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THE NOT-SO-FAR EAST
Three Cornell Electrical Engineering Professors
Discuss Technology in Japan and Korea

Japan's strength in technology and in-
dustry is a new area of expertise for two
Cornell electrical engineering professors.
One of their colleagues is involved in the
emergence of South Korea as a con-
tendor for a share of the international
market. Specialists in electronics, the
three faculty members are finding the
compass of their discipline expanded to
include economics, industrial develop-
ment, trade relations, and knowledge of
foreign languages and cultures. Their
habitat extends from Ithaca, New York,
to world capitals—Tokyo, Seoul, and
Washington.

Jeffrey Frey, Chung Tang, and
Myungwhan Kim are among those
professionals who are interacting in-
creasingly with their counterparts in
the Far East. What they have to say
concerns both today's scientists and
engineers, who are coping with the
changing state of technology through-
out the world, and tomorrow's pro-
fessionals, who need to prepare to do
so effectively. And it concerns educators,
particularly in engineering schools, who
are responsible for adapting educational
programs to meet changing needs.

FREY ON JAPAN
AND THE JAPANESE
We talked with Jeff Frey in Washington,
in his office at the National Science
Foundation. He was spending the year
working with the Division of Inter-
national Programs, looking into ways
of promoting effective interaction with
the Japanese. This followed a year he
spent in Toyko, at the university and
consulting with companies. He prepared
for this year by studying Japanese
intensively in Cornell's renowned
FALCON (Full-Year Asian Language
Concentration) program.

Frey also sits on a panel of the
Defense Sciences Board concerned, he
said, with "what happens when we
become 100 percent dependent on
Japan for semiconductors." That per-
centage might be exaggerated, he re-
marked, but effectively the United
States seems already to have lost the
competition for dominance in the semi-
conductor market.

The important question, he said, is
why this happened—what differences
in systems and approaches worked in
favor of the Japanese. The answers

have a bearing on other areas of
industry, he warned: "The guys who
should be looking at what is happening
are the ones in ceramics, polymers,
bioengineering, manufactured products
of all kinds."

One explanation that is largely myth,
Frey said, is that the Japanese govern-
ment provided large subsidies to com-
panies interested in getting into the
semiconductor business in the 1970s.
There was government protection, per-
suasion, and some money, but the
amount of money, at least, was not
large, and certainly the funds the
government now puts into VLSI tech-
nology development is miniscule com-
pared to what the United States puts
in. Actually, Japanese government fund-
ing has been considerably less than
what our government has spent on the
VHSIC project for military semicon-
ductors. The fact is that the Japanese
spend a lot less government money but
get more for it.

One reason, perhaps, is the fierce
competition among Japanese firms.
"The Japanese fail or succeed on the
basis of competitive sales; American 2



Jeffrey Frey, professor of electrical engineer-
ing at Cornell spent the 1984-85 academic
year in Japan and the following year at the
National Science Foundation s Division of
International Programs. A specialist in
microelectronics, he is active in the National
Research and Resource Facility for Sub-
micron Structures, located at Cornell, and
in the Cornell Program on Microscience and
Technology, sponsored by the Semiconductor
Research Corporation. He earned his doc-
torate at the University of California at
Berkeley and came to Cornell in 1970.

companies who get a military contract
have their sales guaranteed before they
do the work," Frey said. "A related
problem is that defense spending not
only absorbs a large fraction of the
national budget, but also a large fraction
of the nation's talent."

Rather than government funds, Frey
said, the important factors are the rela-
tive size and diversity of American and
Japanese companies, the rates of return
on investment they are willing to accept,
how much money is put into R&D, and
the attitudes of management, workers,

3 and professionals like engineers.

"The guys who should be looking at
what is happening are the ones
in ceramics, polymers, bioengineering,
manufactured products of all kinds.'

Japanese firms in the semiconductor
business practice the economies of
scale that were originally introduced
into the automobile business by Henry
Ford. The Japanese profit from the
realization that what consumers want
is good quality and low prices; this
often requires large investments, and
thus large companies. The situation
with semiconductors in the United
States is analogous to that of the
automobile industry of the 1920s, when
there were three hundred auto manufac-
turers; there are now only three major
ones.

Another favorable characteristic of
Japanese firms is their diversification.
Downturns in, say, semiconductors can
be absorbed by businesses producing
other goods, such as elevators, subway
cars, and washing machines. Japanese
companies are also flexible, willing to
shift with developments, and willing to
invest in future possibilities. "Steel
companies are producing integrated
circuits," he said. "Beer producers are
setting up biotechnology research labs.
Who knows what may develop in other
fields?"

Differences in the economic systems
account for much of what happens in
trade. Japanese firms return large a-
mounts of profit to the company for
the support of R&D; last year thirty
companies built new R&D laboratories.
The amount the United States govern-
ment provides for university research
centers like the National Submicron
Facility at Cornell is a very small
fraction of the billions a year spent by
Japanese companies.

Frey also finds social differences
significant. "The Japanese are basically
Marxist in attitude," he commented.
"They believe that national needs re-
quire people to give according to their
ability and be rewarded according to
their needs, and the salary structure
reflects that attitude. Top management
does not earn millions of dollars a year
and middle managers earn far less than
they do in the United States. And
because company reputation is im-
portant, producing a top-quality pro-
duct is a major goal, reflected in every
aspect of company operation—the
Japanese do not understand our notion
of quality control as a separate dis-



cipline. Also, what one hears about
workers' loyalty to their company is
true; a Japanese person uses the same
word to refer to his company as he uses
to refer to his family at home."

In response to a question about the
status of women, Frey said that profes-
sionally their situation is very difficult.
They are expected to marry and leave
the company early; those who stay are
exceptional, and are usually paid con-
siderably less than men. "I encountered
two women engineers at SONY," he
remarked. "But by the time they were
twenty-six both had married and left
the company." Some women go abroad
to work. The social norm is for wives to
handle family matters such as the
children's education and the budget
(usually a Japanese husband receives
an allowance from his wife). Indeed,
the Japanese wife performs a valuable
economic service, making it possible
for her husband to spend little time at
home, but much time at work.

Attitudes in the society also help
explain why basic research has been a
weak part of the Japanese enterprise,
Frey remarked. "Americans seek their

success on an individual basis; an
ultimate goal, for instance, would be to
win a Nobel Prize. The Japanese, on
the other hand, attain their identity on
a group basis; if their company is
successful, that is their reward." This
mitigates against successful basic re-
search, however much it strengthens
corporate R&D. The Japanese govern-
ment is currently trying to bolster basic
research, he said, partly because of a
concern that trade friction might cut
off some access to research results from
the United States. This brings up a
deficiency in the American attitude, he
added; Americans, in keeping with
their notion of individual achievement,
make no use of open literature available
only in the Japanese language, but
insist on doing things their own way.

Also fundamentally responsible for
the weakness in basic research in Japan
is the educational system. "University
engineering education in Japan is not
very good," Frey said. "The four years
of college is really like a vacation; the
real education takes place at lower-
level schools and later at the company,
during the first three years of employ-
ment. Although this system is extremely
good for applied work, it is bad for
basic research. Whereas we teach our
students the basics, in Japanese company
education there is little diversity, which
works against creativity. The Japanese
system produces cadres of extremely
well-trained but specialized workers.
An American student would never
stand for it, but it's effective for the
company's productivity." A company
can afford to provide three years of in-
house education, Frey remarked, be-
cause the engineer will remain there for
the rest of his working life.

What should the United States and
its universities be doing in view of the
competition from Japan?

Frey has several suggestions. More
interaction between the United States
and Japan is essential. American com-
panies should recognize the need to
temper the "excessive American em-
phasis on macho, individualistic am-
bition," understand the advantages of
more open exchange of information
across corporate and national bound-
aries, and come to grips with the fact
that one contribution to the balance of
payments problem is the poor quality
of American goods. Universities should
see that students are aware of these
issues, and should encourage the study
of Japanese to promote cultural ex-
change and improved access to Japanese
technical literature.

TANG ON U.S.-JAPAN
BILATERAL PROGRAMS
Tang had just returned from Japan
when we talked with him in his Phillips
Hall office in early June. He had been
in Tokyo as chairman of the American
delegation to a workshop on opto-
electronics, one of four high-level bi-
lateral workshops organized by the two
countries.

The four workshops, he explained,
are in the areas of biotechnology,
computer technology, electronics and
opto-electronics, and materials science.
They were initiated by Erich Bloch,
director of the National Science Founda-
tion, and by the Japanese minister of
education, science, and culture. The
objective is to increase contacts and
foster collaboration in research.

"There are many international semin-
ars," Tang remarked, "but they are



". . An time the innovation
will come too—/ wouldn't underestimate
[the Japanese']capability."

Chung L. Tang, professor of electrical
engineering, was born in Shanghai and
received his university education in the
United States. His Ph.D. is from Harvard.
A specialist in lasers and quantum elec-
tronics, his recent research includes study of
femotsecond processes in liquids and solids,
and the development of electro-optic com-
munication devices. He has been at Cornell
since 1964.

usually proposed by research people;
these workshops are government-initi-
ated and therefore have special signifi-
cance." Tang selected and headed a nine-
person delegation from the United
States, mostly from universities but also
from AT&T Bell Laboratories and Bell
Communications Research. Joining them
were fourteen or fifteen Japanese partici-
pants. Prior to the meetings, the dele-
gates visited four top laboratories in
opto-electronics: Nippon Electric Cor-
poration (NEC), Nippon Telephone and
Telegraph (NTT), Fujitsu, and the
National Joint Opto-electronics
Laboratories.

Tang's interest is focused primarily
on scientific and technological matters,

5 and he was enthusiastic about the value

of the workshop. "We met to discuss
current problems and exchange ideas.
Most people summarized their own
work, of course, but since they are all
top researchers, it was a very, very
useful exchange. We were able to gain
insights into the work of others in a
way that cannot be accomplished except
through direct discussion."

