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PRODUCTIVITY AND ENGINEERING

by Andrew Schultz, Jr.
The failure of the United States to
maintain its international preeminence
in industry must be attributed to fac-
tors other than hardware. This country
funded and carried out the basic
research that is the foundation of im-
portant modern technologies using
computers and solid-state electronic
devices. In addition, improved mate-
rials needed for the new equipment
were developed in American research.

The chief problem of United States
industry today is insufficient growth in
productivity, and the major factors are
the political-economic environment,
corporate structures, management
practices, and the organization of
production.

THE ECONOMIC SITUATION
OF AMERICAN CORPORATIONS
The productivity needed for successful
competition in the international mar-
ketplace depends upon long-range cap-
ital improvement. In the United States
economy, the major source of new
investment in equipment and facilities
consists of net earnings after divi-
dends, plus depreciation credits, and

since 1965 these have declined in real
terms. Corporate taxes did not decline
to the same degree as profits; in fact, in
real terms taxes actually increased.
Concurrently, labor costs rose out of
proportion to productivity gains. As a
result of all these factors, any invest-
ments made to increase productivity
have had to be financed largely
through borrowing. Funds have cost
more to obtain, however; personal sav-
ings as a percentage of disposable in-
come are at a level lower than that in
any other industrialized nation, and

because of the federal deficit, the gov-
ernment competes with private indus-
try for the money that is available.

This economic situation did not
come about in a simple way, and the
cure is not simple. Recent efforts to
control inflation, decrease taxes, and
provide investment incentives show a
broadened recognition of this part of
the productivity problem, but it re-
mains to be seen whether corporate
earnings will increase enough and
whether federal competition for sav-
ings will decline sufficiently.

MANAGEMENT PROBLEMS
IN MANUFACTURING
Major changes in corporate structure
and management since World War II
have also worked against productivity
growth. One of the most important has
been a decentralization of manage-
ment; many large corporations are
now essentially agglomerates of com-
panies, which have been given great
autonomy except in the disposition of
cash. In fact, incentives used by many
corporations put a premium on cash
generation, and this discourages the 2



"Significant increase in the productivity
of an operation requires a systems approach
to the whole manufacturing process/

kind of long-range investment that is
needed for productivity growth. Fur-
thermore, high and fluctuating interest
and exchange rates introduce uncer-
tainty into investment financing, and
shorten the required payout periods.

For all these related reasons, the
strategic planning practiced by many
corporations tends toward financial so-
lutions rather than internal resolution
through marketing reorientation,
manufacturing changes, or better
product design. Corporations tend to
grow through acquisition rather than
internal development. And many firms
have elected to divest rather than to
undertake long-term internal revisions
that appear less certain of success.

The environment in which manage-
ment is measured has been affected by
the corporate changes, of course, and
this in turn affects investment prac-
tices. An individual who is climbing
the corporate ladder and expects to be
in his current job for only two or three
years is not prone to advocate invest-
ments that pay out over longer periods,
especially in the face of the goal system
operating in the corporation.

It is against this background that the
problems of production engineering
must be considered.

THE CHALLENGES IN
PRODUCTION ENGINEERING
The situation now confronting produc-
tion engineers began to develop
shortly before the United States' entry
into World War II, with a period of
growth in the volume of American
manufacturing. After the war, the in-
dustrial growth accelerated, especially
in the areas of durable consumer goods
and electronics. The larger volumes of
products led to special-purpose
equipment and line assembly proce-
dures, which were accompanied by
inflexibility and by process-organized
manufacture of parts. In the mechan-
ical industries, much of this structure
still exists, limiting the productive ca-
pacity of the companies and the na-
tion's ability to compete.

The underlying philosophy of a
modern productive enterprise requires
a system that meets the market de-
mands in sufficient variety, promptly,
in a short manufacturing cycle, with

1' line assembly procedures . . .
were accompanied by inflexibility'



minimum inventory, and, of course, at
a competitive price. The Japanese
have shown great skill in applying our
techniques and technology to achieve
these ends, in some cases without ex-
tensive introduction of the most mod-
ern equipment. It is interesting to con-
sider, in this connection, the fact that
most of the technology used in com-
petitive industrial countries originated
in the United States, and was freely
given to the people who now use it.

The important point is that the
technology needed to increase Ameri-
can productivity is the know-how, the
art of application—knowledge and
skill that it takes a certain amount of
lead time to develop. An appropriate
technology comprises not only hard-
ware, but software concepts, and in
general involves a systems ap-
proach—one that is difficult to take and
more difficult to implement. And de-
spite protestations to the contrary, this
approach comes hard to many indus-
trial organizations, accustomed as
they are to view productivity in terms
of individual machines or processes
rather than as an integrated system.

"the technology
needed to in-

crease American
productivity is
the know-how,

the art of
application"

A major problem the United States
has in competing with other countries
is that our labor costs are higher. We
have higher labor rates, although the
gap is apparently narrowing, and our
productivity per unit time is also less
than it is in some of the competing
countries.

Part of the solution to this problem is
technological, involving hardware au-
tomation. To be successful, this re-
quires a systems approach to design
for such manufacturing; requirements
include maximum standardization of
parts and subassemblies and reduction
in the varieties and sizes of stock
materials—a simplification that results
in lower inventories at all levels. The
effectiveness of such a strategy was
indicated two decades ago in a General
Electric automation study project
which found that the effect of this
approach was to greatly increase the
economy of the design, specification,
and manufacturing processes.

An associated strategy is the sub-
stitution of less labor-intensive pro-
duction operations. For example, the
use of weldments instead of fabricated

subassemblies, or of plastic forms
rather than parts requiring complex
machining and subassembly, yields
economy if the volume is sufficient.
For those items that must be manufac-
tured in the traditional way, quick-
changing dies, jigs, fixtures, and tools
can be designed. Innovation of this
kind has been a major thrust of
Japanese mechanical engineering in
recent years. In this country, excellent
research has been done—for example,
on materials for high-speed metal
cutting—but manufacturers have not
taken full advantage of associated
techniques. Significant increase in the
productivity of an operation requires a
systems approach to the whole man-
ufacturing process.

The needed elements include flexi-
ble pieces of manufacturing equipment
that can be digitally instructed, can
change their own tools, and can be
automatically loaded and unloaded;
this equipment exists today. Also
needed are robots for loading and un-
loading tools and carriers, and
materials-handling systems that can
automatically acquire, deliver, reac-



quire, and store parts, components,
subassemblies, etc. All this equipment
is fully designed and accessible. Most
of the robots that have been used in
volume were introduced in Japan after
we developed them, and their success
in increasing the volume of output led
to further improvements after the ini-
tial licensing period. The fact that simi-
lar developments did not take place in
this country has been due to manage-
rial and economic problems rather
than technological ones.

The most significant implication of
this brief analysis is that the various
components of the systems required to
provide great advances in productivity
are, in the main, available, awaiting
use. That significant productivity in-
crease will not occur rapidly is predict-
able, however, because of inherent
difficulties involved in integrating and
implementing the components.

THE NEED FOR SOFTWARE
IN MANUFACTURING SYSTEMS
One of these difficulties is an insuffi-
cient ability to develop and use ade-
quate software. The flexible manufac-

turing system which groups a few
machines presents a major software
problem; the automatic factory pre-
sents a monumental one. And unfortu-
nately, accomplishment in this area
has not been outstanding.

For example, many manufacturing
organizations installed materials re-
quirements planning (MRP) systems
for scheduling and production control
in an effort to reduce work in process
and other inventory levels while re-
sponding more rapidly to demands. It
is variously estimated that upward of
95 percent of these attempts failed, not
because of lack of effort and good
intentions, but because of software
deficiencies. Such systems require an
adequate computerized database, in-
cluding part numbers and descriptions,
machine routings, machine times, and
specifications; and the construction of
such a database requires at least two or
three years. Also, the system of pro-
duction scheduling and control often
requires modification if it is to work
effectively in a particular firm with a
specific database, and such capability
is not developed overnight.

fta systems
approach . . . is
cliff unit to take

and more
difficult

to implement."

Much has been said of CAD/CAM
(computer-aided design and com-
puter-aided manufacturing) in this
connection. Many firms can greatly
increase their engineering output per
man-hour through application of
CAD/CAM concepts, which multiply
engineering capability through com-
puter-assisted design and filing tech-
niques. Subsequently, the same data-
base and information can be used by
the manufacturing engineers to plan
and control the process technology.
Again, the greatest obstacle is
software—the lack not only of pro-
grams for executing designs, but also
of the computerized databases which
the new designs must use and modify.

The need for software increases
geometrically with expanding automa-
tion. As we shall see, this has become
quite apparent in the operation of a
number of flexible machining centers
that are, in effect, elements of a fully
automated factory.

TOWARD THE DEVELOPMENT
OF AUTOMATED FACTORIES
The flexible machining centers that
have been developed in various man-
ufacturing centers in the United States
basically process similarly-configured
parts through one or a number of digi-
tally controlled machines which
change their own tools and check their
own performance automatically. The
most automated centers are also pro-
vided with facilities for automatic han-
dling and loading. The Harris Corpora-
tion plant in Dallas, for example, has
such a center for producing rollers for
printing presses, and several plants
that manufacture tractor and industrial
machinery have similar equipment for



machining and finishing transmission
housings and other parts. In addition to
the digitally controlled tools, the key
components in such installations are
an AS/AR (automatic storage and re-
trieval system) and an automatic
material-handling system. In some
cases, robots are used for loading and
unloading the machines. These
computer-controlled operations may
in turn be integrated into the overall
production scheduling system. (See
the article in this issue by William L.
Maxwell and John A. Muckstadt.)

A system that includes automatic

''There will be
a great demand

for skilled
manufacturing

or production
engineers"

tool controls, automatic storage and
retrieval procedures, and automatic
material-handling facilities has three
interfaces, and the complexity of the
software increases exponentially with
each interface. The design of the nec-
essary software systems requires not
merely computer-programming capa-
bility, but familiarity with modern con-
trol concepts. It is a major undertak-
ing. Flexible manufacturing systems
such as the new machining centers do
not, however, demand the full
database that an automatic factory re-
quires, and much progress can be an-
ticipated in the introduction of pieces
of the automatic factory through such
systems. Their payouts are large, since
they achieve higher productivity and,
in addition, often allow inventories to
be greatly reduced. The engineering
focus will be on the design of tools,
special jigs and fixtures, and limited-
function robots. In addition, of course,
products may require some redesign to
make them suitable for this mode of
manufacture.

Robots have aroused tremendous in-
terest throughout the country, espe-

cially since it is well known that Japan
has made better progress in their use
and manufacture than we have. The
Japanese robot manufacturers began
with licenses from the United States.
Most of them proceeded to design
units for their own use and then, when
they had acquired a good understand-
ing of the product and were certain of
its quality and ability to perform, ex-
panded into production of robots for
other manufacturers. Several United
States companies appear to have de-
cided recently to follow a similar path.
So far the majority of the robots in this
country are used in operations that are
hot, heavy, or unpleasant, such as
welding or spray-painting, but at some
point they will begin to move into
machine loading, assembly, and other
boring repetitive operations. (Again,
software problems will arise because
of the creation of interfaces between
robots and other equipment.)

As these various technologies are
appropriately applied—and several
companies have major plans for doing
this—plants in which many of the op-
erations are automated will begin to be



built. In addition to the design of hard-
ware, there are two major areas in
which new engineering effort will be
required. There will be a great demand
for skilled manufacturing or produc-
tion engineers capable of providing the
necessary systems design and integra-
tion. These engineers will need com-
puter know-how, of course, as well as
knowledge of the processes involved
in a particular operation. And at a
higher level, there will be a need for
development work to define the al-
gorithms and models that will allow the
systems to be designed and operated
on paper in such a way that they work
with minimum cost and redundancy.
Each increased level of complexity
will introduce new problems and dif-
ficulties, and since relatively few edu-
cational institutions are preparing en-
gineers with both the capabilities and
the interest that are required for find-
ing solutions, manpower problems can
be foreseen.

EFFECTIVENESS OF WORKERS
AS A CRUCIAL ELEMENT
The final critical element in productiv-
ity is the worker. In much of United
States industry, workers are not actu-
ally engaged full-time in productive
activity because of the structure of
their jobs, the way the flow of work is
planned, or contract agreements. This
is a serious problem that must be dealt
with before real progress can be made.

Three basic modes of work design
predominate in American production
systems. One is paced operation, as in
an automated assembly line in which
every operation is defined in advance
and the worker's function is to keep up
with an assigned job. From the stand-

point of efficiency, the problem is that
work demand can vary, causing a good
deal of idle time. As a car moves down
an assembly line, for example, changes
in the work demand must be made to
produce different models, in different
colors, with various optional equip-
ment. The worker has minimal input to
the design of the tasks, and little ability
to change them.

The second practice involves the
piece-rate incentive associated with a
frozen method of performing a job. A
methods engineer has designed the job
and the fixtures, selected the tools, and
written the specifications, and on this
basis the job is timed and a piece rate
established for calculating the work-
er's pay. As time passes, the worker
generally finds many ways of improv-
ing the method, but does not find it to
his benefit to divulge them, since ordi-
narily the result would simply be a new
piece rate.

