avery, B. H. Toby, and W.
H. Weinberg. (1986.) Adsorption of acetone both
on the clean Ru(001) surface and on the Ru(001)
surface modified chemically by the presence of an
ordered oxygen adatom overlayer. Journal of the
American Chemical Society 108:684-94.

Anton, A. B., J. E. Parmeter, and W. H.
Weinberg. 1986. Adsorption of formaldehyde on
the Ru(001) and Ru(001)-p(2x2)0 surfaces.
Journal of the American Chemical Society
108:1823-33.

Audet, D. M., P. L.-F. Liu, and W. L. Olbricht.
1986. The application of a boundary element
method to complex flows in bifurcating channels.
In Innovative numerical methods in engineering,
ed. R. P. Shaw, et al., pp. 255-60. Berlin:
Springer-Verlag.

Chapman, W. G., K. E. Gubbins, C. G. Joslin,
and C. G. Gray. 1986a. Mixtures of polar and
associating molecules. Paper read at 9th Inter-
national Union of Pure and Applied Chemistry
Conference on Chemical Thermodyamics, 14-18
July 1986, in Lisbon, Portugal.

. 19866. Theory and simulation of
associating liquid mixtures. Paper read at 4th
International Conference on Fluid Properties and
Phase Equilibria for Chemical Process Design,
11-16 May 1986, in Helsingor, Denmark.

Finn, R. K., and E. Ercoli. 1986. A membrane
reactor for simultaneous production of anaerobic
single-cell protein and methane. In Separation,
recovery, and purification in biotechnology, ed.
J. A. Asenjo and J. Hong, pp. 43-49. American
Chemical Society Symposium Series, no. 314.
Washington, DC: ACS.

Harriott, P., and M. Kinzey. 1986. Modeling the
gas and liquid phase resistances in the dry
scrubbing process for SO2 removal. In Pro-
ceedings, 3rd Annual Coal Conference, pp.
220-36. Washington, DC: U.S. Deparment of
Energy.

Lee, D. J., M. M. Telo da Gama, and K. E.
Gubbins. 1986. A microscopic theory for spherical
interfaces: Liquid drops in the canonical ensemble.
Journal of Chemical Physics 85:490-99.

Noilert, M. U., and W. L. Olbricht. 1986. The
stability of a colloidal dispersion in a general
linear flow. Paper read at 60th Colloid and
Surface Science Symposium, 9-16 June 1986, in
Atlanta, GA.

Olbricht, W. L., M. U. Nollert, and G. P.
Moromisato. 1986. Computer graphics flow
visualization for undergraduate instruction. In

Proceedings, 1986 IBM Academic Information
Systems University Advanced Education Projects
Conference, ed. F. E. Dwyer, vol. 5, pp. 79-90.
Milford, CT: Academic Information Systems.

Payne, G. F, and M. L. Shuler. 1986a. Alkaloid
recovery for plant cell systems. Biotechnology and
Bioengineering Symposium 15:633-39.

. 19866. Recovery of plant cell products
using selective adsorption. Paper read at Wor-
cester Colloquium III, New England Biotech-
nology Association, 19—21 May 1986, in Wor-
cester, MA.

Peterson, B. K., J. P. R. B. Walton, and K. E.
Gubbins. 1986. Fluid behavior in micropores.
Paper read at 2nd International Conference on
Fundamentals of Adsorption, 4-9 May 1986, in
Santa Barbara, CA.

Shuler, M. L., G. A. Hal Is by, and G. F. Payne.
1986. The effects of entrapment on plant cell
metabolism. Paper read at 8th Symposium on
Biotechnology, Fuels, and Chemicals, 13-16 May
1986, in Gatlinburg, TN.

Shuler, M. L., G. A. Hallsby, J. W. Pyne, Jr. and
T. Cho. 1986. Bioreactors for immobilized plant
cell cultures. Annals of the New York Academy
of Science 469:270-78.