He was particularly impressed with
Japanese thoroughness, meticulous atten-
tion to detail, and high regard for
quality. "Once a problem is well defined,
they accomplish the work very ef-
ficiently. Each person can count on the
next guy doing his part well—a valuable
characteristic," he said. "Of course, the
other side of the coin is that when
everyone knows exactly what he is
supposed to do, initiative might be
stifled somewhat, but in time the
innovation will come too—I wouldn't
underestimate their capability."

Tang's impression of the R&D labora-
tories is that they are well organized
and focus on what needs to be done to
solve well-chosen problems. American
companies, in comparison, follow a
less uniform pattern of doing things.

The Japanese companies do not rely on
the universities as much as one would
expect, he said; they like to train their
own people. Most of those they hire
have bachelor's or master's degrees;
Ph.D.s from Japanese universities do
not seem to be highly regarded.

Tang, like Frey, is impressed with the
Japanese' knowledge of English. In
contrast, very few Americans know any
Japanese, and this puts us at a decided
disadvantage, he pointed out. Of the
vast amount of technical literature
published in Japanese, only a fraction
is translated, and this usually does not
include writings about the early spec-
ulative stage of research which "often
lets you know what's coming."

Tang has had other professional
contact with Eastern countries in recent
years. In 1982 he led an American
delegation to China under the sponsor-
ship of the IEEE Quantum Electronics
Society. Two years ago he participated
in another U.S.-Japan seminar and as a
result was invited to visit the Basic
Research Laboratory of Nippon Tele-
phone and Telegraph: he spent two
months there this past summer.



KIM ON INDUSTRY AND
EDUCATION IN KOREA
South Korea is a very poor country,
with almost no natural resources, and
to survive must produce and sell goods
internationally. Since it is also a small
country, with a population of 41 million
compared to Japan's 120 million, Korea
does not hope to "catch up" with
Japanese trade, but rather to get a
good share of the world market.

These are observations of Myungwhan
Kim, who has recently spent time on
leave from Cornell in his native country
as an educational and research con-
sultant. We talked with him this spring
between visits to Korea.

He is especially interested in helping
to streamline the Korean educational
system, for he believes than an improved
educational system is essential to the
development of the country's technology
and economy. He is working mainly
with two leading government-run insti-
tutions, the Korean Advanced Institute
of Science and Technology (KAIST),
which is the principal graduate school,
and the Korean Institute of Technology
(KIT), a recently established under-
graduate school comparable to an
American engineering college.

For the past twenty-five years or so,
he said, the Korean government has
encouraged the development of export
industries, and exports have increased
from $20 million or $30 million in 1961
to $30 billion today. The emphasis has
been on developing medium- and large-
sized companies in a few areas, particu-
larly electronics, biochemicals, textiles,
and shoes.

The Hyundai automobile company
is regarded as a model. Begun just ten
years ago, its products are now mar-

The Pony-Excel is being produced in this
assembly line at the Hyundai automobile
plant. This model is available in the United
States; a large compact, the Stellar, will be
marketed here soon.

keted abroad and are competing ex-
tremely well. "The first cars were
terrible—I drove one, I know," Kim
remarked, "but now they are as good as
any, including Japanese models, and
are less expensive." The Pony-Excel,

for example, sells for under five thou-
sand dollars. A larger compact model,
the Stellar, is to be introduced in the
United States this fall. A network for
marketing and servicing has been set
up in this country and in Europe.
Korea has a substantial steel-refining
industry, Kim said, but imports some
of the parts for its foreign-market cars.

An interesting success story is that of
Joo-young Chung, head of the Hyundai
group of twenty or thirty companies,
including some in electronics and ship-
building as well as automobile produc-



"Korea does not hope to 'catch up9 with
Japanese trade, bur rather to get a good
share of the world market."

tion. Chung, who has only a grade-
school education, started in business
with a small store. In the early 1970s he
established a shipbuilding company by
lining up orders before a dock had even
been built, and then getting a loan from
a British bank. That shipbuilding enter-
prise is now a $10-billion-a-year busi-
ness, one of the largest in the world.

In the electronics area there are now
four leading firms as well as a number
of smaller ones, and in the next five or
ten years the chief thrust will be in this
field, Kim believes. The objectives are
to support internal industrial develop-
ment and to compete successfully in the
marketing of consumer goods, including
computers, TVs, and recorders.

An advantage Korea has right now
in international competition is the low
wage scale, although of course em-
ployees hope to earn more money as
soon as possible. Workers now make
less than $2 an hour and per capita
income is about $2,000 a year, Kim
said. Still, loyalty to the company is
strong, and so is the work ethic;
"Koreans believe that to survive in this
world one must work hard." Most

people, including engineers, work six
full days a week and half a day on
Sunday, and there is no overtime pay.

A liability is the nation's high military
budget, which amounts to more than
10 percent of the gross national product.
(This compares with 6 percent for the
United States and 1 percent for Japan,
Kim estimated.) One of the biggest
problems is the national debt, which is
the fourth largest in the world, behind
Brazil, Argentina, and Mexico. Still,
Korea is able to keep up with interest
payments, and the borrowed money is
spent for plant modernization that will
improve the economic siutation in the
long run. Throughout its short indus-
trial history (it was separated from
Japan only forty-five years ago), Korea
has had a trade deficit, but perhaps
next year will begin to see a small
surplus.

The educational system reflects the
Japanese influence, Kim said, and
suffers from the same problems. It is
too structured, requires too much mem-
orization, and fails to cultivate imagina-
tion. There is an American influence,
since many Korean educators were

Myunghwan Kim, a native of Korea,
received his university education in the
United States and joined the Cornell faculty
in 1962 after completing doctoral work at
Yale. A specialist in bioelectronics and
VLSI, he is a professor in the School of
Electrical Engineering. He has spent leaves
in Korea in teaching, research, and
consulting.

trained in the United States (there are
more than one hundred members of the
Cornell Alumni Association in South
Korea). But Kim would like to see the
university-level scientific and technical
institutions, especially the "archaic"
smaller ones, develop programs much
like Cornell's, and he would like to see
more interaction between American
and Korean universities.

In Japan the companies were the
leaders in developing the economy,
Kim commented, but he feels that "the
creation of new ideas requires the joint
effort of industry, universities, and
government, as in the United States."
—GMcC



LESSONS FROM JAPAN
What a Cornell Study Group Learned
About Manufacturing Methods

by L Joseph Thomas
United States industry must relearn its
own lessons if it is to compete success-
fully with Japan during the rest of this
century.

This is the essence of what six
colleagues and I discovered during a
tour in Japan early this year.* In our
study of Japanese manufacturing meth-
ods, we expected to observe the work
ethic, the automation, and the low
inventories (just-in-time manufacturing)
for which Japan is famous, and we did.
But we were also in for some surprises.

Key factors in Japan's success, we
found, are two aspects of Japanese

*The group, all members of the Cornell
Manufacturing Engineering and Produc-
tivity Program (COMEPP), visited Japan
for several weeks in early January 1986.
According to Professor Thomas, who organ-
ized the tour, the arrangements were made
with the help of colleagues and friends in
Japanese industry and universities. Many
of these people are or have been Cornell
graduate students in business, engineering,
or hotel administration. Two professors at
the University of Tokyo, Yutaka Umezawa
and Toshio Sata, also helped make arrange-
ments and met with the Cornell group.

manufacturing that are American in
origin and easy to emulate: employee
dedication, fostered by democracy in
the workplace, and a managerial and
organizational structure that encour-
ages attention to details without neglec-
ting the firm's overall, long-range goals.

This is not to say that everything
about Japanese manufacturing should
be adopted by United States businesses.
Many of our industrial practices are
better from the point of view of our
society. And it is not to say that the
United States cannot compete effec-
tively with Japan in the future. The
important question—to which we be-
lieve we discovered some answers—is
what lessons United States firms can
profitably learn from the Japanese.

EMPLOYEE DEDICATION:
A MAJOR FACTOR
The success of large Japanese firms
depends significantly on the attitude of
the employees.

The Japanese manufacturing firms
we visited encourage all employees to
contribute their knowledge and cre-
ativity to the production system. For

example, they accept a much larger
fraction of employee suggestions than
United States firms do. In one elec-
tronics company a bulletin board an-
nouncement cited the best participant
in the suggestion system: an employee
who had made 220 suggestions over a
five-year period. In most United States
companies, such a person would be
viewed as a pain in the neck. Japanese
firms also offer more local control of
the workplace, with factory workers
helping the engineers decide the exact
way to perform specific tasks.

The reward system in large Japanese
manufacturing companies is another
reason for employee dedication. Hard
work that is oriented toward the cor-
poration's well-being is encouraged.
Workers receive twelve monthly pay-
ments, plus two bonuses that are
loosely based on company performance
and can add as much as 50 percent to
the base pay. These bonuses, given to
all permanent employees, show them
that they benefit when the company
does well. Compensation is tied to the
company's future, not to average wage
rates for an industry or to wages set by 8



Hosts at a Yanmar Diesel plant were the
company's president, Tadao Yamaoka (in
front), and several employees. The visiting
Cornell faculty members are (left to right)
William L. Maxwell, Christian Delporte,
Robin O. Roundy, L. Joseph Thomas, John
A. Muckstadt, Richard W. Conway, and
Peter L. Jackson.

THE CORNELL TOUR GROUP

Richard W. Conway, Professor of
Information Systems, Johnson Graduate
School of Management

Christian Delporte, Visiting Associate
Professor of Manufacturing, School of
Operations Research and Industrial
Engineering, and Johnson Graduate
School of Management (Delporte is
from the Catholic University of Louvain,
Belgium )

William L. Maxwell, Andrew Schultz,
Jr. Professor of Industrial Engineering,
School of Operations Research and
Industrial Engineering

John A. Muckstadt, Professor of Opera-
tions Research and Industrial Engineer-
ing and Director of the Cornell Manufac-
turing Engineering and Productivity
Program

Peter L. Jackson, Assistant Professor of
Operations Research and Industrial
Engineering

Robin O. Roundy, Assistant Professor
of Operations Research and Industrial
Engineering

L. Joseph Thomas, Director of Executive
Programs and Nicholas H. Noyes Pro-
fessor of Manufacturing, Johnson Grad-
uate School of Management

government or unions. The motivation
to work toward the company's good is
even more important at the managerial
levels than it is for factory workers.