The third procedure in this over-
simplified representation is the em-
ployment of skilled workers on an
hourly basis. Such an employee, pre-
sumably supervised by a foreman, per-

"workers are
not actually
engaged full-
time in
productive
activity"
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forms a job in the way he or she deems
best.

There are two critical elements in all
these ways of managing labor: one is
the physical design of hardware, and
the other is worker motivation.

It is interesting to note that in the late
1920s and early 1930s, Allan Mogen-
sen, a Cornell B.M.E. graduate of
1924, originated the concept of "work
simplification," which called for an
organized program to involve the
workers in the design and improve-
ment of operations, with the goal of
achieving quality products at an eco-
nomical cost. The Japanese quality
circles are direct descendents of
Mogensen's procedures, and even use
the slogan he originated: "Work Smart-
er, Not Harder."

In this country, a number of firms
have developed organized procedures
for involving workers in the planning
and improvement of manufacturing
operations, and in the main, these
companies have improved their pro-
ductivity year after year. Examples are
the Dana Corporation and others who
practice the Scanlon Plan, and the Lin-

" the major
obstacle will be

the resistance
of middle

management"

coin Electric Company with its incen-
tive program. In both systems, the
emphasis is on change.

Studies that have been made in the
attempt to define the sources of in-
creased productivity in United States
industry show that most of the im-
provement can be attributed to better
technology, and a smaller amount is
the result of capital investment. The
fact that labor practices were not a
significant factor suggests that this
area has been neglected. For success-
ful factory automation, however, in-
creased worker motivation is abso-
lutely essential because a higher level
of competence will be demanded. Pro-
visions will have to be made for train-
ing workers for new responsibilities.
Properly handled, with suitable pre-
cautions to protect jobs, it is unlikely
that such developments will encounter
much opposition from the workers or
the unions.

MANAGEMENT PROBLEMS
IN MAKING CHANGES
Once top management becomes con-
vinced that a reordering of manpower

is economical and essential for the
preservation of a particular business or
activity, the major obstacle will be the
resistance of middle management, and
the most difficult problem will be the
reorientation or training of this group.
The long, sad history of the introduc-
tion of automatic data-processing sys-
tems demonstrates this, and the advent
of the far more complex systems for
integrating people, automatic tools and
handling equipment, and robots can be
expected to produce similar difficul-
ties. It is middle management that
deals with the workers and supervises
the operation of all systems, software
and hardware; and it is middle man-
agement that will be most affected by
any change and most threatened by
new philosophies of labor practice.
Overcoming this obstacle presents or-
ganizations with a major challenge.

The organizational need is for staff
people—managerial and technical—
who are equipped and willing to deal
with rapid technological changes,
people who are capable of recognizing
and introducing useful or essential
innovations.



"For successful factory automation . . .
increased worker motivation
is absolutely essential"

CHALLENGES FOR INDUSTRY
AND FOR EDUCATION
In summary, resolutions of the prob-
lems facing United States industry and
therefore the whole economy depend
on a variety of changes in the manage-
ment and environment of industrial
organizations.
• Increases in the productivity level
will require a more stable price struc-
ture, and economic conditions condu-

• ci ve to the kinds of investment that are
needed.
• A better relationship between pro-
ductivity gains and labor costs must be
achieved.
• Upper management must be not
merely concerned, but knowledgeable
about the types of manufacturing sys-
tems that are required if correct ap-
praisals of short- and long-run eco-
nomic impact are to be made.
• Organized and long-term programs
of education for middle management
and workers must be instituted in order
to change attitudes and develop
capabilities. From the engineering
viewpoint, a significant prospect is

9 that greater front-end industrial plan-

ning will be needed for economical
development and implementation of
software-hardware systems. And this
in turn will require more emphasis on
the education of engineers capable of
handling such challenges. Faculties
will need to devote research to the
development of techniques that will
remove or ameliorate the inevitable
difficulties.

Only if progress is made in all these
areas and activities will United States
industry again become competitive.

Andrew Schultz, Jr. has spent many years
at Cornell as student, professor, depart-
ment head, and dean of the College of
Engineering, and though he became the
Spencer T. Olin Professor of Engineering,
emeritus, several years ago, he continues
to be active in educational and pro-
fessional affairs at the University and
nationally. He was honored in 1980 by the
establishment of the Andrew Schultz, Jr.
Professorship of Industrial Engineering, a
chair that will be filled by a participant in
the new Cornell Manufacturing Engineer-
ing and Productivity Program (COMEPP).

Schultz earned two degrees at Cornell,
the baccalaureate in 1936 and the docto-
rate in 1941. He participated in the devel-
opment of operations research techniques
after World War II, and later took a leading
role in the development of operations re-
search as a discipline. He served as head of
the University's industrial engineering and
administration department for twelve
years and as dean of the College for nine
years, until 1972.

He has been active at the national level
in engineering education, particularly as a
board member of the Engineers' Council
for Professional Development and as a
member of the Commission on Education
of the National Academy of Engineering.
He spent his sabbatical leaves in practice
and research, including a year as vice
president and director of research for the
Logistics Management Institute in
Washington, D.C. He has served for many
years as an industrial consultant and is on
the boards of several firms. Schultz is a
fellow of the American Institute of Indus-
trial Engineers and of the American Asso-
ciation for the Advancement of Science,
and a member of numerous professional
and honorary societies in the areas of
engineering education, management sci-
ence, and operations research.



TOWARD REVITALIZED U.S. INDUSTRY

Cornell's New Program in
Manufacturing Engineering and Productivity

The crucial national need for industry
that can hold its own in an increasingly
competitive world market has placed
new demands on engineering institu-
tions and educators.
• University-based research must
help develop technologies and indus-
trial procedures that will increase in-
dustrial productivity.
• Educational institutions must help
transfer the technology to industries
through information exchange, coop-
erative research, and postgraduate
as well as undergraduate and graduate
education.
• And education must adapt by pro-
ducing a new breed of engineers, pre-
pared to implement modern manufac-
turing methods.

Cornell University is responding to
these issues with a major new pro-
gram, the Cornell Manufacturing En-
gineering and Productivity Program
(COMEPP), which will provide coor-
dination, focus, and support for work
in this area. Substantial research is
already in progress, and the Univer-
sity, particularly the College of En-
gineering, already has considerable

strength in crucial areas. COMEPP
will enlarge the effort and make it more
comprehensive. It will also facilitate
cooperative ventures by university
and industrial personnel—a kind of
interaction that is on the rise in many
branches of technology, but is espe-
cially appropriate in manufacturing
engineering.

CORNELL'S IDEA
AND ITS DEVELOPMENT
The basic purpose of the Cornell pro-
gram is to promote effective interac-
tion between university and industrial
personnel, with each group contribut-
ing its special expertise. Cornell will
benefit from an enriched instructional
and research program with new per-
spectives. The active participation of
company people will ensure that what
is being developed on campus has di-
rect utility in industry.

The initial core faculty of COMEPP
consists of eight professors, mostly in
the Sibley School of Mechanical and
Aerospace Engineering (M&AE) and
the School of Operations Research and
Industrial Engineering (OR&IE) (see

the photographic spread on pages 12
and 13). They include K. K. Wang of
M&AE and John A. Muckstadt of
OR&IE, who are serving as co-
directors of the program during the
organizational phase. The preliminary
plans call for an increase in the core
personnel to about thirty, including
professors, research and postdoctoral
fellows, and support staff. In addition,
many other faculty members at Cornell
who have teaching and research inter-
ests with a bearing on manufacturing
will be associated with COMEPP;
more than twenty have already been
identified.

According to directors Wang and
Muckstadt, about a dozen industrial
organizations will be part of the pro-
gram at the outset; an effort will be
made to involve a broad mix of firms
and technologies. Each of these or-
ganizations will be expected to provide
support valued at a minimum of
$100,000 annually. Such support can
take many forms, such as research
contract sponsorship, fellowships,
equipment, software packages, or the
sharing of professional personnel. The 10



"emerging technologies . . . must be well coordinated
if substantial improvement is to be achieved.
The key is computer control/'

kinds of interaction will vary, but in all
cases the industrial members will par-
ticipate actively in COMEPP activities
and have direct contact with the Uni-
versity faculty, staff, and students.

Equipment already on hand in the
engineering laboratories is sufficient
for a good beginning. Mechanical en-
gineering facilities, for example, in-
clude a computer-controlled three-axis
milling machine, a wide variety of ma-

* chine tools, a small computer-
controlled robot arm, an injection-
molding machine, and friction and
upset welding machines, as well as
computing equipment and graphics
terminals. Much of this equipment is
used also for laboratory instruction.
Substantial additions to the program
facilities, including a large computer
and a graphics facility, are to be added
during the next few years.

Research support of about $800,000
a year is currently available through
grants and contracts from government
and industry for a score of ongoing
projects. Additional support of about
$1.5 million a year is anticipated by the

11 end of 1984.

THE EMPHASIS ON COMPUTER
CONTROL OF OPERATIONS
The potential for increased industrial
productivity is offered by emerging
technologies in materials, manufactur-
ing processes, machine and tool con-
figuration, and the control of systems
for manufacture and distribution. A
central idea of the Cornell program is
that these elements must be well coor-
dinated if substantial improvement is
to be achieved.

The key is computer control (see
Figure 1). CAD/CAM (computer-aided
design arid computer-aided manufac-
turing) is already making an impact in
many industries, and the time is
rapidly coming when software will
order the planning and operation of
entire systems of production. Com-
puter technology will continue to ad-
vance, bringing with it new capabilities
and lower costs.

In the factories of the future, direct
numerical control (DNC) will be used
for specific machine operations. CAD
will expand to include the routine test-
ing of proposed products at the con-
sole, reducing development time.

Computer-controlled automation will
be introduced in the form of robots and
guided vehicles for moving materials
and products. Day-to-day operations
such as scheduling and ordering, and
also longer-range planning for the stor-
age and retrieval of parts, subas-
semblies, and finished goods, will be
controlled by a computer complex.
Many components of these systems
are already available and a few are in
place.

In view of the importance of com-
puter control, it is significant that the
core faculty in COMEPP consists of
people who are making extensive use
of computer-aided methods in their
research.

THE PROGRAM FOCUS ON
MANUFACTURING RESEARCH
The focus of COMEPP is a broad-
based program of basic and applied
interdisciplinary research on manufac-
turing.

In the applied research activities,
industrial sponsors will work closely
with the faculty and students. One

(continued on page 14)



Wang

Schruben and Muckstadt

The initial core faculty members of COM-
EPP are the eight professors shown on
these pages. They include co-directors K.
K. Wang of the Sibley School of Mechan-
ical and Aerospace Engineering (M&AE)
and John A. Muckstadt of the School of
Operations Research and Industrial En-
gineering (OR&IE), representing the two
research areas with the greatest involve-
ment in manufacturing engineering.

Wang heads a major interdisciplinary
research project on computer-aided injec-
tion molding that is supported by the Na-
tional Science Foundation and a dozen
industrial companies. This project, which
Wang will write about in the winter issue, is
aimed at the development of an integrated
system for mold design, mold making, and
process control, making use of basic
knowledge in fluid mechanics, materials
engineering, and computer technology.
Wang's current research also includes
work on friction welding, nondestructive
testing and acoustic emission techniques
for weld quality control, and the numerical
simulation of thermal stresses in a cutting
tool.

Muckstadt's current research is con-
cerned with the location and sizing of
"safety stocks" of materials; the planning
of lot sizes; systems for automatic guided
vehicles in factories; and systems for pro-
curing and storing materials.

Also from OR&/E is Assistant Professor
Lee W. Schruben, author of an article in
this issue, who specializes in the simulation
of manufacturing systems and large-scale
industrial processes, and in modeling
techniques. He is concerned also with en-
gineering economic analysis.

A key member of the group is William L.
Maxwell, professor of OR&IE, who spe-
cializes in systems for factory operations,
especially as related to scheduling, lot siz-
ing, and the handling and storage of mate-
rials. Some of his studies are conducted in
collaboration with Muckstadt, and they are
co-authors of an article in this issue. 12



Maxwell Leu

Daw son
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Core faculty members from the M&AE
school include Ming C. Leu and Paul R.
Dawson, both assistant professors.

Leu is interested in system dynamics,
automatic control, vibration and acous-
tics, robotics, and manufacturing en-
gineering; he has conducted research on
noise and vibration in circular saws and
plates, and on tire skid as a function of
pavement texture.

Dawson is a specialist in the general
area of materials and manufacturing en-
gineering. His current research interests
include finite-element analysis, metal
forming, and material bonding, subjects he
will write about in the winter issue of this
magazine.

The field of electrical engineering is rep-
resented by C. Richard Johnson, Jr., an
associate professor, whose specialties are
adaptive system theory and control theory.
His involvement in COMEPP derives from
his interest in applying adaptive control
theory to industrial processes.

A core faculty member from the
Graduate School of Business and Public
Administration is Professor L. Joseph
Thomas. His interests include long-range
decision-making, control systems for
multi-level production, and models for
marketing and distribution.