Shuler, M. L, B.-G. Kim, T. A. Good, and M.
M. Ataai. 1986. Prediction of copy number and
retention of ColEl type plasmids in E. coli. Paper
read at Biochemical Engineering V, Engineering
Foundation Conference, 27 July-1 August 1986,
in Henniker, NH.

Steen, P. H. 1986a. Container geometry and the
transition to unsteady Benard convection in
porous media. Physics of Fluids 29(4):925-33.

. 19866. Static capillary bridges: Global
stability results by symmetrization methods.
Paper read at 4th Army Conference of Applied
Mathematics and Computing, 27-30 May 1986,
in Ithaca, NY.

Streett, W. B. 1986. Phase equilibria in fluid
mixtures at high pressures. Paper read at 9th
Conference on Chemical Thermodynamics, Inter-
national Union of Pure and Applied Chemistry,
14-18 July 1986, in Lisbon, Portugal.

• CIVIL AND ENVIRONMENTAL
ENGINEERING

Brutsaert, W. 1986. Evolving ideas on the
boundary layer concerning regional evaporation.
In Proceedings, International Satellite Land-
Surface Climatology Project Conference, ed. E.
Rolfe and B. Battrick, pp. 37-42. Paris: European
Space Agency.

Dick, R. I. 1986. Wastewater sedimentation and
thickening. In Flocculation, sedimentation, and 4 2



consolidation, ed. B. M. Moudgil and P.
Somasundaran, pp. 339-48. New York: Engi-
neering Foundation.
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unsaturated flow during gravity drainage a
delayed yield phenomenon? EOS, Transactions
of the American Geophysical Union 67:278-79.
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. 19866. Structural response to uncertain
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. 19866. Estimation of transmission line
design wind speeds from limited data. IEEE
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PWRD-l(2):216-20.
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Sciences, 19-22 July 1986, in Gold Coast,
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LETTERS

Chaos and Physical Systems

Professor Philip J. Holmes:
Congratulations! The issue on chaos com-
posed by you and your colleagues provides
an excellent, extremely well-written intro-
duction to this complex topic. I plan to use
your magazine to provide additional fuel for
the small fire I have been building under the
Georgia Tech administration. I have at least
the slight hope of making their asbestos suits
warm.

The articles in your magazine provide a
rather complete picture of chaos as evolu-
tion. As a point of perhaps minor interest, I
enclose a recent review of mine which
presents arguments for chaos as revolution.
This was published in Chaotic Dynamics
and Fractals (Academic Press, 1965). A
companion review is to be published in The
New Physics (Cambridge University Press,
1987).
Joseph Ford, Regents' Professor
Georgia Institute of Technology

Editor:
The Quarterly on chaos was beautiful, well-
written, informative, and thoroughly pro-
vocative. It was much better than anything
like that IVe ever seen. I would have paid
big money for it in a bookstore. I have a lot
of friends who say they are doing chaos, and

not a one has ever been able to explain it to
me as well as that issue. Bravo!
Thomas McMahon, Cornell B.S. '65
Professor, Applied Mechanics and Biology
Harvard University

Looking Toward the East

Professor Richard N. White:
Your article on "Seven Weeks in China" in
the current issue of Engineering: Cornell
Quarterly is most interesting. Thanks for an
excellent report as well as the outstanding
photos.

This magazine should have more coverage
such as you have presented.
Clifford T. Argue
Alaska Airlines, Seattle, WA

Professor Richard N, White:
1 enjoyed your wonderful article, "Seven
Weeks in China," in the Quarterly. Your
photographs are stunningly beautiful and
really seem to capture the essence of China
and its people. I was also very touched by
the letter written by the Cornell Civil
Engineering alumni. I think Cornell is
remembered as a special place in the hearts
of all its former students. Thank you for a
great article.
Mary Sansalone, Cornell Ph.D. *86
Gaithersburg, MD
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