TEAMWORK AT ALL LEVELS
AND WHY IT WORKS
The team concept among workers in
Japanese factories has been described
in many articles, and we saw examples
of it.

We observed how teamwork can
keep an assembly line flowing smoothly.
During tours, people in our group
frequently asked what computer meth-
ods were used to balance the line, and
often an initial blank stare was followed
by an explanation that the workers
made those decisions. The most elegant
assembly-line balancing that we saw
was in a computer-manufacturing com-

pany (Yokogawa-Hewlett-Packard).
Everyone was trained to do all the
tasks, and if a buildup occurred at any
point, the employees switched tasks to
keep the production proceeding evenly.
This simple solution worked very well.

Even more impressive was the lack
of barriers between professional depart-
ments such as engineering design, manu-
facturing, marketing, and finance. The
finger-pointing seen in some United
States plants ("If only 'Group A' would
do its job, we would have no problems")
was absent. Groups worked together
for the common goals of the organiza-
tion. At Toshiba, for example, we
observed how all the groups cooperated
to design products and manufacturing
processes around the demand pattern,
market need, and production costs. A
Japanese company man could not



NOTES ON THE VISITS TO JAPANESE ORGANIZATIONS

IBM: Fujisawa Plant. One of two IBM plants in Japan, Fujisawa manufactures a wide
range of products. The group toured the facility and discussed just-in-time
manufacturing.

Nissan: Headquarters and Oppama Plant. Oppama produces a wide variety of
automobiles for domestic and export markets, using flexible lines. The group discussed
the management planning system and toured a large plant and automated distribution
center.

Toshiba: Headquarters. The visitors were shown how design, marketing, and
manufacturing are integrated in the development of new, automated manufacturing
methods.

Yanmar Diesel: Three Plants. These rural plants produce tractors (including some for
John Deere), engines and equipment for marine and farm applications, and engine
components. The group observed workers helping engineers with process design, use of
old machines with new controllers, and careful process planning throughout.

Yamazaki (Mazak): Two Plants. Yamazaki produces high-precision machine tools,
and these highly automated plants use their products to produce their products. The
plants run untended on the third shift.

Toyota: Headquarters and Two Plants in Toyota City. The group discussed methods
of computerized production planning, observed very old and new operations, and saw
Toyota's Kan bans and Yo-i-don in action.

Yokogawa-Hewlett-Packard. This company, a joint venture of Yokogawa Electric and
Hewlett-Packard, produces a wide range of products for domestic sale. The group
observed "part-time" workers producing small batches by hand, with very high quality
and very low cost; they used dynamic assembly-line balancing by trading tasks as
needed.

TONEN-TSK: Kawasaki Plant. This multi-billion-dollar company produces oil
products and petrochemicals (EXXON and Mobil each own 25 percent). The group saw
automated refinery control systems and discussed the use of operations research tools
such as nonlinear programming.

Fujitsu: Headquarters. The company's computer business strategies were discussed
and office automation systems were observed. Because of the complexity of the
Japanese language, office automation is difficult and less developed than in the United
States.

University of Tokyo: Departments of Economics and of Precision Machinery
Engineering. The economics department prepares students for business and
government careers (there is no business department). In conversations with people in
this department, the Cornell group discussed programs and changes in Japanese society
that will affect business. In the engineering department the group discussed automation
research and practice and toured laboratories.

imagine, even theoretically, a new-
product development group whose suc-
cess would be measured in terms of
cost alone rather than the value of the
product; or a marketing group that did
not consider production in its request
for deliveries or new products. A
"negotiator" who coordinates different
activities, regardless of job title, is
accorded great prestige.

Financial incentives promote team-
work because these are tied to the
company's success rather than to in-
dividual or group performance. Team-
work is also fostered by top-manage-
ment attitudes and organization: the
management of human resources is a
higher-level job than it is in the United
States, and functions that may be
separate here (marketing and finance,
for example) often come under the
supervision of the same senior officer.

ATTENTION TO DETAIL
BY TOP MANAGEMENT
We expected to find attention to detail,
but the surprise was to find it at the
level of top management as well as on
the factory floor. For instance, at
Yanmar Diesel, a company with annual
sales of $1.8 billion, the president and
major owner showed us around the
factories, and on several occasions
pointed out small improvements that
had saved or would save a few seconds
on a job. One might think that such
attention to detail would tend to make
managers less conscious of the larger
picture—to lose sight of the importance
of other functions or of the overall
goals of the company—but that does
not happen.

This attitude toward detail probably
accounts for the fact that Japanese 10



managers appeared to place little em-
phasis on projects for improving quality
or productivity. Rather than thinking
in terms of changes to be planned and
completed, as their American counter-
parts often do, the Japanese managers
regard improvement as a continuous
process. Each detail is a part of a
succession of improvements.

COMBINING NEW AND OLDER
TECHNIQUES AND TOOLS
Although modern techniques such as
automation and just-in-time manufac-
turing are used effectively in Japanese
plants, they are not necessarily chosen
as the best way of doing things.

Automation is heavily used, but only
after careful analysis, not on blind
faith. And although automation is
often impressive, some Japanese com-
panies are masters at using old equip-
ment well. At Yamazaki we saw an
automated factory that could operate
in the dark with no staff; at Yanmar
Diesel we saw fifty-year-old equipment
being used very effectively and in-
expensively.

We observed the just-in-time (JIT)
system of inventory control using
Kanbans (or "cards") in several com-
panies, but the system is not ubiquitous.
At Nissan, for example, we were told
that although concepts related to JIT
are used in many places, Kanbans are
used to control only 15 percent (in
dollar value) of the inventory. JIT
manufacturing generally requires better
quality and low setup times—improve-
ments that make other methods of
manufacturing control work well too.

Computer control is not used for all
problems that are amenable to computer

11 solution. The "local" problem of line

balancing, discussed above, is an ex-
ample. On the other hand, we saw well-
designed computerized systems that
track information and provide precise
plans to follow over long, medium, or
short terms.

EMPLOYMENT CONDITIONS
IN JAPAN AND THE U.S.
Japan is both a high-labor-cost and a
low-labor-cost country. Factory workers
in major corporations such as Nissan
and Toyota have earnings comparable
to those of their counterparts in the
United States. Subcontractors or small
companies may pay less, however.
Furthermore, working conditions are
often inferior on subcontracted jobs.
We were surprised to find employees of
subcontractors working under poor
conditions right on the contractor's
premises. For example, in an otherwise
immaculate factory we saw spray paint-
ing being done in a closed room without
the use of masks.

The reason for discrepancies in earn-
ings is that compensation is determined
by companies, not by industries. This is
partly because there are company rather
than nationwide unions (although there
are exceptions, such as the Japan
National Railroad union). Also, the
bonus system, which greatly increases
the workers' compensation, is in effect
in large companies.

Professional people earn far less
than their United States counterparts.
We met a manager with an engineering
degree, an M.B.A. from a United
States university, and six years of
experience who was making about the
same amount of money as a factory
worker. In the United States the man-
ager's salary would be about three

". . .the surprise was
to find [attention
to detail] at the level
of top management
as well as on the
factory floor."



w kmi

/. This highly automated Yamazaki plant,
one of two visited by the Cornell group,
produces high-precision Mazak machine
tools.

2. Cornell professors Conway, Thomas,
Muckstadt, and Delporte observe an opera-
tion at the Yanmar Diesel facility. The
Yanmar plants visited on the tour produce
tractors, some for export, as well as en-
gineering parts and other farm and marine
equipment.

3. Professors Conway and Thomas inspect a
finished product at Yanmar Diesel.

times as high. Similarly, the difference
between the salaries of presidents and
new employees is dramatically less in
Japan than in the United States.

Promotions, salaries, and prestige of
Japanese employees are determined
largely by age. (At the University of
Tokyo, one department listed its faculty
members by age, oldest first, rather
than alphabetically or by rank). Know-
ledge and experience are valued, and
older managers are pleased to assume
the prestigious role of "teacher"—a
role that is not limited to professional
educators.

Lifetime employment is still common
at major Japanese corporations, al-
though some job-hopping is beginning
to show up. Lifetime employment does
not extend to small companies, however,
or to all employees at major companies.
Notably, women are unlikely to have
that option.

OTHER DIFFERENCES IN
HOW COMPANIES FUNCTION
An important difference in business
practices is that Japanese firms accept
lower profit percentages than American
firms do. This is partly because historic-
ally there have been lower interest rates
in Japan, and debt rather than equity
financing. (Japan is in the process of
freeing the financial markets, however,
so interest rates may rise.) Also, Japan-
ese companies add less value, as a
fraction of the total cost—that is, they
purchase a larger fraction of the item's
value—than United States firms do.
(This is consistent with the "focused
factory" notion first espoused by
Wickham Skinner.)

Japanese companies have certain
goals that they do not analyze and 12



reanalyze the way American companies
do. During our visit, we heard company
people refer to the "three treasures":
on-the-job training, total quality con-
trol, and long-term planning. Managers
in the United States might feel strange
using the word "treasure" to describe a
management practice. Certainly they
are accustomed to frequent reevaluation
of such matters as their company's
expenditures for training and the ef-
ficacy of long-term planning.

The relationship between industry
and university is quite different. United
States universities work more closely
with industry and seek to prepare
graduates for the work they will do.
Japanese companies assume that new
graduates require extensive in-house
training before they can perform.
(Because of lifetime employment, the
firm is willing to make this investment.)

A further difference, of course, is the
Japanese practice of considering every-
one's ideas for improvement and giving
workers a voice in setting their group's
work methods. A result is that Japanese
workers require less direct supervision,
and fewer levels of management are
needed. This idea may be catching on
in the United States, where many
companies are finding that fewer levels
of management lead to better communi-
cation and more productivity. We
might also note that a cultural bias
toward democracy in the workplace is
at least as present in the United States
as in Japan; the Japanese just made it
work.