Figure 1

Cornell faculty strength in the general area
of systems design and control will contrib-
ute to COMEPP. In addition to core faculty
members in this area, the program mem-
bership will include associates from the
faculties of Electrical Engineering (EE),
Operations Research and Industrial En-
gineering (OR&IE), and Business and Pub-
lic Administration (B&PA).

In EE, James S. Thorp is an authority in
the control of dynamic systems. In OR&IE,
David C. Heath and George Nemhauser
are working in mathematical modeling,
Peter L. Jackson does research on models
for inventory control and discrete pro-
cesses, and Bruce Turnbull is interested in
systems for quality control. In B&PA, par-
ticipating professors include John 0.
McClmnand Elliot N. Weiss, whose inter-
est is in operations management, and
Richard R. Wittink, whose specialty field is
marketing.

Nemhauser
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thrust will be to integrate the available
subsystem computer controls into
economically operational systems.
Tradeoffs may be involved; for exam-
ple, the ideal material, machine, tool,
or method for producing an individual
part might have to be sacrificed in
order to reduce the variety of spe-
cialized materials, machines, tools,
fixtures, and methods.

An aspect of factory operation that
needs attention, for example, is the
way in which the final configuration of
a part is arrived at. Manufacturing a

Figure 1. The major areas of activity in a
manufacturing operation and the central
role of computers in coordinating them.

Activities in the area ^/engineering and
design include product conceptualization;
engineering analysis; product specifica-
tion; and process planning.

In the area of manufacturing, typical
activities include fabrication; assembly;
tool storage and maintenance; quality con-
trol; and material handling and storage.

The area of planning and control in-
cludes planning for inventory, materials,
and facilities; production planning and
control; purchasing; and accounting.

part to fulfill its functional require-
ments—such as strength, hardness, tol-
erance, and surface finish—can in-
volve a variety of processes—such as
solidification, deformation, material
removal, or heat treatment—and all of
these processes require specific kinds
of machines and tools. This mode of
operation requires the maintenance of
an inventory of tools, dies, molds,
cores, etc., and often results in the
processing of much larger batches of
parts than are actually needed in the
immediate future. The Cornell effort in 14
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this area will be to identify more effec-
tive and flexible manufacturing
methods, and make economic assess-
ments of them. The methods that will
be considered include nontraditional
processes using, for example, electro-
chemical or electromagnetic energy
sources or high-energy beams.

The value of the interdisciplinary
approach is demonstrated in projects
of this kind. COMEPP faculty mem-
bers from M&AE are well equipped to
work on the modeling of physical pro-
cesses, and those in OR&IE can

undertake the modeling of the move-
ment of materials and overall control
of factory operations. Experts in these
fields and in business administration
and computer science will collaborate
in considering the overall effects of
innovations in system design. For
example, they could assess the effects
of database design and information
flow on the implementation of product
design, or on manufacturing planning
and control, inventory control, or the
design of facilities and distribution
systems.

Cornell experts in computer science and
technology will have an important role in
COMEPP. Richard W. Con way of the De-
partment of Computer Science, for exam-
ple, is a specialist in information systems.
Associated faculty members from the
School of Electrical Engineering include
Hwa-Chung Torng. a specialist in com-
puter engineering, and Christopher Pottle,
whose research includes work in computer
engineering and simulation. Expertise in
computer graphics will be available
through Donald P. Greenberg, director of
the University's Program of Computer
Graphics and the College's Computer
Aided Design Instructional Facility
(CADIF); and John C. Dill, manager of
CADIF.

Computer-aided design is an important
aspect of the research of several professors
in Mechanical and Aerospace Engineering
(M&AE) in addition to core COMEPP fac-
ulty members Wang, Daw son, and Leu.
Among them are Dean L. Taylor. Richard
M. Phelan. and Donald L. Bartel (whose
focus is bioengineering applications).

Conway



CORNELL COURSES RELATED TO

Materials and Manufacturing Processes

Mechanical and Aerospace Engineering:
Materials and Manufacturing Processes
Design for Manufacture
Analysis of Manufacturing Processes
Materials Engineering
Numerical Control in Manufacturing
Finite Element Methods in

Thermomechanical Processes

Materials Science and Engineering:
Macroprocessing
Mechanical Properties of Materials
Properties of Solid Polymers
Physical Metallurgy
Processing of Glass, Ceramic, and

Glass-Ceramic Materials
Plastic Flow and Fracture of Materials
Electron Microscopy

Theoretical and Applied Mechanics:
Introduction to Continuum Mechanics
Experimental Mechanics
Fundamentals of Acoustics
Viscoelasticity and Creep
Theory of Plasticity

Chemical Engineering:
Polymeric Materials
Physical Polymer Science
Polymer Processes

Automation and Production Systems

Mechanical and Aerospace Engineering:
Materials and Manufacturing Processes
Design for Manufacture
Mechanical Reliability
Computer-Aided Design
Analysis of Manufacturing Processes

*Under development

MANUFACTURING ENGINEERING

Numerical Control in Manufacturing
CAD/CAM in Mechanical Engineering*
Introduction to Industrial Robots*
Mechanical Vibrations
Feedback Control Systems
Digital Control Systems
Robot Dynamics and Control*
Microprocessor Applications
Optimum Design of Mechanical Systems

Electrical Engineering:
Feedback Control Systems 1 and II
Computer Structures
Microprocessor Systems
Computer Processor Organization and

Memory Hierarchy

Computer Science:
Introduction to Computer Systems

and Organization
Data Structures
Introduction to Database Systems

Operations Research and Industrial
Engineering:
Basic Engineering Probability and Statistics
Cost Accounting, Analysis, and Control
Industrial Systems Analysis
Layout and Material Handling Systems
Production Planning and Control
Applications of Statistics

to Engineering Problems
Advanced Engineering Economic Analysis
Queuing Theory and Its Applications
Applied Time Series Analysis
Statistical Methods in Quality and

Reliability Control
Digital Systems Simulation
Operations Research 1 and II
Advanced Production and Inventory

Planning

IMPLICATIONS FOR INDUSTRY
AND FOR EDUCATION
The advantages for industry and for
education of a program like COMEPP
are closely associated.

Industry will benefit from the trans-
fer of university-developed methodol-
ogy. The Cornell program will facili-
tate this transfer in a number of ways.
Research reports will be distributed on
a continuous basis to corporate spon-
sors of the program. An annual sym-
posium, held on campus, will provide
an additional forum for technical ex-
changes. Short courses, one to three
weeks in duration, will be offered on
topics of interest to engineers in indus-
try. And Cornell faculty and staff
members will visit the plants of indus-
trial COMEPP members for consulta-
tion and, possibly, for sabbatical
leaves with member companies.

In the long term, one of the major
ways in which new techniques will be
carried to industry is through the em-
ployment of graduates who have
studied COMEPP courses. The Col-
lege offers curricula in manufacturing
engineering as options in mechanical
engineering or in operations research
and industrial engineering, and stu-
dents in all the major fields have access
to courses sponsored or endorsed by
COMEPP (see the table). These in-
clude a number of recently introduced
courses with particular applicability to
manufacturing engineering. In addi-
tion, a wide variety of courses that
would augment a manufacturing en-
gineering specialty are available as
electives taken in fulfillment of degree
requirements in the humanities and
social sciences. Early exposure to
manufacturing engineering as a spe- 16



Dogramaci

A new faculty member who will be an active
participant in COMEPP is Ali Dogramaci,
an associate professor in the School of
Operations Research and Industrial En-
gineering. His specialty fields include pro-
duction planning and productivity analy-
sis, and his research will complement that
of Professors William L. Maxwell and John
A. Muckstadt (see their article in this issue
beginning on page 19). In particular, Dog-
ramaci is concerned with methods for
scheduling production activities, method-
ologies for productivity analysis, and iden-
tification of biases in different measures of
productivity.

Cornell research related to materials has
potential applicability in manufacturing
engineering, and a number of faculty
members with interests in this area are
already associated with COMEPP.
Wolfgang H. Sachse of Theoretical and
Applied Mechanics (T&AM) is active in
research on nondestructive testing using
ultrasonic techniques. The mechanical be-
havior of materials is studied by Che-Yu Li
of Materials Science and Engineering
(MS&E) and Edward W. Hart of both
T&AM and MS&E. A survey of pertinent
project work in MS&E will be included in
the next issue of the Quarterly.

Sachse
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Chemical Engineering faculty members
associated with COMEPP include Claude
Cohen, who conducts research on the
properties of polymers and methods of
processing them, and Joseph Cocchetto, a
specialist in process control and chemical
kinetics. Cohen is a member of the re-
search group on injection molding headed
by Professor Wang.

Cohen



" . . . a joint
responsibility

with direct and

shared benefits'"

cialty field will be provided by a new
introductory course that will be avail-
able as an option in the freshman
curriculum.

Industrial sponsors can enhance the
educational experience of engineering
students by providing summer,
cooperative, and intern jobs, and by
suggesting and helping to supervise
design projects for students in the Mas-
ter of Engineering degree program. In
general, the industrial presence will
benefit the educational institution by
making it more attuned to the "real
world."

Joint research projects, conducted
either on campus or at a company
facility, can provide additional oppor-
tunities for exchanging information
and for obtaining results that will be
practical and well founded.

WHERE THE PROGRAM
GOES FROM HERE
To operate at an effective level,
COMEPP must expand its staff, its
research and educational programs,
and its facilities. An annual budget of
about $2.4 million is projected, in addi-
tion to initial outlays for equipment
and space renovation.

The anticipated increase in the staff
will include new faculty appointments,
over a three-year period, in the areas of
materials engineering, CAD/CAM,
operations management, and manufac-
turing information systems. Most of
these positions will be in engineering;
one is expected in business administra-
tion. They will open up with retire-
ments and with new endowed profes-
sorships.

Student enrollments will also rise.
The number of juniors and seniors

specializing in manufacturing en-
gineering is expected to increase from
the current twenty-five to about fifty.
Enrollment in M.S. or Ph.D. programs
will go from the present twelve to
about twenty-five. The M.Eng. pro-
gram will show the biggest propor-
tional increase: from five to twenty-
five candidates. An effort will be made
to provide the additional graduate
scholarships and fellowships that will
be needed to make these projections
realistic.

New facilities will include a central
computer with graphics capability; ad-
ditional manufacturing process
equipment such as CNC lathes, die
casters, and laser-cutting and welding
equipment; assembly apparatus such
as servo robots; and material-handling
equipment.

The funding, like COMEPP itself,
will be a cooperative venture by uni-
versity, industry, and government. To
a much greater degree than most pro-
grams in higher education, this one in
manufacturing engineering is a joint
responsibility with direct and shared
benefits for all the constituencies—for
engineering education, for business
and industry, and for the nation.—
G.McC.

A copy of the COMEPP prospectus
may be obtained by writing to As-
sociate Dean Donald F. Berth, Cornell
University, 252 Carpenter Hall,
Ithaca, NY 14853, 18



AUTOMATED FACTORIES
A Necessity for U.S. Industry

by William L Maxwell and John A. Muckstadt
Robots working on the assembly line.
Machines being controlled by com-
puters. Automatic guided vehicles
moving materials and finished prod-
ucts. These are realities today, and will
become increasingly more important
in American factories.

And the workers? They will still be
there in force, but they won't be doing
the onerously repetitive tasks of the
assembly line, and they won't have to

. work the late shifts, when the robots
can take over with minimal supervi-
sion. They will be a better educated
cadre, putting their efforts into keeping
the machines running and solving
problems that require human intelli-
gence. Working conditions should be
greatly improved. Employment levels
should be sustained through increased
production rather than through labor-
intensive procedures.

The need for increased productivity
is, of course, the force behind this
inevitable shift toward automation.
The only way United States industry
can compete successfully with foreign
manufacturing is to raise productivity,

19 and the only way to accomplish that is

to become more efficient. Factory au-
tomation is more than an attractive
option; it is a necessity.

MOVING TOWARD
MANUFACTURING EFFICIENCY
How can an American company go
about improving its competitive posi-
tion in the world marketplace? It can
reduce production costs, improve
product quality, work out a better dis-
tribution system, and make more ef-
fective use of its human and capital
resources.

One approach is to improve mate-
rials, manufacturing processes, plant
facilities, and machinery. Equally im-
portant is the development of better
methods for planning and controlling
the overall operation and its various
aspects. (These two approaches are, of
course, interconnected, and both rely
on computer capability.) In this article,
we will focus on the planning and con-
trol functions.

A company can increase its effi-
ciency, for example, through closer
control of its inventories, both in the
plant itself and within the distribution

system. Production costs can be cut by
reducing production lead times and
minimizing waste in the production
process. Greater efficiency can be
achieved through better scheduling of
machine use, or by adjusting lot sizes
of the products so that fluctuations in
market demand can be accommodated
more easily. Possibilities such as these
can be pursued through the methods of
operations research, a relatively re-
cent addition to the engineering disci-
plines that emphasizes quantitative
approaches to decision-making.

CORNELL WORK ON
AUTOMATED FACTORIES
In today's factories, and in the auto-
mated ones of the future, there are so
many operations involved that it is
impossible to optimize each of them.
The challenge is to create a basic
framework for overall planning and
control. Our research group at Cornell
is taking a leadership role in develop-
ing and implementing such a
framework.