WHAT IDEAS SHOULD WE
IMPORT FROM JAPAN?
We believe that some of the reasons

13 most often given for Japan's successes

in manufacturing are minor in their
effect at the present time. Government
support is one of these commonly cited
factors. While help from the Ministry
of Industry and Trade was important
in the early stages of Japan's develop-
ment in manufacturing, we believe it
has less influence now. It is true that
there are key areas in which basic
research is supported by consortia of
companies and the government, al-
lowing large costs to be shared. Even
so, Japanese companies are intensely
competitive among themselves in key
industries, and good performance by
individual companies is the major factor.
And as I have pointed out, some
techniques—notably just-in-time meth-
ods of inventory control using Kanbans,
and factory automation—are overrated
as far as the extensiveness of their use is
concerned.

The three major reasons for Japan's
success are, in our opinion: (1) Team-
work, at all levels. (2) Unyielding
dedication to improvement in produc-
tivity and quality. This includes a
willingness to continue improvement
past "reasonable expectations" and it
involves the attitude that no problem is
so small as to be unworthy of solution.
(3) A long-term, strategic outlook in
planning new facilities and products.
This is possible because of lower interest
rates, more debt financing, and an
apparent willingness to accept lower
short-term profits. (We believe, however,
that long-term planning is ingrained
and will remain even when interest
rates rise.)

What features of Japanese manu-
facturing should United States firms
consider emulating? On the basis of our
study, we offer five "things to do."

• Do establish an organization in
which the achievement of corporate
goals is primary and "finger pointing"
is eliminated. Groups should work
together to achieve the overall goals;
the development of new products, for
example, should incorporate marketing
and finance, as well as design and
production.
• Do establish, for all employees, re-
ward systems that include recognition
for achieving the corporate goals. One
group's performance measures should
not be allowed to adversely affect over-
all performance. (This is consistent with
obtaining "indicators of performance"
that look at a single group's activities,
provided that the achievement of cor-
porate goals takes precedence.)
• Do analyze investments and methods
of production carefully and in detail,
enlisting everyone's aid. Do not accept
just-in-time production or automation
as articles of faith.
• Do engage in long-term competitive
planning. Consider what products, pro-
duction capability, and marketing ex-
pertise will be needed to succeed in the
face of current and future competition.
"Run scared," even in a period of
success.
• Do pay attention to details. Top man-
agers must be concerned with strategy,
but they must also know what goes on in
the factory. Improve productivity and
quality every day in every way. Use both
new technology and "old-fashioned" but
effective engineering tools.

Many United States firms perform
some of these five "do's" very well.
General Electric recently planned fac-
tories for which the various aspects
such as marketing and production are
integrated, and their sales (of dish-



washers, for example) have increased.
IBM "runs scared" in the face of
success, and it continues to succeed.
The automobile companies are im-
proving quality. But few firms perform
well in all five of the areas listed above.

The United States outperforms Japan
(and other nations) in some areas. For
one thing, many services are delivered
more effectively in this country. Also,
United States industry supports a high
average standard of living—the basic
items of food and housing are sig-
nificantly less expensive than they are
in Japan. And United States industry
offers more opportunity to women.

TAKING A WIDE VIEW
OF U.S. MANUFACTURING
The United States has a long tradition
of manufacturing excellence and pro-
ductivity. On the average, it is still
among the world's leaders in produc-
tivity, and frequently it leads the pack.
But maintaining that position will
require constant vigilance.

The effort is crucially important, for
despite the growing service sector,
manufacturing (and agriculture) will
continue to be very important to the

United States economy. To maintain a
high standard of living, we must pro-
mote excellence in these areas as well as
in services. (Mark Twain once remarked
that two families cannot get rich taking
in each other's wash.)

Our group returned from our Japan-
ese tour with ideas for improving
United States competitiveness in manu-
facturing, but also with respect for the
value of increased productivity every-
where. On this Earth, we are all
consumers, all members of the world
community.

L. Joseph Thomas is the Nicholas H. Noyes
Professor of Manufacturing and the Direc-
tor of Executive Development Programs at
Cornell's Johnson Graduate School of
Management. He has been on the faculty
since 1967.

Thomas' background also includes en-
gineering. After earning the B.S. degree in
engineering at Carnegie-Mellon University,
he worked as a chemical engineer for
Eastman Kodak before beginning graduate
study. He earned the Ph.D. in operations
research at Yale University.

At Cornell, Thomas teaches courses in
production and operations management,
business logistics, and quantitative methods,
and has won his school's award for ex-
cellence in teaching. In addition, he has
been active in programs for corporate
executives in the areas of strategy formu-
lation, forecasting and planning, production
and inventory management, and use of the
computer by managers. He is co-director
(with John A. Muckstadt of the School of
Operations Research and Industrial En-
gineering) of "Managing the Next Genera-
tion of Manufacturing Technology," an
annual summer conference sponsored jointly
by the Johnson Graduate School of Manage-
ment and the College of Engineering, and
he is a member of the Cornell Manufacturing
Engineering and Productivity Program
(COMEPP).

Thomas has been a visiting professor at
Stanford University's Graduate School of
Business and at the Catholique Universit'e
de Louvain in Belgium. During the past five
years he has served as a consultant to
several firms, including Xerox, Kennecott,
IBM, AT&T, Goulds Pumps, and GTE,
and he is on the board of directors of
several others. His publications include three
books and forty articles. 14



SEVEN WEEKS IN CHINA

by Richard N. White
My wife Marge and I had the privilege
of visiting the Peoples' Republic of
China in the spring of 1982 for a seven-
week period. As guests of the Ministry
of Railways, we visited eight universities
and institutes.

We flew from Beijing to Xian to
Chengdu, and then traveled by bus to
Emei for a three-week stay. After
returning by bus to Chengdu, we went
on to Chongqing by overnight train.
From Chongqing we journeyed down
the Yangtze River by boat to Wuhan.
Finally, we flew to Shanghai and on to
Hong Kong. (These places are indicated
on the map on the inside front cover.)

The trip was an adventure of the
highest order, filled with countless
special moments. This brief text and
accompanying photographs, along with
a few facts and figures, attempts to
capture some of our experiences and
impressions, and to provide some per-
spectives on China's emerging position
in the world.

The overwhelming impression is of
the people, at once China's greatest
strength and potentially its greatest

15 liability. More than one billion people

live in an area slightly larger than the
United States; more than one-fifth of
the world's population are to be sup-
ported on one-fifteenth of the world's
arable land. I shall return to the topics
of population and agriculture after
some comments on engineering edu-
cation and research.

ENGINEERING PROGRAMS
IN CHINA'S UNIVERSITIES
Universities and institutes in China are
sponsored by the Ministry of Education
and by various other government agen-
cies. The Ministry of Railways is
responsible for Southwestern Jiaotong
University, where I spent three weeks
teaching a complete course in concrete
structures and also giving many hours
of lectures on other topics in structural
engineering, engineering education, and
engineering practice in the United States.

Never have I lectured on so much in
such a short time. I averaged about
four hours of lectures per day. In
addition, I participated in many in-
formal meetings with faculty members
about laboratory development and re-
lated research, and in occasional sem-

inars with large audiences of professors,
students, and administrators. There is a
great thirst for knowledge from foreign
experts, and this, along with gracious
and generous treatment from our many
hosts, made my extremely heavy
schedule not only possible but enjoyable.

My students were attentive and en-
thusiastic in a passive way, reflecting
the traditional gulf between faculty and
students that prevents interchange of
questions and ideas during the lectures.
I was given written questions (most of
them were excellent) and we had a long
period once a week, on Friday mornings,
when I could respond to those questions.

Most engineering curricula in China
(at least in civil engineering in 1982)
can be characterized as highly tradi-
tional and rigid, with few elective
courses. The curricula resemble, in
many ways, American engineering pro-
grams of the 1950s. They are relatively
light in computer applications, ma-
terials science, and other contemporary
topics now standard in the United
States. While many faculty members
and administrators are pressing for
modernization of Chinese engineering



L Construction methods in China show
some local influences. Exterior scaffolding
of bamboo may look flimsy, but does the
job at minimal cost.
2. Earthquake resistance has high priority in
research on masonry construction at the
Xian Institute.
3. The excellent equipment for structural
engineering research at Tonji University in
Shanghai includes an earthquake simulator
from MTS in the United States.
4. A big problem at Cornell has a simple
solution at Tsinghua University in Beijing.
One large bicycle lot accommodates
everyone.

education, changes come slowly: pro-
posals can come forth from the local
level only after considerable debate and
planning, and the approval process is
long and complicated, with most final
decisions coming from Beijing.

Because help is plentiful and inexpen-
sive, there is an oversupply of teaching
assistants, laboratory assistants, and
others ready to help the faculty. While
Cornell engineering faculty members
complain of too few TAs and assistants,
I heard precisely the opposite complaint
in China. It is not easy (nor particularly

enjoyable) to manage large numbers of
workers who do not have enough tasks
to fully occupy their work time.

Many of the engineering libraries I
visited had surprisingly good selections
of the latest engineering books from
the United States. These were available
to the faculty and to advanced graduate
students, but often they were not
available to undergraduates, a circum-
stance that I discussed at some length
with several of my Chinese hosts. I
urged them to establish "open libraries"
to best facilitate the transfer of modern 16



technology to their next generation of
engineers, and I sincerely hope that
steps in this direction have been taken.

I saw some excellent research in
structural engineering, particularly in
experimental work on seismic resistance
of reinforced concrete and masonry
buildings. Because of a shortage of
modern computing facilities, the ana-
lytical research I saw was a cut or two
below similar work here at Cornell, but
this gap will narrow as Chinese uni-
versities get better equipment and ex-
pand their graduate programs. There is
a massive amount of talent available in
students eager to move ahead.

ACADEMIC LIFE AFTER
THE CULTURAL REVOLUTION
The decade of the Cultural Revolution,
from the mid-1960s to the mid-1970s,
was a time of total absence of intellectual
and scientific achievement in China;
the older members of today's faculties
essentially lost ten years of their profes-
sional lives. As we got to know some of
the professors and administrators, the
effects of the Cultural Revolution be-
came a daily topic of conversation.
Scars are deep. We heard frank and
bitter accounts of individual experiences,
which almost always included forced
separation of families.

I believe that this relatively recent
mistreatment of faculty by young people
constitutes an unfortunate reinforcement
of the gulf between professors and
students—a gulf that tends to perpetuate
the traditional educational approach of
"pouring in" information, facts, and
ideas for students to memorize and
then reproduce on exams with little
critical analysis and questioning.

17 I sensed a real frustration in many

faculty members about the slow pace of
academic life, which—perhaps because
of difficulties in reestablishing programs
after the Cultural Revolution and be-
cause of limited professional travel
opportunities—appears to lack much
of the vitality we experience in our
universities.

A typical Chinese engineering pro-
fessor teaches classes in the morning,
and then has a long lunch hour—two
hours in the winter and two and one-
half hours in the warmer months.
Everyone returns to living quarters
during this long break. (To me, it was a
lifesaver after my daily four hours of
lecturing—not a typical schedule for
the regular faculty.) Afternoon work
sessions are shorter, with more emphasis
on laboratory sessions. Many faculty
members appeared to leave the office at
about 4:30 or 5 o'clock.

FOOD AND THE OUTLOOK
FOR AGRICULTURE
We thoroughly enjoyed eating real
Chinese food for seven weeks, par-
ticularly in the small city of Emei,
where we were close to the farms. Our

Left: White lectured on construction and
physical model analysis at the Xian Institute
of Metallurgy and Construction.

diet there was largely vegetarian, repre-
sentative of what our Chinese hosts
were living on. The profusion of green
vegetables was especially impressive; in
fact, it made such an impression on us
that we have cut back substantially on
the amount of meat we now consume.

While it is no surprise that rice is by
far the most popular cereal in China, I
was surprised to learn that wheat is
also grown and consumed in immense
quantities in the North. Cabbage is the
main vegetable, but potatoes and sweet
potatoes are also popular, important
foods. Beans, bean-curd cakes, and all
sorts of greens make up another im-
portant part of the diet. Meats provide
only about 15 percent of the protein
supply in China, with more than 90
percent of this coming from pork.
Chicken and duck are both relatively
rare treats, and fish is consumed at the
low rate of only seven pounds per
capita per year. Green onions and
ginger are the main flavorings used in
cooking. Dairy products are virtually
nonexistent outside major cities.

How is Chinese agriculture faring?
Recent statistics indicate that it is
booming: agricultural production rose
8 percent per year between 1978 and
1984, and the real per-capita income of
rural households increased by a factor
of 2.5 during those years. These in-
creases are due to a succession of good
years of favorable weather, to the use
of improved strains of crop plants, and
to the encouragement of the free-



market system that allows farmers to
make extra income by selling "excess"
products for cash.

But the margin is thin, and the threat
of poor years of harvest is ever present.
The arable farmland per capita is the
same as in Bangladesh and only two-
fifths that of India. It is remarkable,
indeed, that China's farmers are now
producing enough food to cover the
needs of the people.

REACTIONS OF THE CHINESE
TO FOREIGN VISITORS
There is a tremendous curiosity about
Westerners in China, particularly in the
more remote cities and the smaller
towns and villages. Many young Chinese
are studying English via the half-hour
daily TV programs on English. (Since
these are mostly from the BBC, many
English speakers have British accents.)
We were repeatedly stopped on the
street by young men who wanted to
practice their English on us. My wife,
who likes to wear brightly colored
clothing, attracted so much attention in
the smaller cities and suburbs (in Xian,
Changdu, and Leshan, for example)
that occasionally she was unnerved.

I took along a slide show titled "Life
in America," and showed it a number
of times to audiences who were cap-
tivated by these images taken in Ithaca,
San Francisco, New York City, Wash-
ington, D.C., Wisconsin, and some of
the national parks. I showed slides of
farmers (both rich and poor), and
interiors such as fast-food places and
department stores. Included in the
show were photographs of Cornell
buildings, Cornell students, and some
of our friends and their children and
pets. Once I ran into some resistance to
having the show open to students, but
the problem was quickly resolved when
I made the condition that the slides
would be shown only if anyone could
come. What developed was a massive
audience of faculty, students, workers,
and their families. While black-and-
white photography is quite widespread
in China, color slides are another thing,
and they were much appreciated. I
finished each show with the twenty
excellent Cornell slides available from
Publications Services Photography at
the University.

INDUSTRIALIZATION AND
U.S.-CHINA TRADE
The industrialization of China was a
hot topic of discussion even in 1982;
since then it has become a central issue
at all levels of life. While there is a
tremendous pent-up demand for pro-
ducts and goods within China itself, the
primary thrust is to get sufficient
development of industry to put the
masses to work producing goods for
export. Foreign capital shortages are
slowing the implementation of these
plans. During 1985 alone, China's
foreign exchange reserves decreased

from $17 billion to $10.2 billion, re-
flecting the heavy demand for imported
goods and equipment. This deficit can-
not continue, and the result is a policy
of restraint on use of foreign currency
that has greatly slowed China-United
States industrial projects such as the
1984 agreement with American Motors
Corporation that led to the establish-
ment of the Beijing Jeep Corporation.

In 1985 the balance of trade between
China and the United States was
even—we exported and imported some
$4 billion worth of goods. The major
exports from China to us amounted to
more than $1 billion in clothing and
accessories, nearly another $1 billion in
crude petroleum and gasoline, $200
million in stuffed animals and other
toys, and $60 million in tin. What did
they buy from us in return? The list
includes commercial aircraft, Douglas
fir logs, jet engines, locomotives, power-
plant equipment, computers, oil and gas
drilling machinery, polyester yarns, and
wheat. During the first four months of
1986, such United States items as
metallurgy equipment, heating and
cooling equipment, and telecommunica-
tions devices were being imported at
greatly increased rates.

What will be the economic con-
sequences in the United States of the
emerging industrialization in China?
As massive amounts of inexpensive
consumer goods are exported to the
United States, how will we control the
potentially great deficit of payments?
These knotty questions need some
answers—from economists, not from
this engineer. To me, it seems unlikely
that our products can be priced for the
mass market in China. On the other
hand, Cornellians returning from China 18
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/. The Whites enjoyed a meal at the
apartment of Bao-Kang He and his wife. A
faculty member at the Xian Institute of
Metallurgy and Construction, He spent two
years at Cornell as a visiting scholar.
2. The only private house the Whites visited
was that of Chia- Yang Shih (Cornell M. C. E.
'28) in Beijing. Shih is a professor of
hydraulic engineering.
3. This street scene in Xian shows the
normal traffic pattern.
4. The bicycle also serves to transport goods.
5. A typical "fast-food" shop on a Beijing
street offers rice, noodles, and tea to people
on their way to work.

I



/. This farm in a rich region of Sichuan
Province, is near Emei, where White lectured
at the university and his wife Marge taught
English to future visiting scholars and to a
kindergarten class.
2. Fresh vegetables are among products sold
in the free market at the university.
3-6. The cycle of rice production begins with
the use of water buffalo to plow, and
continues through the transplanting of rice
shoots by hand, harvesting, and separating
the grain from the stalks.
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7. On the Huang Po River at Shanghai the
Whites observed a great variety of craft,

from the most modern to ancient-style
boats.
8. Chongqing, at the confluence of two
rivers, features spectacular bridges such as
this reinforced concrete structure, "elegant
in its simplicity and inherent strength. "
9. This is one of three major gorges through
which the Yangtze River passes on its 3,237-
mile course. The Whites took a three-dav,
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850-mile boat trip down the Yangtze to
Wuhan.
10. This 390-foot Buddha by the river Min
Jiang in the Leshan area was carved in the
early Tang period (618-907 A. D.)
11. The Hall of Prayer in the Temple of
Heaven in Beijing dates from the fifteenth
century. White says the timber hall (built
without nails) is "perhaps the most perfectly
proportioned and striking structure I have
ever seen."



1. Among the hundreds of people photo-
graphed by White are these Xian girls
having a snack while they read.
2. This Sichuan farmer received a Polaroid
photograph of himself from Professor White.
Later White was told that the man had
probably never before seen a likeness of
himself
3. The Whites, walking by a rural school
near Emei, may have been the first Western-
ers the children had ever seen.
4. This group of men were playing cards on
a Xian street.
5. Nearby, a proud grandmother poses with
a contented baby.

22
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of remembrance was part of a
souvenir notebook presented by seven dis-
tinguished Cornell civil engineering alumni
in Beijing at a banquet welcoming the
Whites. "We were met and hosted by
Cornell civil engineers in each city with a
warmth and love for Cornell that is best
captured by this note," White said.

The Cornell tie with China has been
strong since shortly after the turn of the
century, when Chinese students began
coming here for study in agriculture and
then in engineering, economics, and other
subjects. In the late 1920s through the
1930s, according to White, Cornell was "the
place "for Chinese students to study Amer-
ican civil engineering.

Exchange agreements between Cornell
and many universities and institutes in
China, signed some five years ago (see
Engineering: Cornell Quarterly, Spring
1981), promise to renew the ties between
Cornell and China. As evidence, White cites
the large number of visiting scholars Cornell
has hosted, the increasing number of Chinese
graduate students in engineering at Cornell,
and the many lecture trips to China by
Cornell faculty members.

The signatures on the note are: Chia- Yang
Shih, professor of hydraulic engineering,
Tsinghua University; Jen Chang, professor
of hydraulic engineering, Tsinghua Uni-
versity; Wan Li Huang, professor of hy-
drology and sedimentation engineering,
Tsinghua University; Y. C. Tao, chief
engineer, State Commission of Building
Construction; Wei Tseng, chief engineer,
Ministry of Communications; S. Raymond
Wang, chief engineer and deputy general
director, China Road and Bridge Engineering
Company; and Chen Jiu Zheng, consultant,
Chief Engineers Office, Building Construc-
tion Bureau of Beijing.



and Hong Kong have indicated that
while wages there are low, labor costs
as measured by goods produced (es-
pecially in high-technology ventures)
are high because of workers' inex-
perience and inefficient management.