For a number of years, we have been
analyzing the planning and control



'Factory automation is more
than an attractive option;

it is a necessity/'

problems that industries are experienc-
ing. We consulted engineers and man-
agers from a variety of companies:
large ones such as General Motors and
Xerox, medium-sized ones such as
Chicago Pneumatic Tool and Smith
Corona, and smaller ones such as
Raymond Manufacturing and SI Han-
dling. On the basis of what we dis-
covered, we developed a frame-
work for modeling production plan-
ning and control in an industry whose
operation centers on the manufacture
and assembly of discrete parts.

We do not claim that our method of
modeling is the only one that would be
effective. Furthermore, it does not
provide a detailed mathematical model
or set of models—rather, it outlines a
manner of approach. Specific models
and optimization techniques will vary
according to the needs and circum-
stances. A particular industry or plant
must develop detailed analytic models
that fit within the general framework,
and then construct appropriate al-
gorithms and heuristics for the actual
solution of its planning and control
problems.

CREATING A MASTER PLAN:
THE FIRST PHASE
In organizing the operations of an in-
dustrial plant, the first step is to create
a model for the master production
plan. The main purpose is to decide
what combination of products the
company should manufacture over a
relatively long span of time, such as a
year or more, and to determine the
capacity requirements and the best
way of allocating facilities.

A second objective is to calculate
the lead time for each product or family
of products. This is the key to an
effective management system. Much
of the necessary information is part of
the data assembled for the aggregate
plan; it includes times required for
setup, processing, and transfer at each
stage of production. What is needed to
complete the computation of lead
times is an estimate of delay times
encountered in proceeding through the
sequence of manufacturing opera-
tions. Delay times are especially signif-
icant when capacity is a limitation; in
that case, there must be a way of
deciding which products and therefore

which departments should have prior-
ity. An obvious objective in imple-
menting the production plan is to re-
duce the delay times so that the actual
manufacturing lead times correspond
as closely as possible to the nominal
values obtained with the master plan-
ning model.

PLANNING FOR UNCERTAINTY:
THE SECOND PHASE
The master production plan model as-
sumes that all input data are known
with certainty, an assumption that is
rarely, if ever, true. For this reason,
among others, the master plan is not
suitable for direct implementation.
The second phase of planning, there-
fore, consists of providing protection
against uncertainty.

This protection is provided by safety
stock or safety time, both of which
increase inventories. Safety stock is an
amount of inventory that exists, on the
average, for an indefinite length of
time. Safety time results in inventory
because the strategy is to have a batch
of parts become available earlier than
the time it is expected to be needed in 20
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the manufacturing process. (The two
safety policies have different effects on
inventories, since the extra amount of
stock that results from safety time is
carried only until the next production
takes place.)

The need for safety stock or safety
time depends on the situation. For
example, if demand and lead times are
subject to considerable variation, in-
ventories need to be greater than
would be necessary under relatively
stable conditions. More specifically,
the required amount of safety stock or
safety time depends on the reorder
points for components and for their
assemblies.

Reorder points are generally com-
puted on the basis of echelon stock,
which is the total inventory of a com-
ponent: units on hand, units contained
in parts that are in the process of
manufacture or assembly, and units
contained in finished products. In
some circumstances—as when the
components are used in more than one
assembly—reorder points are calcu-
lated on the basis of both echelon stock
and on-hand inventory.

remit •

A computer-controlled cart-movement sys-
tem is one of the components of the auto-
mated factory. A Cartrac manufactured by
SI Handling Systems, Inc., Easton,
Pennsylvania, is shown at left in operation.
Professor Maxwell, one of the authors of
this article, was a consultant to Handling
in the analysis of the use of such a system.

The photograph below shows a display
panel used to monitor the movements of
part-carrying carts along the delivery lines
of a Cartrac system. Routing of the carts is
controlled by the computer, but the entire
system can be operated in a backup mode.



At the Harris Corporation plant, a robot
picks up a part from an automatically
guided cart and loads it for machining. The
plant manufactures rolls for the printing
industry. Individual rolls are up to 120
inches long and weigh as much as a ton.

ALLOCATING RESOURCES:
THE THIRD PHASE
Detailed planning is accomplished in
the third phase of the modeling pro-
cess. In the short run, decisions about
what products to make and what ma-
chines to use are based on such factors
as inventory levels, capacity, financial
projections, and the outlook for prod-
uct demand. A model that incorporates
real-time information of this kind must
be used to assist in making these
short-run decisions.

Because such a model reflects the
system's day-to-day dynamic behav-
ior, it may be quite different from the
master production plan model. The
extent of deviation depends, of course,
on how well the master plan reflects
real-world conditions. If demand,
yields, or resource availability change
radically over the lead times assumed
for the manufacturing cycle, then the
planned lot sizes, safety stock, and
reorder point targets are all com-
promised. The system is forced into
real-time resource allocation as the
only way of doing business, and the
master plan has little effect on day-to-

day decisions. In extreme situations, it
is necessary to live from hand to mouth
with more setups than planned, flucta-
tions in labor and capacity utilization,
and considerable amounts of overtime
work.

The importance and form of the
third-phase model depend, therefore,
on the environment. In highly predict-
able situations, the resource-allocation
model will be essentially a tool for
implementing the broad master plan,
necessary only to correct short-run
problems. When conditions are highly

variable, however, the resource-
allocation model assumes a much more
independent and crucial role. At the
present time there is little scientific
basis for the design of a third-phase
model, and how to integrate it with the
first two phases of decision-making is
an open question.

PREPARING FOR
FACTORY AUTOMATION
Research is continuing at Cornell on
the development of models that will be
useful for specific problems such as 22



how to decide on lot sizes when there
are capacity constraints. In one part of
the project, for example, we have
worked out a model and a set of al-
gorithms that will plan lot sizes and a
feasible schedule for a complex man-
ufacturing operation involving many
products and multiple processing
steps. This model is now being tested
by one of our industrial affiliates.

Also under development is a graphi-
cal model that is oriented toward the
kind of information engineers are ac-
customed to use in the form of opera-
tions process charts. Such a chart de-
scribes the steps in the manufacture
and assembly of a product; in its most
elaborate form it specifies tooling,
methods, alternative routings, possi-
ble substitute machines, and other de-
tails about how the manufacture and
assembly of a product can be done. It
struck us as strange that simulation
models of the manufacturing process
have tended to obscure this basic
process-oriented information, stres-
sing, instead, decision logic on what to
do with machines.

A project with direct applicability to
automated factories concerns the in-
troduction of automatic guided vehi-
cles to move materials between work
stations. We have developed a design
methodology and computational pro-
cedures for determining the number of
vehicles required, the network of
pathways, and the dispatching se-
quence. The technique has already
been used to design automatic guided
vehicle systems at two large manufac-
turing facilities.

Our research contributes to the de-
velopment of operations research ap-

23 plications in manufacturing, and it

serves a broader purpose as well: in-
creasing the productivity of United
States industry through better overall
planning and factory automation. The
techniques of operations research are
eminently suited to the planning of
efficient operating systems, and the
development of the methodology is a
challenge that falls within the province
of university research. Implementa-
tion, though, can be effected only at
the plant, and therefore the best results
can be expected through cooperative
efforts such as those fostered by the
newly organized Cornell Manufactur-
ing and Engineering Productivity Pro-
gram. Working together, industrial en-
gineers and managers and university
researchers can outline the procedures
needed to overhaul the production sys-
tem of the United States.

William L. Maxwell and John A.
Muckstadt are professors in Cornells
School of Operations Research and Indus-
trial Engineering.

Maxwell was educated at Cornell, earn-
ing the B.M.E. degree in mechanical en-
gineering , with distinction, in 1957, and the
Ph.D. in operations research in 1961. (He
obtained his first industrial experience
while an undergraduate, as a participant in
the Engineering Cooperative Program.)
He joined the faculty in 1960. He has also
taught at the University of Chicago
Graduate School of Business as a Ford
Foundation Distinguished Visiting Profes-
sor, and at the University of Michigan.

Throughout his career, Maxwell has
served as an industrial consultant to many
firms, including Xerox, Corning Glass,
Chicago Pneumatic Tool, and General
Motors. He spent leaves at the RAND
Corporation in 1965 and jointly at General
Motors Technical Center and the Univer-
sity of Michigan in 1978. He is an associate
editor for HE Transactions and Operations
Research.

Muckstadt studied at the University of
Rochester for the A.B. degree in mathe-
matics, and at the University of Michigan
for the M.S. in industrial administration,
the M.A. in mathematics, and the
Ph.D.—granted in 1966—in industrial en-
gineering. He joined the Cornell faculty in
1974 after twelve years of active duty in the
Air Force, where he served as a faculty
member of the Institute of Technology and
an operations research analyst at the
Logistics Command Headquarters. He has
taught also at the University of Dayton,
and in Belgium at the Universite
Catholique de Louvain and the Katholieke
Universiteit Leuven.

Muckstadt has served as a consultant to
numerous industrial organizations, includ-
ing RAND, General Motors, Xerox, and
the Chicago Pneumatic Tool Company,
and he has been an associate editor of
several professional journals.



SOLVING MANUFACTURING PROBLEMS
THROUGH SIMULATION

by Lee Schruben
In the modern age of fast, powerful,
and progressively less expensive com-
puters, simulation is one of the most
popular techniques for solving man-
ufacturing problems. Once regarded as
a "last resort" in tackling otherwise
intractable problems, now simulation
is often the approach of choice. By
creating a computer model of a system,
engineers and analysts can study it
without having to make incorrect as-
sumptions for the sake of simplifying
the mathematics. They can use simula-
tion in developing production pro-
cesses, designing facilities, and
evaluating new products. They can
simulate the effects of financial plans,
marketing procedures, and even
changes in the economy. It is now
possible to simulate entire factories,
national distribution systems, and cor-
porate planning strategies.

Unfortunately, simulation is not
only one of the most used industrial
engineering techniques, but one of the
most misused. The simulation pack-
ages that are becoming increasingly
available, and the new computer lan-
guages that facilitate model develop-

ment and testing, make the application
of simulation techniques seem simpler
than it really is. Simulation has been
thought of as a kind of computer pro-
gramming, easily learned and applied.
As the complexity of applications in-
creases, however, engineers are com-
ing to recognize that a thorough under-
standing of the techniques is necessary
for successful use. This does not mean
that simulation has to be a complicated
procedure—in fact, the surest sign of
an experienced practitioner is the ab-
sence of unnecessary complexity in his
or her models. It does mean that users
must be aware of pitfalls, apply tech-
niques that are appropriate and reliable
under the circumstances, and use cor-
rect analysis in interpreting the results.

PROBLEMS IN SETTING
INITIAL CONDITIONS
One of the major problems in using
simulation—how to avoid error intro-
duced by the choice of initial
conditions—is the subject of current
research at Cornell.

When a simulation model is used, it
is generally run through the computer a

number of times, and a series of obser-
vations are made in the course of each
run. Usually these measures can be
regarded as time integrals, or aver-
ages, and their mean is an important
piece of information, representative of
the system.

Each time the model is run, initial
values for variables that describe the
simulated system must be specified,
and this is a potential source of trouble.
Typically, not much is known about
the system variables when the simula-
tion is begun; indeed, one of the rea-
sons for performing such experiments
is to learn about the variables. The
simplest and most convenient initial
values often have the disadvantage
that they do not represent a usual state.
Some examples are: no messages
being handled in a communications
network; no work in progress on an
assembly line; all shelves fully stocked
in a warehouse; and an empty ap-
pointment book at a medical clinic.
Such unusual conditions, assumed as
the initial ones, could lead to errone-
ous inferences about subsequent de-
velopments. The way a simulation is 24



"Unfortunately, simulation is not only
one of the most used industrial engineering techniques,
but one of the most misused/'

initialized could even induce a series of
4'events" that might not occur other-
wise.

The selection of initial conditions
that are not typical of the system intro-
duces a bias. Since the first few obser-
vations during a run are determined
almost entirely by the selection of ini-
tial conditions, their mean value is
unreliable as an indicator of system
performance. As the run continues,

* the effect of initialization bias tends to
dissipate, so one way of trying to avoid
it is to continue the run long enough to
establish a stable pattern of output.
The bias may persist, however, and
may be difficult to detect or assess.
Errors are compounded when bias is
continued through a number of runs;
the experimenter can gain confidence
in a wrong result. For these reasons,
bias of the mean, a first-order effect, is
probably the most important problem
in simulation initialization.

More difficult to recognize are
second-order effects of initialization
bias. These can occur when the simula-
tion involves multiple responses: the

25 initial conditions affect not only scalar

processes, but the correlations be-
tween different output measures. This
is illustrated in Figures 1 and 2, which
pertain to an actual production system
for injection molding of plastic parts.
Figure 1 represents the contents, over
time, of four chutes carrying the output
of four mold machines to two
operators who use four degating
presses to trim the parts; Figure 2 is a
schematic of the system. The simula-
tion is started with all the chutes
empty—not a typical condition, since
the mold department was operating
with three shifts at the time of the
study, but the most convenient for the
purposes of initialization. Inspection
of the Figure 1 results reveals that the
simulation must run for about 120 min-
utes before a pattern—the "diamond"
pattern that shows up near the end of
the run—becomes apparent. This
length of time is obviously important
for the analyst to know.

In this example of a manufacturing
operation, the initialization bias can be
discovered by inspecting the output.
We should note, however, that there
are limitations to this method of

analysis: usually many runs with many
output series are made during a simula-
tion study, and an experimenter can-
not visually inspect every run for in-
itialization bias without introducing
bias due to experimenter intervention.

When several measures of perform-
ance are included in a simulation (or
when several runs in an experiment are
considered as a single run with multi-
ple outputs), it may be desirable to
establish simultaneous confidence
intervals. To do this, it is important to
be able to determine how the different
measures affect each other; in statisti-
cal terms, the problem is to estimate
the covariances between responses. A
danger is that if the magnitude of corre-
lations between the different re-
sponses is underestimated because of
initialization bias, the apparent simul-
taneous confidence interval may be
too small.

SOME MISCONCEPTIONS
ABOUT INITIALIZATION
A common misconception is that simu-
lation initialization does not present a
problem when the system has natural



Figure I. Effect of initialization bias in a
simulation of an injection molding opera-
tion. The contents of four chutes carrying
the output of four mold machines are plot-
ted as a function of simulated time. The
results show that if all the chutes are as-
sumed to be initially empty, about 120
minutes must elapse before a regular pat-
tern (diamond-shaped) becomes apparent.

Figure 2. A schematic of the injection-
molding system simulated in Figure 1.
Outputs from the four machines are fed by
chutes (in heavy color) to presses and then
to two operators.

termination points. An example of
such a system is a supermarket that
starts each day with no customers in
the store. One might think that if a
simulation had an initial condition of
the store being empty, there would be
no bias; and indeed, with some models
this is true. In a real supermarket,
however, one day's operation may in-
fluence what happens the next day; for
example, if there were an unusually
large number of shoppers one day,
some of them might decide to return
some later day rather than wait in a
long checkout line. In other words, the
possibility of customer overflow to
subsequent days makes the choice of
the first day's simulated demand a
potential source of initialization bias.
Anyone who has gone to the "grand
opening" of a store will recognize
another way in which the first few days
are atypical: at the beginning of the
first day the shelves are fully stocked,
but later they may be more or less
depleted. If stock levels are included in
a simulation that is intended to repre-
sent a typical day's operations, there
will be an initialization bias.

Figure 1
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Another example of a "naturally
terminating" system is a medical clinic
that starts each day with no patients
waiting. In initializing a simulation of
the clinic, it would be appropriate to
designate an empty waiting room. The
assumption of an initially empty ap-
pointment schedule would introduce
initialization bias, however, if there
were patients with appointments.
Even if the clinic were operated on a
walk-in basis, there might be a demand
overflow similar to the one described
in the supermarket example: on a par-
ticularly busy day, some patients
might elect to leave without being
seen, most likely postponing their vis-
its for a day or two. When it is impor-
tant that such demand backlogging be
included in the model, initialization
bias becomes a concern.

The key point illustrated in these
two examples is that the initial condi-
tions for one operating period may
continue to have an effect in sub-
sequent periods. Even if the system

'shuts down at the end of each period,
there can still be a potentially serious
initialization bias if each period in the
simulation is started in exactly the
same way. To justify ignoring initiali-
zation in 4 'naturally terminating" sys-
tems, it is necessary to make addi-
tional, perhaps implicit, assumptions
—that there is no backlogging of de-
mand, for example, or that inventories
are replenished daily.

A second misconception is that if the
initial conditions for a new system are
known, initialization bias is not a prob-
lem. An example of such a system is a
brand-new factory. Since all the ma-
chines are initially idle and there is no

27 work in progress, starting a simulation

model in this state may be valid. How-
ever, when it is important to specify
the environment in which the new fac-
tory is to operate, initialization bias
might become a problem. There might
be random delays in shipments of raw
materials, for example, so that starting
a simulation run with full stocks of
materials would introduce bias. In
such a case it is necessary to "warm
up" the simulated environment before
starting the system.

Another assumption that may ap-
pear reasonable is that initialization
bias is not important in comparative
studies of alternative systems. The ar-
gument is that since all candidates face
the same initial situation, differences
in their behavior are not affected by
initialization. This logic is faulty, how-
ever. As an illustration, consider a
simulation study of two competing
operating policies. Even if they were
similar in most respects (as would be
likely if they were viable competitors),
one policy might be superior in special
situations, and if such situations occur
only rarely, the advantage might be
underestimated. The tendency in
comparative studies based on simula-
tions that include initially similar
behavior of competing systems is to
unfairly favor the current or most
simplistic system. The probability of
making the correct choice can be in-
creased by adding more runs or
lengthening them.

Experimenters using trace-driven
simulations—in which actual data
from a real system are used as
input—might not consider initializa-
tion bias a matter of concern, but
perhaps they should. A trace-driven
simulation might be used, for example,

to compare the performance of a pro-
posed new computer system with one
already in operation; actual jobs sub-
mitted to the real computer are used to
drive a simulation of the new system.
The assumption is that the input data
are "typical," but actually any other
data series that could be collected
would be just as likely to be "typical."
In a computer performance study, for
example, the longest job would have
an equal probability of occurring in
either of two independent periods of
the same duration. If there were three
possible input series, the chances
would be one in three that a given
series is the "most typical." In con-
cept, a large number of real-world
input series could be gathered and used.
to drive the simulation, and therefore,
by almost any measure of what is typi-
cal, the likelihood that any chosen data
trace is in any sense "most typical" is
rather small.

There is perhaps a greater logical
flaw in using trace-driven simulations.
The implicit assumption is that the
environment in which the system op-
erates will not change as the system is
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Figure 3. A demonstration of one of the
statistical test procedures developed at
Cornell to help industrial operators detect
or assess initialization bias. The test statis-
tic used in this example refers to second-
order bias effects in the injection-molding
operation illustrated in Figures I and 2.
Values of the test statistic are plotted as a
function of simulated time. After about 120
minutes, in this simulated run, the output is
within the control limit indicated by the
dashed line.

altered. For example, it might be pre-
sumed that the demand for a better
computer system will be the same as
the demand for its predecessor—a
situation that would surely be dis-
couraging to the designers of new
computer systems. Presuming that a
system has no influence on its envi-
ronment needs careful justification.

The final misconception I would like
to point out is the belief that initializa-
tion bias is of concern only in simula-
tions of stationary processes. The fact
is that initialization bias is the result of
time dependencies in the behavior of a
system or its environment, and
whether or not the process being simu-
lated has stationary limiting behavior
is not the issue. What is important is
how the experimenter influences the
behavior of the model through the spe-
cification of initial conditions. It is too
bad that simulation initialization bias
has been narrowly regarded as "the
problem of the initial transient in sta-
tionary simulations."

NEW WAYS OF COPING WITH
THE PROBLEM
Initialization bias has long been recog-
nized as a potentially serious threat to
the validity of any simulation study. In
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early work on this problem, many
ad-hoc measures for controlling the
adverse effects were proposed. The
basic approach was to discard or trun-
cate a portion of the output at the
beginning of a simulation run, and var-
ious rules for selecting appropriate
data-truncation points appeared in the
literature. Now, however, the consen-
sus seems to be that these procedures
do not work very well. The other early
alternative—to try to overwhelm in-
itialization bias with long computer
runs—is impractical for today's in-
creasingly sophisticated applications.

On the other hand, increased com-
puter power makes it possible to use
complex bias-control algorithms, and
researchers have begun to apply new
statistical techniques to the problem.
At Cornell, for example, the control of
initialization bias has been the subject
of recent doctoral dissertations. Panel
discussions on the problem were held
at the 1981 ORSA/TIMS meeting in
Toronto and at the 1981 Winter Simu-
lation Conference in Atlanta.

One approach is to apply statistical
quality-control ideas to the develop- 28



ment of bias-control techniques. Work
along these lines is being done at the
IBM Watson Research Laboratory, at
du Pont, and at Cornell. For example,
we have developed some tests that
should help experimenters detect in-
itialization bias or show that it has been
effectively controlled. These tests,
based on the limiting behavior of par-
tial sums of deviations about a sample
mean, are simple to perform computa-
tionally. In addition, the results can be
presented in an easily interpreted
graphical form: a plot of the cumula-
tive sums of deviations about the sam-
ple mean. This function is very sensi-
tive to initialization bias in the mean. If
the output series has a constant mean
throughout a run, this function has an
expected value of zero, but if there is a
transient bias, the function will be
"pulled to one side."

Quality-control ideas have also been
used by Cornell researchers to assess
second-order initialization bias ef-
fects, as in multivariate simulations.

* Like the method used for studying
first-order effects, this technique is
based on statistical testing procedures
but uses a graphical means of present-
ing results. Figure 3, for example, is a
plot of the value of a test statistic
corresponding to the run in Figure 1.
The control limit is indicated by a
dashed line, and the portion of the
output that is "in control" is easily
detected.

The potential errors caused by in-
itialization bias are too serious to be
ignored. If tests such as the ones being
developed at Cornell were automated
and incorporated into simulation out-
put routines, an operator could run

29 many experiments with some confi-

dence that initialization bias has been
effectively controlled. It is unlikely,
however, that some sure-fire statistical
procedure will soon take the place of a
good basic understanding of simula-
tion and common sense in its use.

NEW TECHNIQUES FOR
IMPROVING SIMULATION
Initialization bias is, of course, only
one aspect of simulation that needs
further development for manufactur-
ing applications. The scope of the re-
search effort in simulation methodol-
ogy demonstrates both its complexity
and its importance. At Cornell, for
example, a variety of projects are
underway:
• A graphical technique for structur-
ing system descriptions is being devel-
oped. The graphs that are generated
will allow an experimenter to identify
and evaluate several alternative repre-
sentations of a system.
• Frequency-domain experiments are
being refined so that the important
factors in a system can be identified at
a fraction of the cost entailed with
traditional experimental techniques.
The simulation program will serve a
function analogous to that of an elec-
tronic amplifier: it will amplify input
signals that are associated with impor-
tant factors and attenuate input signals
that are associated with unimportant
factors.
• Process-limit theorems are being
applied to the analysis of simulation
output. This approach has the advan-
tage of requiring only very mild as-
sumptions about the statistical nature
of the measurements.

Projects such as these, carried out
within the context of actual industrial

needs and applications, will increase
the effectiveness and efficiency of
simulation as a technique in manufac-
turing. The increasing use of simula-
tion is clearly indicated; its successful
use is an important factor in the re-
vitalization of United States industry.

Lee W. Schruben has an educational back-
ground in industrial engineering, statistics,
and management, and broad working ex-
perience in operations research. His de-
grees are the B.S. (with honors) from Cor-
nell, the M.S. from the University of North
Carolina, and the Ph.D. from the Yale
University School of Organization and
Management. He has worked as an opera-
tions research analyst for the Naval Com-
mand Systems Support Activity in
Washington, D.C., as a staff member of
Operations Research, Inc., in Silver
Spring, Maryland, and as an operations
researcher at the Emerson Electric Com-
pany in St. Louis. Before coming to Cornell
in 1976, he taught at the University of
Florida.

Schruben has been active as an indus-
trial consultant and is a member of several
professional and honorary societies.
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New Professors
Augment College Faculty
Ten new faculty members joined the
College of Engineering during 1982.

• Six of the new people are filling
positions in the School of Electrical
Engineering. They are Professor Tor
Hagfors, Associate Professor Anthony
P. Reeves, and Assistant Professors
Marija Ilic-Spong, David F. Del-
champs, Mark W. Spong, and Kevin
Karplus.

Hagfors, a specialist in radio physics
and signal processing, is also a profes-
sor in the Department of Astronomy
and is the newly appointed director of
the National Astronomy and Iono-
sphere Center, operated by Cornell at
Arecibo, Puerto Rico. He previously
served as director of the Arecibo facil-
ity, as well as of the Jicamarca Radio
Observatory in Lima, Peru. Hagfors
came to Cornell from the University of
Trondheim, Norway, where he was a
professor of electrical engineering. A
native of Norway, he received the
Ph.D. from the University of Oslo in
1959. He has worked for the Norwe-
gian Defense Research Establishment,
and he was a research associate at

Stanford University and a staff
member of the Lincoln Laboratory at
the Massachusetts Institute of
Technology; in 1980-81 he spent a sab-
batical at the Max Planck Institute.
From 1975 to 1982 he was the director
of the European Incoherent Scatter
Association (EISCAT).

Reeves' area of specialization is
computer systems, image processing,
and pattern recognition. A citizen of
the United Kingdom, he received the
Ph.D. from the University of Kent at
Canterbury, England, in 1973. Sub-
sequently, he was a research assistant
at University College London, a visit-
ing professor at the University of Wis-
consin and McGill University, and as-
sistant professor of electrical engineer-
ing at Purdue University.

Ilic-Spong is interested in the
analysis and control of electric power
systems. She was educated at the Uni-
versity of Belgrade in her native
Yugoslavia, and at Washington Uni-
versity, in St. Louis, where she re-
ceived the Ph.D. in 1980. She worked
in the M. Pupin Institute for Automa-
tion and Telecommunication before

coming to the United States, and
served as a research assistant, instruc-
tor, and research associate in the De-
partment of Systems Science and
Mathematics at Washington Univer-
sity and as an assistant professor at
Drexel University.