CHINA'S POPULATION
AND THE USE OF TALENT
We saw many posters and wall slogans
extolling the one family-one child
concept. There are substantial economic
penalties to families having more than
one child. From what we heard, we
gathered that the policy is working
reasonably well in the cities, where
family size can be readily observed and
the space problem motivates people to
conform: housing space in China re-
mains a critical problem, with the
average living space per person as low
as 30 square feet (in Shanghai). The
five or six apartments we visited, all
belonging to faculty members or en-
gineers, were plain but adequate for a
small family. Most of the population,
though, is not so fortunate.

In the countryside, where 75 percent
of the people live, having more than a
single child remains desirable. The
promotion of the free market means
that extra production of crops will give
the family extra cash, and therefore the
typical peasant farmer would like to
have a large family to help in the fields.
The preference is for boys, who can do
heavier work, and a tragic consequence
has been some killing of baby girls in
remote regions.

There is a complex intertwining of
population, agriculture, and industry
in China. From 1955 to about 1975, the
ratio of rural to urban population was
87:13; ten years later, the ratio was

closer to 75:25. Government policy
now says that as farmers leave the land,
they should not leave their villages, and
thus the government wants to have,
eventually, some ten million small-
scale industries in the countryside.

One very great difficulty facing China
as it becomes more open and flexible is
the assignment of jobs. We learned in
talking to engineering students that
they have very little choice in jobs after
graduating from college. I was asked to
give some remarks about how American
engineering students become employed,
and the general reaction to what I said
about interviews, flexibility in type of
work and location, etc., was one of
disbelief. As the economic and social
structures change in China, the pressure
for personal choice will increase. But
with a billion people in the nation, free
choice such as we have in the United
States simply would not work. Deciding
on the delicate balance between govern-
ment control and the freedom of
individuals—a freedom that is needed
to help stimulate the modernization of
China—is a weighty responsibility of
the leadership.

At the free market in Xian, a city of three
million, a potter sets up shop with a heavy load
of clay pots.

THE TREND TOWARD
FREE ENTERPRISE
Private enterprise is booming in China.
There were an estimated 10.6 million
private businesses at the end of 1985,
compared to less than 0.7 million only
five years earlier. Our hosts in 1982
were proud of the free markets, and we
were often taken to them to shop and
see the activities. In 1984, for the first
time, vegetables and fruit sold in free
markets exceeded those sold in state-
operated markets.

China now has more than six million
private shops and stores, a million
private restaurants, and lesser numbers
of individually operated businesses offer-
ing repair, service, and transportation.
The government sanctions and en-
courages most of these small businesses.
Only time will tell how far this recent
trend can be carried within the overall
socialistic system that remains at the
heart of Chinese policy. 24



". . .the chance to get to know Chinese
people and live close to them
is the major benefit of being involved
in teaching here."

THE BEST PART:
MEETING THE PEOPLE
My concluding remarks have to do
with the people of China. We were
overwhelmed by the friendliness and
warmth of our dozens of hosts across
China, and we have nothing but respect
and high regard for these individuals
who did so much for us. We were
fortunate to meet people from all walks
of life—peasant farmers (with whom
we could communicate through a
Cornell student who was teaching
English at Southwestern Jaiotong
University), many students ranging in
age from the kindergarten to the
graduate level, faculty members and
administrators (many of whom had
relatives in the United States), Tibetans
(on our journey up Mt. Emei), guides,
interpreters, and service people. The
warmest contacts of all were with the
dozens of Cornellians and the families
of Chinese scholars who were visitors
in civil engineering at Cornell at the
time we were in China.

I kept a daily diary, in quite some
detail, during the trip. The final entry,
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departed for Hong Kong from Shang-
hai, expresses my lasting feelings about
the experience:

We lift off in the British jet and leave
China, very happy that we had the
chance to visit here and already talking
about coming back. And we would
want to come back on a "working
holiday" rather than on a pure vacation
trip. The lecture contacts gave us much
closer contact with the Chinese people
and also gave us a most enjoyable
"preferred status" that meant never
being dragged around in a big group,
etc. But the chance to get to know
Chinese people and live close to them is
the major benefit of being involved in
teaching here, plus the good feeling of
having contributed to their quest for
modernization.

Richard N. White is a professor in the
Department of Structural Engineering at
Cornell. He has been a faculty member
since 1961 and served as director of the
School of Civil and Environmental En-
gineering from 1968 to 1984.

His specialties include concrete structures
and structural modeling. His current and

recent research is in the areas of structures
for nuclear reactors, engineering design for
earthquake resistance, timber construction,
and structures for offshore oil drilling. For
the past five years he has been a consultant
to the Sandia National Laboratory on
nuclear reactor containment structures;
earlier he spent a leave as a staff associate at
Gulf General Atomic. He is a co-author of

four books on structural engineering.
He is also an amateur photographer of

distinction, as his photographs for this
article demonstrate. He has won a number
of prizes in competitions and had a one-
man show of color prints in Ithaca.

White earned his three degrees in en-
gineering at the University of Wisconsin.
Before coming to Cornell, he worked for a
firm of consulting engineers in Madison,
Wisconsin; he is a registered professional
engineer in the State of New York.

His honors include election as a fellow of
the American Concrete Institute (ACI) and
of the American Society of Civil Engineers
(ASCE), which awarded him the Colling-
wood Prize. He is a member also of the
National Society of Professional Engineers,
the American Society for Engineering Edu-
cation, the Earthquake Engineering Re-
search Institute, and the International
Association for Structural Mechanics in
Reactor Technology.



FACETS

All of the Family: The Hungs from China
Study Materials Science at Cornell
When Qi Tong left Shanghai this
summer to go to college in the United
States, she did not have to say goodbye
to her family. Both her parents and her
brother were already here—all three at
Cornell's Department of Materials
Science and Engineering.

The father and mother are Liang
Sun Hung and Long-ru Zheng (who
uses her own family name rather than
that of her husband, as Chinese women
have done since 1912). They recently
earned Cornell doctorates in MS&E
and are now research associates in the
laboratory. Their son, Qi Zhong Hung,
is a first-year graduate student, and Qi
Tong finished high school a year ago.

They would not be here, together,
except for a Cornell faculty member
who went out of his way to help them.
The story begins in 1976, when Professor
James Mayer met Liang Sun Hung at a
conference in Beijing. Hung, a physicist
from the Institute of Nuclear Research
in Shanghai, shared Mayer's interest in
the use of ion beams for the analysis
and modification of materials.

When Mayer returned to China to
give a lecture in 1979, he was pleased to

Mayer
find that Hung had been appointed his
interpreter. Mayer spoke slowly and
distinctly, curtailing his usual colorful
language, and Hung translated phrase
by phrase. Afterward the two men had
tea together and talked about everything
from physics to politics. They soon
became friends.

At that time Mayer taught at the
California Institute of Technology, and
he invited Hung to come as a visiting
scientist. Hung had barely arrived in
California, however, when Mayer de-
cided to accept an offer to join the
faculty at Cornell. What to do about
Hung? Mayer could hardly ask Cornell
to hire not only him, but a colleague as
well. Instead, he convinced Hung to
come along as one of his graduate
students. Although Hung was a re-
spected scientist in his middle years, he
had no Ph.D., for the doctorate is not
offered in Chinese universities.

Hung entered graduate school in
July 1980. Despite the difficulties of
working with fellow students half his
age, in a foreign country, far from
home, he fulfilled all the normal require-
ments and received the degree in 1984.

When her husband left for the United
States, Long-ru stayed behind to con-
tinue her work at the Shanghai Institute
of Metallurgy. The couple had been
high-school classmates in Shanghai,
and both had majored in physics at
Nanjing University before returning to
Shanghai to begin their professional 26



Liang Sun Hung

work. When Long-ru learned that her
husband had entered a graduate pro-
gram, she decided to try for her own
doctorate at an American university.
Without telling Hung, she applied for
and was offered a fellowship at the
University of Wisconsin, to begin in the
fall of 1980. She barely had time to
send word that she was on her way.

Her first experience of the United
States was not auspicious. Hung met
her at Kennedy International Airport
with plane tickets to Wisconsin, but
somehow, in the excitement, the tickets
were lost or stolen. The couple barely
had enough money to buy a second set
of tickets to Madison.

After Hung returned to Cornell,
Long-ru was on her own. She began
her classes, including a course in English
for foreigners. But she was lonely, and
as the weeks passed the Wisconsin

27 winter grew bitterly cold. Professor

Mayer began trying to get her admitted
to Cornell so that husband and wife
could be together.

The graduate faculty in materials
science and engineering voted to accept
her, but the maximum number of
students in the Graduate School had
already been reached. Mayer thought
that perhaps she could be hired as a
research assistant, but her student visa
would not allow that. Finally the
Graduate School was convinced that
an exception should be made, and
Long-ru was admitted. She arrived at
Cornell in January 1981.

The couple's children continued to
live in Shanghai, with their grand-
parents. Qi Zhong enrolled as a physics
major in Fudan University. During a
third trip to China in 1983, Mayer tried
to arrange for him to transfer to
Cornell as an undergraduate, but an
exit visa did not come through and Qi
Zhong continued at Fudan. In June
1985, he was finally able to come to
Cornell as a graduate student in,
naturally enough, materials science and
engineering. His father had received his
Ph.D. the year before, and his mother
had just gotten hers.

All three have chosen different areas
of research. Hung studies particle-solid
interactions, particularly ion-induced
metastable phases that have applications
to semiconductor materials. According
to Mayer, "Hung is really outstanding
in experimental work." Since his arrival
in this country at the end of 1979, his
name has appeared on some sixty-five
publications. Long-ru does research on
silicide formation in submicrometer
structures; she is especially interested in
the effects of impurities. Mayer is
equally enthusiastic about her. "In

Long-ru Zheng

addition to intelligence and diligence,"
he said, "she has the gift of luck. She
picks problems that are important,
solvable, and interesting." Qi Zhong is
not yet sure what direction his research
will take, but he thinks it might
concern the five-fold icosahedral phase
of aluminum alloys.

Three members of one family all
working in the same research laboratory
is unusual enough, Mayer remarked,
but when the three are from the
People's Republic of China, the situa-
tion may well be unique. "What is most
gratifying," he said, "is that the parents
are both top-notch researchers, con-
tributing a great deal to our program,
and the son seems ready to carry on the
family tradition."