Delchamps is a specialist in linear
and nonlinear dynamical systems. His
undergraduate work was at Princeton
University, in his home state of New
Jersey. He received the Ph.D. in 1982
from Harvard, where he was a teach-
ing fellow, research assistant, and res-
ident tutor. He took up his duties at
Cornell in the spring of 1982.

Spong, an expert in mathematical
systems theory, came to Cornell from
Lehigh University, where he was an
assistant professor in the Department
of Electrical and Computer Engineer-
ing. A native of Ohio (he was once
Teenager of the Month in Trumbull
County), he received his under-
graduate education at Hiram College.
He took an M.S. at New Mexico State
University and a Ph.D., awarded in
1981, at Washington University. While
working toward his doctorate, he 30



Hagfors

served as a research assistant and in-
structor in the Department of Systems
Science and Mathematics at Washing-
ton University.

Karplus, whose specialty is VLSI
(very large-scale integrated) design,
has a dual appointment in the School of
Electrical Engineering and the De-
partment of Computer Science. Origi-
nally from the Chicago area, he studied
mathematics at Michigan State Uni-
versity before going on to do graduate
work in mathematics and computer
science at Stanford University. He
worked briefly at Bell Laboratories
before defending his Ph.D. thesis this
past August.

• New members of the Department of
Computer Science include Karplus
(also in Electrical Engineering) and
Kenneth P. Birman, an assistant pro-
fessor whose specialty is computer
networks. A native of New York City,
Birman studied at Columbia Univer-
sity before undertaking graduate work
at the University of California in Berke-
ley. He became interested in the
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as an undergraduate, and after receiv-
ing his Ph.D. in 1981, he worked on
EKG monitoring and medical database
systems at the University of Vienna.

• The School of Chemical Engineer-
ing has named Paul H. Steen as an
assistant professor. A native of Mead-
ville, Pennsylvania, Steen is a spe-
cialist in fluid mechanics. After
graduating magna cum laude from
Brown University, where he had a
double major in engineering and Eng-
lish literature, he studied mechanics
and materials science at Johns Hop-
kins University. After receiving the
Ph.D. in 1980, he was a postdoctoral
research fellow in chemical engineer-
ing at Stanford University.

• Recently named as an associate pro-
fessor in the Sibley School of Mechan-
ical and Aerospace Engineering is
Stephen B. Pope, an associate profes-
sor. He began teaching in the 1982
spring term. Born in Nottingham, Eng-
land, Pope studied at the Imperial
College of Science and Technology,
where he received the doctorate in

1976. A specialist in thermodynamics
and fluid mechanics, he was a research
fellow at the California Institute of
Technology and an associate professor
of mechanical engineering at the Mas-
sachusetts Institute of Technology.

• The School of Operations Research
and Industrial Engineering has ap-
pointed Ali Dogramaci as associate
professor. A citizen of Turkey, Dog-
ramaci studied civil engineering at the
Middle East Technical University and
at Stanford before turning to industrial
and management engineering at Co-
lumbia University. Known as an ex-
pert in the management and analysis of
productivity, he has taught at Colum-
bia and Rutgers Universities.

• In addition to the new regular fac-
ulty members, the College has forty-
four visiting scientists this year.
Thirty-two, including seventeen from
the People's Republic of China, are
from abroad. These visitors are par-
ticipating in teaching or research ac-
tivities, for varying lengths of time, at
eleven schools and departments.



Fall Term Opens
with Administrative Changes
• A new Office of Engineering Admis-
sions and Undergraduate Affairs,
headed by Richard H. Lance as faculty
coordinator, opened this fall in Olin
Hall. According to Lance, the office is
the "academic entity that cares for
students until they select their major
fields." It coordinates the activities in
admissions, in advising and counsel-
ing, and in the aspects of under-
graduate instruction that were previ-
ously handled by the now defunct Di-
vision of Basic Studies. The office will
implement the academic policies es-
tablished by the College's recently
formed Common Curriculum Govern-
ing Board.

Lance, a professor of theoretical and
applied mechanics, is spending half his
time on the new assignment. A new
full-time staff member is John Belina,
who is responsible principally for ad-
vising and counseling services. Belina
is also a doctoral candidate in electrical
engineering. The admissions staff re-
mains intact, and Malcolm S. Burton
continues in overall supervision as the
associate dean for undergraduate
education.

Lance Gries

32



• Other administrative appointments
bring new leadership to several
schools and departments.

David Gries has begun a term as
chairman of the Department of Com-
puter Sciences. A specialist in pro-
gramming languages, programming
methodology, and compiler construc-
tion, he has been a member of the
Cornell faculty since 1969.

In the Sibley School of Mechanical
and Aerospace Engineering, Edwin L.
Resler, Jr. is acting director while A.
R. George is on leave for the fall term.
Newly appointed associate directors
are Frederick C. Gouldin (graduate
affairs) and P. C. Tobias de Boer (un-
dergraduate affairs).

At the School of Chemical Engineer-
ing, George F. Scheele, an associate
professor, has been named to the new
position of assistant director.

• Elizabeth Packer retired this past
summer after more than thirty-three
years of service at Cornell, most re-
cently as an administrative manager at
the College. Her work in accounting,
budgets, and personnel brought her

Scheele

into association with many people
throughout the University.

Packer's first position at Cornell was
in the treasurer's office. She came to
the College of Engineering in 1959.
During her years here, she worked
with five deans: S. C. Hollister, Dale
R. Corson, Andrew Schultz, Jr., Ed-
mund T. Cranch, and Thomas E.
Everhart. For most of those years, she
worked with the late John F.
McManus, who was associate dean for
personnel, finance, and facilities. For
the past few years she assisted Gilbert

Whalen

Left: Elizabeth Packer was honored at a
reception in the John F. McManus Lounge
in Hollister Hall shortly before her retire-
ment this summer. More than seventy
friends and colleagues presented her with a
gift of money for travel; this fall she visited
Germany, Austria, and Switzerland.

F. Rankin, director of administrative
operations and facilities.

• The new assistant director of ad-
ministrative operations and facilities is
Michael A. Whalen, who served as
administrative manager of the De-
partment of Plant Pathology for the
previous six years and before that as a
laboratory technician in that depart-
ment. Whalen is a Cornell graduate.

• A new director of public affairs at
the College was also appointed this
fall. She is Mary Berens, a 1974 Cornell
graduate, who has been working for
the University Office of Public Affairs
since 1977, most recently as director of
the Southwest/Mountain Regional Of-
fice in Houston.

Be r ens
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Sun Grant Aids Research;
Winter Receives Award
• A new venture in sponsored re-
search at Cornell got underway this fall
when eight projects in chemical en-
gineering were begun with support
from an unusual three-year $250,000
grant from the Sun Company.

The new Research Initiation Fund
differs from most grants in that it
leaves to the discretion of the
institution—in this case, Cornell's
School of Chemical Engineering—
which projects are to be supported and
how the funds are to be allocated. The
object is to help young researchers
begin programs or established faculty
members develop new areas of inves-
tigation. According to Julian C. Smith,
director of the School, most of the
ideas are kfcnot sufficiently well defined
to attract support from other funding
agencies." The research topics that
have been chosen all have potential
industrial applications, but tend to be
fundamental in nature at the present
level of investigation.

The researchers—professors and
research associates—who received
grants for 1982-83, and their proposed
studies, are: William B. Streett, the

molecular basis of enhanced solubility
in supercritical gases; Keith E. Glib-
bins and Stephen M. Thompson, com-
puter simulation of small drops of liq-
uid surrounded by vapor; Robert K.
Finn, microbial fermentation for al-
cohol production; Paulette Clancy,
phase diagrams for semiconductor la-
sers; Joseph F. Cocchetto, porous
gas-diffusion electrodes for aqueous
electrolyte for fuel cells; William L.
Olbricht, the dynamics of flood flow
and the motion of blood cells and sus-
pended particles; and Michael L.
Shuler, predicting mold growth on
solid substrates.

• George Winter, The Class of 1912
Professor of Engineering, emeritus,
recently received the prestigious In-
ternational Award of Merit from the
International Association for Bridge
and Structural Engineering wkin appre-
ciation of his outstanding contribu-
tions in research and teaching of struc-
tural engineering."

Winter directed pioneering research
in concrete, structural steel, and cold-

Above: George Winter, recently in the
news as the recipient of an international
award, was honored at Cornell in 1975 with
the naming of the structural test bay in
Thurston Hall as the George Winter Labo-
ratory .

formed steel, and published more than
ninety technical papers. He is co-
author of the widely used textbook
Design of Concrete Structures. A Cor-
nell Ph.D., he was a member of the
Department of Structural Engineering
from 1940 until his retirement in 1975.
He served as chairman of the depart-
ment for twenty-two years.

National honors Winter has re-
ceived include the Leon S. Moisseiff
Award, the J. J. Croes Medal, and the
E. E. Howard Award of the American
Society of Civil Engineers (ASCE);
and the Wason Research Medal, the
Henry C. Turner Medal, and the Joe
W. Kelly Award of the American Con-
crete Institute (ACI). He was elected
to the National Academy of Engineer-
ing and the American Academy of Arts
and Sciences, and to honorary mem-
bership in ASCE and ACI. 34
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Going for Gold:
Julian Smith As Philatelist
Most Cornellians know Julian Smith as
a professor and director of the School
of Chemical Engineering. But he has
also earned a reputation in philatelic
circles for his prize-winning stamp col-
lection; he has won three silver and
five gold medals in competitions
around the world. In September of
1981, in Ottawa, he won the grand
award of the British North America
Philatelic Society, and this summer he
received a gold medal in an interna-
tional exhibition in Paris. Recently his
two fields of expertise converged when
he brought his hobby into the labora-
tory: he devised a test for possible
forgery in specimens of a Canadian
stamp by examining them with a low-
energy electron microprobe.

Canadian stamps are his specialty.
He began collecting them as a school-
boy in Montreal, simply because they
were what came in the mail. When he
became a more serious collector, he
began to concentrate on the "classic"
period from 1851, when the first Cana-
dian stamps were issued, to 1928. The
first three stamps, which show the
Canadian beaver, Prince Albert, and

Queen Victoria, are the most valuable
items in his collection. (The beaver
was designed by Sir Sandford Fleming,
a railway engineer who is best known
for promoting the division of the earth
into a number of standard time zones.)
Smith also has a watermarked half-
cent "large queen" profile of Queen
Victoria, issued in 1868, of which only
four examples are known. His pair of
imperforate five-cent stamps bearing
the same likeness but issued in 1875 is
thought to be the only one in existence.

The electron microprobe testing was
an attempt to determine the authentic-
ity of certain Canadian stamps that
bear an overprinted surcharge. In 1898
the Canadian letter rate was lowered
from three cents to two cents, and
rather than waste the three-cent
stamps on hand, the post office had
them overprinted, or "surcharged,"
with the new value in black ink. Some
time later, collectors began buying
stamps with the words "2 CENTS"
printed upside down—a rare mistake
that would increase a stamp's value
several times over if it were authentic.
Philatelists soon realized, however.



Above: A genuine 1898 surcharge and an
inverted one, of questionable authenticity.
A microprobe scan was used to compare
the ink on these two stamps.

Left: The first three stamps issued in
Canada. These stamps, which have never
been used, are in unusually good condi-
tion .

that many examples were forgeries.
The question remained: Were any of
the ''inverted surcharges" genuine?

Smith decided to carry out a nonde-
structive microanalysis to determine
the chemical composition of the ink
used to imprint two inverted sur-
charges which he had acquired from a
reputable collector and two normal
surcharges. A difference would dem-
onstrate clearly that the inverted sur-
charges were forgeries. John Hunt, a
technician in the Cornell Department
of Materials Science and Engineering,
made a microprobe scan of the ink on
the four stamps and interpreted the
results: there were no significant dif-
ferences, indicating that either the in-
verted surcharges are genuine, or else

the forger's ink had the same composi-
tion as that of the post office. As a
further experiment, Smith would like
to test the ink on stamps that are
undisputed forgeries. If it is different,
he points out, at least some of the
inverted surcharges will begin to seem
real by default. The results of the tests
done so far are described in a paper
published in the spring, 1982, issue of
BNA Topics, the journal of the British
North America Philatelic Society.

Such attention to detail is the first
requirement for successful competi-
tion in philately, Smith believes. Au-
thenticity is, of course, an important
criterion in the judging of stamp collec-
tions. Other criteria are the condition
of the stamps, the scope or complete-
ness of the collection, and the ar-
rangement and coherence of presenta-
tion. Smith set out to acquire one good
uncancelled specimen of every Cana-
dian stamp issued through 1928. He is
now only two stamps away from reach-
ing this objective. With issues that
show variations, he has meticulously
filled orthogonal categories: if a par-
ticular issue was overprinted with a 36
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surcharge, for example, he has speci-
mens showing the surcharge at the top,
in the middle, and at the bottom. His
collection is impeccably mounted on
album pages made of graph paper, with
identifying information neatly printed
in India ink. Because of its value, the
collection must be kept in a safe de-
posit box.

How does a collector go about as-
sembling a distinguished collection?
Valuable stamps may occasionally
turn up in attics, Smith says, but one
cannot add to a specialized collection
by looking through old trunks. When a
person begins to collect seriously, he
explains, the first strategy is usually to
frequent dealers to see what they have
for sale. With further increments in
seriousness, the collector may buy
through auctions or leave standing or-
ders with dealers. A collector may
attend an auction in person, submit a
bid by correspondence, or be repre-
sented by an agent. Stamps that are to
be auctioned appear in catalogs; Smith
subscribes to four or five, and several
other companies send him catalogs
when they believe he will be inter-
ested. It's a rare week, he says, when
at least one catalog doesn't arrive in
the mail.

Smith is currently working on proj-
ects in both of his specialities. In addi-
tion to planning the next round of
stamp-testing by electron microprobe,
he and Cornell Professor Peter Har-
riott are preparing a fourth edition of
the classic text Unit Operations of
Chemical Engineering, to be published
by McGraw-Hill. He seems as pleased
with his contributions to philately as
with his publications in chemical en-
gineering. —DAVID PRICE



VANTAGE

Geology Gets a New Home
Oliver

Ground was broken on October 21 for
Snee Hall, a $12.5-million building on
the engineering campus for the De-
partment of Geological Sciences. The
four-story structure between Hollister
Hall and Cascadilla Creek will be the
first building beyond the Collegetown
entrance to the campus.

A principal source of funding for the
building is the estate of the late William
E. Snee, a Cornell alumnus whose
career was in oil and gas exploration
and gas drilling, leasing, and transmis-
sion. The estate has provided $9.5 mil-
lion for the construction project. Snee
was graduated with a bachelor's de-
gree in chemistry in 1925, and received
a master's degree, also from Cornell,
in 1926. His business partnership was
centered in western Pennsylvania and
headquartered in Belle Vernon, where
his widow, Catherine, still lives.

Participants in the groundbreaking
ceremony, which was held on Snee's
birthday, included Mrs. Snee and sev-
eral representatives of Cornell: Presi-
dent Frank H. T. Rhodes (who is also a
member of the Department of Geologi-
cal Sciences), Dean of Engineering

Thomas E. Everhart, and department
chairman Donald L. Turcotte.

New quarters were needed because
of the rapid growth the department has
experienced in the past decade; it now
includes fifteen faculty members, nine
research associates, four postdoctoral
associates, nearly sixty graduate stu-
dents, and about fifty juniors and
seniors. In 1971 the headquarters were
moved from McGraw Hall, where
geology had been taught for more than
one hundred years, to Kimball Hall on
the engineering campus. The move
coincided with a reorganization of the
department as part of the College of
Engineering, with retention of an af-
filiation with Arts and Sciences; stu-
dents in either college can major in the
field.

The accompanying revitalization of
the department coincided with the
general acceptance of plate tectonics
as a central and unifying theory in the
earth sciences (see Engineering: Cor-
nell Quarterly vol. 5, no. 1 and vol. 8,
no. 2). The geologists, geochemists,
and geophysicists recruited by Jack E.
Oliver, first chairman of the reorga- 38
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nized department, instituted a
dynamic program to explore the impli-
cations of plate tectonics. Research
that has made the department unique is
the COCORP program (Consortium
for Continental Reflection Profiling),
which produces cross-sectional repre-
sentations of the earth's crust down to
a depth of forty kilometers. COCORP
is the largest project in the earth sci-
ences funded by the National Science
Foundation.

The new building will have 42,000
square feet of space, exclusive of pub-
lic and utility areas—an increase of 68
percent over the space, in three build-
ings, that is currently occupied by the
department. There will be three rooms
for classes and seminars, a study
lounge, and six laboratories outfitted
for teaching sedimentology, stratig-
raphy, paleontology, geophysics,
geomechanics, and geomorphology.
Other laboratories will be used for
research in these areas and in petrol-
ogy, petroleum geology, geomechan-
ics, marine geology, seismic analysis,
mineralogy, economic geology, and
tectonics. These laboratories are de-
signed to be specialized, yet flexible.
Furniture will be movable and power
outlets accessible, so that in the future
they can be adapted to a variety of
different purposes. A special 4'clean
room" will contain facilities for mass
spectrometry to determine the isotopic
composition of rocks. The computer
which processes COCORP data—now
crammed into half the recommended
space—will be installed in a specially
designed room. There will be storage
areas for the paleontology and
mineralogy collections, a darkroom, a
machine shop, and a garage in which

vehicles can be adapted for specialized
uses in the field.

Esthetics as well as function were
considered in the design by Perkins &
Will, architects. The west facade will
follow the curvature of Central Av-
enue, with two tiers of recessed win-
dows on the upper floors. Inside, an
L-shaped atrium covered with
skylights will rise through the building.
Four corridors on each floor will form
a square, with two sides opening onto
balconies along the atrium. Mineral
specimens in a small museum on the

first level will be visible whenever the
building is open, and a functioning
seismograph will also be on view. On
other floors, the part of the building in
the angle of the L will contain
laboratories, while offices for faculty
and graduate students will be in the
part of the building outside of the L.
This arrangement will separate office
space from laboratories without sac-
rificing the advantages of easy acces-
sibility.

The building is expected to be ready
for occupancy by the fall of 1984.

The architect's model of the new geological sciences building shows its relationship to
Hollister Hall, at left, and the Collegetown bridge. Visible on the roof is the skylight over
one arm of the L-shaped atrium.



FACULTY
PUBLICATIONS

Current research activities at the Cornell Uni-
versity College of Engineering are represented
by the following publications and conference
papers that appeared or were presented during
the three-month period March through May,
1982. (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

Cooke, J. R. 1982. Agricultural engineering edu-
cation: The next 25 years. Agricultural En-
gineering Journal 63:24.
Delwiche, M. J.; Scott, N. R.; and Drost, C. J.
1982. Analysis of instantaneous milk flow rate
patterns. Transactions of the American Society
of Agricultural Engineers 25(2):475-84.

Henke, D. V.; Gorewit, R.C.; Scott, N.R.; and
Skyer, D. M. 1982. Sensitivity of Cows to Tran-
sient Electrical Currents. Paper no. 82-3029,
read at Annual Meeting of American Society of
Agricultural Engineers, 28-30 June 1982, in
Madison, WI.

Hillman, P. E.; Scott, N.R.; and van Tienhoven,
A. 1982. Vasomotion in chicken foot: Dual in-
nervation of arteriovenous anastomoses. Amer-
ican Journal of Physiology 242:R582-90.

Pitt, R. E. 1982. A probability model for forage
harvesting systems. Transactions of the Ameri-
can Society of Agricultural Engineers 25:549-
55, 562.
Pitt, R. E.; Straub, R. J.; Koegel, R. G.; and

Bruhn, H. D. 1982. Design criteria for a forage
plant fractionation press. Transactions of the
American Society of Agricultural Engineers
25:18-22.

Upadhyaya, S. K., and Cooke, J. R. (1981.)
Limb impact harvesting, part III: Model studies.
Transactions of the American Society of Ag-
ricultural Engineers 24(4):868-78.

Upadhyaya, S. K.; Cooke, J. R.; Pellerin, R. A.;
and Throop, J. A. (1981.) Limb impact harvest-
ing, part II: Experimental approach. Transac-
tions of the American Society of Agricultural
Engineers 24(4):864-67.
Upadhyaya, S. K.; Cooke, J. R.; and Rand, R.
H. (1981.) Limb impact harvesting, part I: Finite
element analysis. Transactions of the American
Society of Agricultural Engineers 24(4): 856-63.

Upadhyaya, S. K.; Rand, R. H.; and Cooke, J.
R. (1981a.) Dynamics of fruit tree trunk impact.
Transactions of the American Society of Ag-
ricultural Engineers 24(4):846-55.

. (1981/?.) Effect of CO2 Enrichment on
Greenhouse Crop Production. Paper no. 81-
4524, read at Winter Meeting of American Soci-
ety of Agricultural Engineers, 15-18 December
1981, in Chicago, IL.

• APPLIED AND
ENGINEERING PHYSICS

Clark, D. D.; Scharff-Goldhaber, G.; Yeh, T.;
Gill, R. L.; and Shmid, M. 1982. Beta-Delayed
Neutron Spectra by Time-of-Flight. Paper read
at Annual Meeting of American Chemical Soci-
ety, 28 March-2 April 1982, in Las Vegas, NV.

Dautet, H.; Lee, J.; Shang, S.; Yeh, T.; Clark, D.
D.; Scharff-Goldhaber, G.; Shmid, M.; Gill, R.
L.; Yuan, L; and Chrien, R. E. 1982. Beta-
Delayed Neutron Spectra with He3 Ionization
Chamber. Paper read at Meeting of American
Physical Society, 26-29 April 1982, in
Washington, DC. (Abstract in Bulletin of the
American Physical Society 27:518.)

Larrabee, D. A., and Lovelace, R. V. 1982.
Adiabatic compression of ion rings. Physics of
Fluids 25:714-29.

Lovelace, R. V. E., and Scott, H. A. 1982.
Extra-galactic double radio sources. In Proceed-
ings of International School on Plasma As-
trophysics, European Space Agency publication
SP-161, ed. D. Guyenne, pp. 215-21. Noodwijk,
Netherlands: ESA.

Scott, H. A., and Lovelace, R. V. E. 1982a.
Vortex accretion funnel/relativistic beam mod-
els of double radio sources. In Proceedings of
International Astronomical Union Symposium
no. 97, ed. D. Heeschen and C. Wade, pp.
237-38. Dordrecht, Netherlands: Reidel.

. 19826. Vortex funnels in accretion
flows. Astrophysical Journal 252:765-7'4.
Silcox, J.; Holloway, P. H.; Lawless, K. R.;
Lichtman, D.; Meisenheimer, R. G.; Murr,
L. E.; and Powell, C. J. 1982. Basic research
needs and opportunities for characterizing the
microstructure and microchemistry of inter-
faces. Materials Science and Engineering 53(1):
149^-62.

Yeh, T.; Clark, D. D.; Scharff-Goldhaber, G.;
Shmid, M.; Gill, R. L.; Yuan, L.; Chrien, R. E.;
and Evans, A. 1982. Low Energy Delayed-
Neutron Spectra by Time-of-Flight. Paper read
at Meeting of American Physical Society, 26-29
April 1982, in Washington, DC. (Abstract in
Bulletin of the American Physical Society
27:498.) 40



• CHEMICAL ENGINEERING
Barreiros, S. F.;Calado, J. C. G.;Clancy, P.; da
Ponte, M. N.; and Streett, W. B. 1982. Ther-
modynamic properties of liquid mixtures of ar-
gon + krypton. Journal of Physical Chemistry
86:1722-29.
Calado, J. C. G., and Streett, W. B. 1982.
Vapor-Liquid Equilibrium in Binary Systems of
the Heavier Rare Gases. Paper read at 2nd
International Conference on Thermodynamics
of Solutions of Non-electrolytes, 23-26 March
1982, in Lisbon, Portugal.
Cohen, CmdKwon, O'D. 1982. On the coup-
ling of the diffusion mode to Brillouin peaks.
Journal of Chemical Physics 76:5156-59.
Cummings, P. T.; Morriss, G. P.; and Stell, G.
1982. Solution of the site-site Ornstein-Zernike
equation for nonideal dipolar spheres. Journal of
Physical Chemistry 86:1696-1700.
Finn, R. K. 1982. Use of Pure Strains in Treating
Toxic Wastes and Contaminated Soils. Paper
read at Conference on Impact of Applied Genet-
ics in Pollution Control, 24-26 May 1982, at
University of Notre Dame, South Bend, IN.
Fleig, G. E., and Rodriguez, F. 1982. The effect
of column geometry on separation effectiveness
of agarose for poly(vinyl pyrrolidone). Chemical
Engineering Communications 13:219—29.
Morriss, G. P., and Cummings, P. T. 1982. The
dielectric constant of polar hard dumbbells: A
point charge model for chloromethane. Molecu-
lar Physics 45:1099^1112.
Sahai, O. P., and Shuler, M. L. 1982. On the
nonideality of chemostat operation using plant
cell suspension cultures. Canadian Journal of
Botany 60:692-700.
Streett, W. B. 1982. Phase Equilibria in Fluid

41 Mixtures at High Pressures. Seminar given 17

February 1982, at Princeton University, Prince-
ton, NJ; and 13 April 1982, at University of
Maine, Orono, ME.
Wojcik, M.; Gubbins, K. E.; and Powles, J. G.
1982. The thermodynamics of symmetric two-
center Lennard-Jones liquids. Molecular
Physics 45:1209-25.