Living in the United States has
required considerable adjustment for
the family. Both the parents and the son
recalled that at first they were too



Qi Zhong Hung

occupied with their work to think very
much about cultural differences. But
they soon recognized the need to make
some adaptation to the American way
of life.

The first necessity was a good com-
mand of English. All three had studied
English in China, but a classroom
knowledge of a foreign language hardly
prepares one to speak it every day.
Mayer laid down the law: no Chinese
was to be spoken in Bard hall. In
addition, he helped Hung and Long-ru
with their scientific papers, and he
recommended that they watch television.
Since they generally return to the lab in
the evening, they do not watch as much
as many Americans. But they usually
see the evening news, and they like
game shows, especially "Family Feud."

Long-ru noted that Chinese and

Americans have different ways of dealing
with one another in everyday life. She
had to learn that when Americans offer
to help with something, they really
mean it. The Chinese may be more
polite, she said, but their conventional
courtesy often conceals their true
feelings.

She also suggested that there may be
a difference in what motivates Chinese
and Americans. Her English instructor
in Wisconsin once posed the question,
"Why do you work hard?" A Chinese
student answered, "I work hard for the
Revolution." Surprised, the instructor
explained that most Americans would
say, "I work hard for money." Hung
commented that the Chinese student's
response was "politically correct" but
not necessarily honest, and that after
recent changes in the Chinese economic

system, either answer might be ac-
ceptable. (The Hung family seems
driven by yet another kind of motivation—
the challenge of research.)

A major change for the family was
the acquisition of an automobile. In
China there are no private automobiles,
but Hung was assured that here he
would need one. He learned to drive,
got a license, bought a used car, and
taught Qi Zhong how to drive too.
When he realized he was spending too
much to keep the old car going, he
ordered a new one: a Toyota Tercel.

Having come to understand something
about life in the United States, Long-ru
is disturbed by distortions in each
country's view of the other. The Chinese
have no opportunity to become ac-
quainted with American ways—they
are not even permitted to see American 28



movies. On the other hand, Americans
often misunderstand Chinese policies,
she said. The requirement for rural
service, put into effect after the Revolu-
tion, is an example. Long-ru explained
that this was not a punishment imposed
on intellectuals, but part of the great
Chinese experiment—an attempt to
make city people aware of the economic
contribution of agricultural workers.
In 1965 she and Hung both spent nine
months in agricultural cooperatives
outside Shanghai.

Research in materials science has a
high priority in China today, Hung
said. For instance, expertise must be
developed to use and maintain the
VLSI equipment that is now being
bought from the United States. And
eventually, China wants to develop its
own semiconductor business. Tech-

nological research has great potential
for bringing China into closer contact
with other nations, Hung suggested. A
new laboratory for research in ion-
beam modification of materials, to be
located at the Shanghai Institute of
Metallurgy, is being planned as an
"open lab" where visiting scientists
from abroad can come to work.

Qi Tong, the last of the Hung family
to arrive, is now in her first semester at
SUNY, Binghamton. She has also been
accepted by Cornell, and hopes to
transfer in the spring. She is majoring
in physics, and it would not be sur-
prising if she were to follow her parents
and her brother into the field of
materials science. Perhaps some day
the entire Hung family will be hosting
American scientists at the research
facilities in Shanghai.—DP
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REGISTER

• A chaired professor new to the
College this year is Herbert B. Voelcker,
the Charles W. Lake, Jr. Professor of
Productivity in the School of Mechanical
and Aerospace Engineering. For the
past twenty-five years he was on the
electrical engineering faculty at the
University of Rochester, where he
founded and led the Production Auto-
mation Project. In 1985-86 he served as
deputy director of the design, manufac-
turing, and computer engineering divi-
sion of the National Science Foundation.

Voelcker holds B.S. and S.M. degrees
from the Massachusetts Institute of
Technology, and a Ph.D. (granted in
1961) from the Imperial College of
Science and Technology in London. He
began his career as a mechanical en-
gineer, but switched to electrical en-
gineering during army service in the
1950s. For many years he worked in
communication research, including
digital signal processing, and later be-
came interested in computer science,
particularly programmable automation.

He is a fellow of the Institute of
Electrical and Electronics Engineers,
and has received awards from that

organization and from the Society of
Automotive Engineers. He has been a
Fulbright junior fellow, a NATO senior
fellow, and, most recently, a visiting
senior fellow of the Science and
Engineering Research Council in the
United Kingdom.

• Thomas Parks joined the faculty of
the School of Electrical Engineering this
fall as a full professor. Previously he
was at Rice University. His academic
degrees, including the Ph.D. (granted
in 1967), are all from Cornell.

Parks has written two books on
digital signal processing. He has received
the Technical Achievement Award of
the Acoustics, Speech, and Signal Pro-
cessing Society of the Institute of
Electrical and Electronics Engineers,
and has been honored also with the
Alexander von Humboldt Senior Scien-
tist Award and a senior Fulbright
fellowship.

• A new associate professor is William
M. White in the Department of Geo-
logical Sciences. He was graduated
from the University of California at
Berkeley, and received a Ph.D. in
oceanography from the University of
Rhode Island in 1977. He did post-
doctoral work at the Carnegie Institu-
tion in Washington and at the U.S.
Geological Survey in Denver.

White was a staff scientist at the Max
Planck Institut fur Chemie in Mainz,
Germany, from 1980 to 1985, and then
spent a year teaching at Oregon State
University. His research interests include
isotope and trace-element geochemistry
of oceanic igneous rocks and marine
sediments, and the chemical evolution
of the mantle and crust.

Voelcker

fr -

Parks
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• Assistant professors appointed this
fall include three in the Department of
Computer Science: Keith A. Marzullo,
Prakash Panangaden, and Keshav
Pingali.

Marzullo studied physics and astro-
physics as an undergraduate at Occi-
dental College, and did his graduate
work in computer science at Stanford
University. After receiving his doctorate
in 1984, he was the manager of a
software advanced development team at
Xerox in Palo Alto.

Panangaden earned three degrees in
physics—the M.Sc. at the Indian Insti-
tute of Technology in Kanpur, the M.S.
at the University of Chicago, and the
Ph.D. at the University of Wisconsin at
Milwaukee—and then took a second
master's degree in computer science at
the University of Utah, where he taught
for four years. He came to Cornell in
1985, first as a visiting scientist and then
as a faculty member; his regular appoint-
ment began this fall. Panangaden's field
of research is the semantics of pro-
gramming languages, especially those
relevant to distributed systems.

Pingali earned the degree of B.Tech.
in electrical engineering at the Indian
Institute of Technology in Kanpur, and
studied for the S.M. and Sc.D. degrees
at the Massachusetts Institute of Tech-
nology. His thesis work was in pro-
gramming languages for parallel com-
puters. Before coming to Cornell he was
a postdoctoral research associate at
M.I.T. He was awarded an IBM Faculty
Development Award for 1986-87.

New to the School of Electrical
Engineering faculty are assistant pro-
fessors Venkat Anantharam and Lloyd
Hillman.

31 Anantharam earned the degree of

B.Tech. at the Indian Institute of
Technology in Madras, where he won
the President of India Gold Medal and
the Phillips India medal for academic
excellence. He did his graduate work at
the University of California at Berkeley,
earning the M.S., the M.A. (in math-
ematics), and (in 1986) the Ph.D. His
specialty fields are queuing theory,
communication networks, and stochas-
tic processes.

Hillman earned the B.S. degree at the
University of Arizona and the Ph.D. in
1984 at the University of Rochester.
Before joining the Cornell electrical
engineering faculty, he worked at
Kodak's research laboratory on optical
recording systems, and also was a
research associate at the Institute of
Optics at the University of Rochester.
His current research is in the areas of
semiconductor lasers and coherent op-
tical communications.

Appointed to the Department of
Materials Science and Engineering is
Christopher K. Ober, who came to
Cornell from the Xerox Research Center
of Canada, where he worked for four
years. He received his undergraduate
education at the University of Waterloo
and his graduate education at the
University of Massachusetts, which
awarded him the Ph.D. in 1982. One of
his responsibilities at Cornell is to
supervise his department's new Polymer
Synthesis Laboratory.

Mark L, Psiaki came to the Sibley
School of Mechanical and Aerospace
Engineering from Princeton University,
where he studied physics as an under-
graduate and completed doctoral study
in mechanical engineering this year. His
appointment is as an acting assistant
professor. Before beginning graduate

work, Psiaki worked for four years
doing mechanical design and testing for
RCA Astro-Electronics. His research
interests are in manufacturing engineer-
ing, robotics, control systems, and
optimization.

A new faculty member in the School
of Operations Research and Industrial
Engineering is Joseph S. B. Mitchell,
who recently completed Ph.D. work in
operations research at Stanford Univer-
sity. He earned B.S. and M.S. degrees
in mathematics and physics at Carnegie-
Mellon University in 1981, and for the
next five years worked at the Hughes
Artificial Intelligence Research Center.
His specialty field is applied optimiza-
tion and probability.

• Michael J. Todd, professor of opera-
tions research and industrial engineering,
has begun a four-year term as director
of the University's Center for Applied
Mathematics. He succeeds Philip J.
Holmes, professor of theoretical and
applied mechanics.

Todd holds the B.A. degree from
Cambridge University, England, and
the Ph.D. from Yale University. He is
currently editor-in-chief of Mathemati-
cal Programming.

• The new director of minority pro-
grams at the College is Judy Jackson,
who served as coordinator of advising
during the previous year. Jackson came
to Cornell from Bucknell University,
where she was director of the Office of
Minority and Foreign Student Advising,
and she has taught at Susquehanna
University. She holds a B.A. degree
from the University of North Carolina
at Greensboro and an M.A. from
Bucknell.



Phoenix Pottle

• Three faculty members began terms
as associate deans of the College this
fall. They will spend half time in their
administrative functions.

Philip L.-F. Liu, professor of en-
vironmental engineering, is the associate
dean for undergraduate student affairs.
He oversees the Office of Undergraduate
Student Affairs, which administers pro-
grams in admissions, advising and
counseling, and minority affairs.

Liu has been at Cornell since 1974,
when he received the Sc.D. degree at
the Massachusetts Institute of Tech-
nology. He did his undergraduate work
at National Taiwan University. Liu was
awarded the Walter L. Huber Research
Prize by the American Society of Civil
Engineers in 1978, and a Guggenheim
fellowship in 1980. His specialties are
fluid mechanics and coastal engineering.

The associate dean for research and
graduate studies is S. Leigh Phoenix,
associate professor of mechanical and
aerospace engineering. At Cornell he is
associated also with the Materials
Science Center and the Center for
Applied Mathematics.

Phoenix earned bachelor's and

master's degrees at the University of
Guelph, and the Ph.D. at Cornell.
Before joining the faculty in 1974, he
worked for two years at Fabric Research
Laboratories in Dedham, Massachusetts.
He spent a sabbatical leave at the
Lawrence Livermore National Labora-
tory. In 1983 he received the Fiber
Society Award.

Christopher Pottle, professor of elec-
trical engineering, is the new associate
dean for computing, with reponsibility
for supervising all aspects of computing
in the College, including operation of
the Computer Aided Design Instruc-
tional Facility (CADIF) and other
College computing facilities. Pottle is
assisted by Anthony R. Ingraffea,
associate professor of civil and environ-
mental engineering, who served as
director of CADIF from January to
June of this year and will continue in an
advisory capacity.

Pottle holds the B.Eng. degree from
Yale University and the M.S. and Ph.D.
from the University of Illinois at
Champaign-Urbana. After receiving the
doctorate in 1962, he taught at Illinois
before coming to Cornell later that year.

He has been a Fulbright scholar at the
University of Erlangen-Nuremberg,
Germany, and a visiting professor at
Carnegie-Mellon University, and he has
spent sabbatical leaves at the IBM
Watson Research Laboratories and the
General Electric Company. In addition
to computer-aided design, his research
interests include power-system simula-
tion, parallel computer processing, and
network theory.

• Other academic administrative appoint-
ments include those of two associate
directors in the School of Operations
Research and Industrial Engineering:
Lionel I. Weiss in undergraduate educa-
tion and William L. Maxwell in graduate
education. The school's director is
Leslie E. Trotter, Jr.

In the Department of Computer
Science, Vincent Gibbons, formerly an
executive with the Sperry Corporation,
has been appointed associate chairman;
David Gries continues as chairman.

In the School of Civil and Environ-
mental Engineering, James Gossett was
named associate director; Peter Gergely
continues as director. 32



VANTAGE

$135 Million Master Plan Calls for
Transformation of the Engineering Campus
An ambitious building program that
will update and greatly expand the
College's physical plant over the coming
decade was outlined during the summer
and is already beginning to be im-
plemented.

The aim, according to Dean William
B. Streett, is to "sustain the excellence
in education that is the Cornell hallmark,
and to maintain the ranking of the
College as one of the finest engineering
institutions in the world."

The master plan, presented in pre-
liminary form this past summer, calls
for a $135-million program of renovation
and new construction, designed to meet
present and anticipated needs. A 50-
percent increase in floor space, now
about 500,000 net square feet, is planned.
No enlargement of the engineering
campus will be required, but the quad-
rangle will have a very different look.
The present buildings will be retained,
but all will be updated and some will be
extended. Existing and new stuctures
will be interconnected (except probably
for Olin Hall, across the road from the
rest of the quadrangle). Possible sites

33 for new buildings and additions are

indicated in the architects' sketch on the
following page.

The overall project will proceed in
stages, Streett said. Although the order
in which they will be implemented has
not yet been fully established, some of
the early phases have been initiated or
approved.

Two projects that were begun several
years ago and have been integrated into
the master plan are the addition of two
stories to Upson Hall, now nearing
completion, and work on Olin Hall,
targeted to begin in late 1987. The two
floors being added to Upson will more
than double the space available for the
Department of Computer Science, pro-
viding for expanded laboratories, a
library, a lounge, and an administration
area. The renovation in Olin will update
the facility and provide 6,000 square
feet of recovered space.

The next phase will center on the
construction of new buildings for
Cornell's recently established super-
computing facility and for electrical
engineering. Plans for the supercom-
puter building have been approved and
already $10 million in funding has been

secured as a grant/ loan package from
the State of New York. As part of the
project, Phillips Hall, where the School
of Electrical Engineering is now located,
will be renovated and enlarged to
accommodate the School of Operations
Research and Industrial Engineering. A
connection between Upson and Phillips
will also be built.

Other proposed projects are construc-
tion of an addition to Bard Hall for
Materials Science and Engineering; con-
struction of an addition at the south
end of Kimball Hall for the Sibley
School of Mechanical and Aerospace
Engineering; construction of an addition
connecting Carpenter and Hollister
Halls that will provide additional space
for the Engineering Library and for
College administrative offices; and ex-
pansion of "clean room" facilities for
the National Submicron Facility.

The planning process began with an
analysis of the College's educational
and research programs and by a com-
mittee of senior faculty members headed
by Herbert H. Johnson of the Depart-
ment of Materials Science and Engineer-
ing. The committee considered where



New construction envisioned for the en-
gineering campus is illustrated in this sketch.
Possible new structures are shown in white.
The architects and College officials empha-
size, however, that no attempt has been
made in this feasibility-study drawing to
indicate what the buildings would actually
look like. The large "shoe box" along
Campus Road, for example, shows only the
probable location of a building for the new
super computing center.

A two-story addition to Upson Hall
(center rear), to be ready in January, will
provide more space for the Department of
Computer Science.

the College is with respect to its
purposes, where it should be headed,
and what is and will be needed to
maintain Cornell's leadership position
in engineering education and research.
A major conclusion was that the
physical plant, originally designed almost
exclusively for undergraduate education,
must be made suitable for modern
programs of education and research,
and expanded to accommodate the
larger numbers of students and others
now using the facilities.

An architectural firm, Bohm-NBBJ

of Columbus, Ohio, conducted a feasi-
bility study in consultation with College
faculty members and administrators,
and with the help of Dober and
Associates of Belmont, Massachusetts,
specialists in space planning for aca-
demic institutions. Options for new
construction and renovation were out-
lined. Actual siting and design will be
determined in the course of archi-
tectural design, to begin this fall. The
architectural firm of Gwathmey-Siegel
of New York has been selected to carry
out the first phase. 34



A priority in the College's building
plans is a facility for the national
supercomputing center at Cornell—the
Center for Theory and Simulation in
Science and Engineering (the Theory
Center). It is temporarily decentralized—
located in parts of Olin Hall of Chemical
Engineering and the old Comstock Hall
on the Agriculture and Life Sciences
campus.

The new facility is to be built on the
engineering campus because of the
center's close ties with engineering
activities and personnel. More than half
the Cornell faculty members working
with the supercomputer are from the
College.

The supercomputer program at
Cornell was established in 1984, largely
at the initiative of physics professor
(and Nobel laureate) Kenneth G. Wilson,
who is the director of the center. Last

year Cornell was selected by the National
Science Foundation as the site of one of
five national supercomputing centers,
and already more than six hundred
university, government, and industrial
researchers have used the facility. NSF
provided funding of $60 million for the
first three years, and this was augmented
by corporate support, including $30
million from IBM. This fall a Gould
super minicomputer was received.

The primary research tool is the
Production Supercomputer Facility
(PSF), consisting of an IBM mainframe
and Floating Point Systems processors.
The computing speed is 600 megaflops,
or 600 million operations per second,
and the storage capacity is more than
105 gigabytes, or 105 billion pieces of
information.

The Cornell program has special
thrusts in the advancement of graphics,
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software, and communications, and in
the development of highly parallel
supercomputers, which offer the pos-
sibility of much greater speed than
systems operating in a sequential mode.
The center also sponsors informational
programs, such as the two-day national
conference in October on "Scientific
Advances in the Supercomputer Age"
and "The University-Industry Super-
computing Connection."

Engineering professor Ravi Sudan (at left)
is deputy director of the Theory Center. At
right is physics professor Kenneth G. Wilson,
the director.

Sudan, a faculty member in electrical
engineering and in applied and engineering
physics, is a user as well as a director of the
supercomputing facility. His research is in
the field of controlled nuclear fusion and
the physics of space plasmas.



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 December 1985 through March
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

Gates, R. S., N. R. Scott, R. E. Pitt, and D. L.
Bartel 1985. Elastic constitutive laws for cow
teat tissue undergoing finite deformations.
Biorheology 22:495-508.

Haith, D. A. 1985. An event-based procedure for
estimating monthly sediment yields. Transactions
of the American Society of Agricultural Engineers
28(6): 1916-20.

Haith, D. A. 1986. Simulated regional variations
in pesticide runoff. Journal of Environmental
Quality 15(l):5-8.

• APPLIED AND
ENGINEERING PHYSICS

Batterman, B. W. 1986. Making good use of
synchrotron radiation: The role of CHESS at
Cornell and as a national facility. Engineering:
Cornell Quarterly 20(4):3-13.

Betzig, E., A. Lewis, A. Harootunian, M.
Isaacson, and E. Kratschmer. 1986. Near-field
scanning optical microscopy (NSOM): Develop-
ments and biophysical applications. Biophysical
Journal 49:269-79.

1985. F-actin aggregates in transformed cells
contain a-actinin and fimbrin but apparently lack
tropomysin. European Journal of Cell Biology
39:313-20.

Dosch, H, B. W. Batterman, and D. C. Wack.
1986. Depth-controlled grazing-incidence diffrac-
tion of synchrotron x radiation. Physical Review
Letters 56(11): 1144-47.

Durbin, S. M., L. E. Berman, B. W. Batterman,
and J. M. Blakely. 1986. Measurement of the
silicon (111) surface contraction. Physical Review
Utters 56(3):236-39.

Durbin, S. M., L. E. Berman, B. W. Batterman,
and J. M. Blakely. 1986. X-ray standing wave
determination of surface structure: Au on Si(l 11).
Physical Review B 33(6):4402-05.
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