• CIVIL AND ENVIRONMENTAL
ENGINEERING

Dick, R. I. (1981.) Sludge management process
integration. In Water, 1980, American Institute
of Chemical Engineers Symposium Series
77(209), ed. G. Bennett, pp. 214-19. New York,
NY: AIChE.
Dick, R. I. 1982. Discussion of "Integral analysis
of water plant performance," by B. L. Ramaley,
D. F. Lawler, W. C. Wright, and C. R. O'Melia.
ASCE Journal of the Environmental Engineer-
ing Division 108:430-32.
Ehrlich, L. A., andKulhawy, F. H. 1982. Break-
waters, jetties and groins: A design guide. Al-
bany, NY: New York Sea Grant Institute.
Grigoriu, M. 1982. Estimates of design wind
from short records. ASCE Journal of the Struc-
tural Division 108(ST5): 1034-48.
Hafker, W. R., and Philipson, W. R. 1982.
Landsat detection of hardwood forest clearcuts.
Photogrammetric Engineering and Remote
Sensing 48(5):779 -̂80.
Ishibashi, I.; Sherif, M. A.; and Cheng, W. L.
1982. The effects of soil parameters on pore-
pressure-rise and liquefaction prediction. Soils
and Foundations 22(1):39^48.
Jimenez, R.; White, R. N.; andGergely, P. 1982.
Cyclic shear and dowel action models in rein-
forced concrete. ASCE Journal of the Structural
Division 108:1106-23.
Kulhawy, F. H. 1982. Engineering stamps: A
specialty field of philately. Engineering: Cornell
Quarterly 16(4): 18-22.
Kulhawy, F. H.; Trautmann, C. H.; Beech, J.
F.; O'Rourke, T. D.; McGuire, W.; Wood, W.
A.; and Capano, C. 1982. Transmission line
structure foundations for uplift/compression
loading. Report 1493-1 and supplement. Palo
Alto, CA: Electric Power Research Institute.
Liu, P. L.-F., Mid Liggett, J. A. 1982. Applica-
tions of boundary element methods to problems
of water waves. In Developments in boundary
element methods: 2, ed. P. K. Banerjee and R. P.
Shaw, pp. 37-67. Barking, Essex, England:
Applied Science Publishers.
Mendiratta, V. B., and Turnquist, M. A. 1982.

Model for management of empty freight cars.
Transportation Research Record 838:50-55.
Philipson, W. R.; Kozai, K.\ and Mills, E. L.
1982. Developing lake sampling strategies with
existing Landsat data. Proceedings of 48th An-
nual Meeting of the American Society ofPhoto-
grammetry, pp. 457-68. Falls Church, VA: ASP.
Saczynski, T. M., and Kulhawy, F. H. 1982.
Analysis, design and construction of bulkheads
in the coastal environment. Albany, NY: New
York Sea Grant Institute.
Sherif, M.A., and Ishibashi, I. 1982. A rational
theory for predicting soil liquefaction. Interna-
tional Journal of Earthquake Engineering and
SoilDynamics l(l):20-29.
Sherif, M. A.Jshibashi, I.; and Lee, C. D. 1982.
Static and dynamic earth pressures against rigid
retaining walls. ASCE Journal of the Geotechni-
cal Division 108(GT5): 679-95.
Turnquist, M. A., and Daskin, M. S. 1982.
Queuing models of classification and connection
delay in railyards. Transportation Science
16(2): 207-30.

• COMPUTER SCIENCE
Schneider, F. B. 1982. Synchronization in dis-
tributed programs. ACM Transactions on Pro-
gramming Languages and Systems 4(2): 125-48.

• ELECTRICAL ENGINEERING
Berger, T. 1982. Minimum entropy quantizers
and permutation codes. IEEE Transactions on
Information Theory (Special Issue on Quantiza-
tion) IT-28 (Part I): 149-57.
Eastman, L. F. 1982a. Structures and
Phenomena for High Velocity Electrons and
High Speed Transistors. Paper read at NATO
Applied Research Institute on Microelectronics,
14-20 March 1982, in Les Deux, France.

. 19826. Very High Electron Velocity in
Short Gallium Arsenide Structures. Paper read
at Meeting of Deutsche Physikalische Gesell-
schaft, 29 March-2 April 1982, in Munster, Ger-
many.

. 1982c. Molecular Beam Epitaxy for Bal-
listic Electron Transistors. Paper read at 161st
Meeting of Electrochemical Society, 9-14 May
1982, in Montreal, Canada.
Faricelli, J. V.; Frey, J.; and Krusius, J. P. 1982.
Physical basis of short-channel MESFET opera-
tion II: Transient behavior. IEEE Transactions
on Electron Devices ED-29:377-88.



Johnson, C. R., Jr. 1982. Review of Modern
Control Systems (3rd ed.), by R. C. Dorf. Au-
tomatic a 18:251-52.
Johnson, C. R.,Jr.; Lyons, J. P.; and Lawrence,
D. A. 1982. Study of a direct adaptive pole
placer. Proceedings of 1982 Optimization Days,
pp. 8-9. Montreal, Canada: University of
Montreal.

Kelley, M. C; Pfaff, R.; Baker, K. D.; Ulwick,
J. C ; Livingston, R.; Rino, C ; andTsunoda, R.
1982. Simultaneous rocket probe and radar mea-
surements of equatorial spread F: Transitional
and short wavelength results. Journal of
Geophysical Research 87:1575-88.

Krusius, J. P.; Nulman, J.; Faricelli, J. V.; and
Frey, J. 1982. Two- and three-dimensional ana-
lytic solutions for post-anneal implant profiles
through arbitrary mask edges. IEEE Transac-
tions on Electron Devices ED-29:435-44.

Krusius, P.; Pattison, P.; Schneider, J. R.;
Kramer, B.; Schulke, W.; Bonse, U.; and
Treusch, J. 1982. Compton scattering study of
trigonal, monolithic, and amorphous phases
of Se. Physical Review B 25:6393-6405.

Kurmer, J., and Tang, C. L. (1982.) Fabrication
of Integrated Optical Components by Ion Im-
plantation Technique. Paper read at 3rd Interna-
tional Conference on Integrated Optics and
Fiber Optical Communication, 6-8 January
1982, in San Francisco, CA.

Linke, S. 1982. Global hydroelectric power via
reflector satellites. Engineering: Cornell Quar-
terly 16(4):9-17.

Okamoto, K.;Rathbun, L.; Wood, C. E. C; and
Eastman, L. F. 1982. Instabilities in the growth
of AlxGad.xjAs/Al/AlyGad.yjAs structures by
MBE. Journal of Applied Physics 53(3): 1532-35.

Riggin, D., and Kelley, M. C. 1982. The possible
production of lower hybrid parametric in-

stabilities by VLF ground transmitters and by
natural emissions. Journal of Geophysical Re-
search 87:2545-48.

Wicks, G.; Wood, C. E. C; Ohno, H.; and
Eastman, L. F. 1982. Optical quality GalnAs
grown by molecular beam epitaxy. Journal of
Electronic Materials 11(2):435-40.

• GEOLOGICAL SCIENCES
Allmendinger, R. W., and Jordan, T. E. 1982.
Mesozoic and Cenozoic Structure of the New-
foundland Mountains, NW Utah. Paper read at
Annual Meeting of Geological Society of
America (Rocky Mountain Section), 7-8 May
1982, at Montana State University, Bozeman,
MT.

Angevine, C. L., and Turcotte, D. L. 1982.
Thermal and Subsidence Histories of Sedimen-
tary Basins on Thinned Continental Crust. Paper
read at Spring Meeting of American Geophysical
Union, 31 May-4 June 1982, in Philadelphia, PA.
(Abstract in EOS 63:442.)
Angevine, C. L.; Turcotte, D. L.; and Furnish,
M. D. 1982. Pressure solution lithification as a
mechanism for the stick-slip behavior of faults.
Tectonics 1:151-60.
Barazangi, M., and M, J. 1982. Velocities and
propagation characteristics of Pn and Sn beneath
the Himalayan arc and Tibetan plateau. Geology
10:179-85.

Liu, L. G.;Shen, P.; andBassett, W. 1982. High
pressure polymorphism of FeO? An alternative
interpretation and its implications for the earth's
core. Geophysical Journal of the Royal As-
tronomical Society 70:57-66.

Oliver, J. 1982. Probing the structure of the deep
continental crust. Science 216:689-95.

Reilinger, R. E., and Adams, J. 1982. Geodetic
evidence for active landward tilting of the Ore-
gon and Washington Coastal Ranges. Geophysi-
cal Research Letters 9:401-03.

Turcotte, D. L. 1982a. Magma migration. An-
nual Review of Earth and Planetary Sciences
10:397-408.

. 1982&. Stress accumulation mechanisms
on strike-slip faults. In Multidisciplinary ap-
proach to earthquake prediction, ed. A. M.
Isikara and A. Vogel, pp. 471-85.
Braunschweig, West Germany: Vieweg und
Sohnen.

. 1982c. Thermal Stresses in Planetary
Elastic Lithospheres. Paper read at 13th Lunar
and Planetary Science Conference, 15-19 March
1982, in Houston, TX. (Abstract in program, pp.
809-10.)

Turcotte, D. L., and Angevine, C. L. 1982.
Thermal mechanisms of basin formation.

Philosophical Transactions of the Royal Society
of London 305A:283-94.

Turcotte, D. L., and Emerman, S. H. 1982.
Stagnation Flow with a Temperature-Dependent
Viscosity: Application to Lithospheric Thin-
ning. Paper read at Spring Meeting of American
Geophysical Union, 31 May-4 June 1982, in
Philadelphia, PA. (Abstract in EOS 62:443.)

Turcotte, D. L., and Schubert, G. 1982.
Geodynamics. New York: Wiley.

Turcotte, D. L.; Spence, D. A.; and Bau, H. H.
1982. Multiple solutions for natural convective
flows in an internally heated, vertical channel
with viscous dissipation and pressure work.
International Journal of Heat and Mass Trans-
fer 25:699-706.

Willemann, R. J., and Turcotte, D. L. (1981.)
Support of topographic and other loads on the
moon and on the terrestrial planets. In Proceed-
ings of 12th Lunar and Planetary Science Con-
ference, vol. 12B, pp. 837-51. New York: Per-
gamon.
Willemann, R. J., and Turcotte, D. L. 1982.
Synthetic Stratigraphy I: Dependence of the
Stratigraphic Column on Subsidence Rate and
Sea Level Change. Paper read at Spring Meeting
of American Geophysical Union, 31 May-4 June
1982, in Philadelphia, PA. (Abstract in EOS
63:443)

• MATERIALS SCIENCE
AND ENGINEERING

Ast, D. G. 1982. EBIC/TEM Observations on
Grain Boundaries in Silicon. Invited talk given at
Meeting of American Physical Society, 8-12
March 1982, in Dallas, TX.
Budai, J.; Donald, A. M.; and Sass, S. L. 1982.
Comparison of the structures of the large angle
2 = 13 [001] twist grain boundary in gold and
silver. Scripta Metallurgica 16:393-98.

Cunningham, B., and Ast, D. G. 1982. Process-
induced defects in EFG ribbons. U.S. Depart-
ment of Energy report no. JPL 956046/4.

Donald, A. M., and Kramer, E. J. 1982a. Craze
microstructure and micromechanics: The effects
of entanglements. In Fifth International Confer-
ence on Yield, Deformation and Fracture of
Polymers, ed. J. N. Radcliffe, pp. 15.1-15.6.
London: Plastics and Rubber Institute.

1982&. Craze microstructure and
molecular entanglements in polystyrene-
poly(phenylene oxide) blends. Polymer 23:

. 1982c. Effect of strain history on craze
microstructure. Polymer 23:457-60. 42



. \9S2d. Effect of molecular entangle-
ments on craze microstructure in glossy poly-
mers. Journal of Polymer Science, Polymer
Physics edition 20:89^-909.

Hagege, S.; Carter, C. B.; Cosandey, F.; and
Sass, S. L. 1982. The variation of grain boundary
structural width with misorientation angle and
boundary plane. Philosophical Magazine A
45:723-40.

Kimura, H.;Ast, D. G.; zn&Bassett, W. A. 1982.
Deformation of amorphous Fe40Ni40P14B6 under
compression to 250 kbar. Journal of Applied
Physics 53:3523-28.

Ruoff A. L. 1982. Pressures of 2 Mbars with the
diamond anvil indentor. In High pressure in
research and industry, ed. C. M. Backman, T.
Johannison, and L. Tegner, pp. 108-21. Upp-
sala, Sweden: Arkitektkopia.

• MECHANICAL AND
AEROSPACE ENGINEERING

Auer, P. 1982. Fusion: Its power, potential, and
prospects. Engineering: Cornell Quarterly
16(4):23-33.
Avedisian, C. T. (1981.) Spontaneous Nuclea-
tion in Droplet Combustion. Paper no. 81-WA/
HT-43, read at Winter Meeting of American
Society of Mechanical Engineers, 15-20
November 1981, in Washington, DC.

Bau, H. H., and Torrance, K. E. (1981.) Thermal
Convection and Boiling in a Porous Medium.

'Paper no. 81-WA/HT-1B, read at Winter Meet-
ing of American Society of Mechanical En-
gineers, 15-20 November 1981, in Washington,
DC.

Cook, R. L., and Torrance, K. E. (1982.) A
reflectance model for computer graphics. Asso-
ciation for Computing Machinery Transactions
on Graphics l(l):7-24.
Crouthamel, D. L.; Isayev, A. I.; and Wang, K.
K. 1982. Effect of processing conditions on the
residual stresses in injection molding of amor-
phous polymers. In Proceedings of 40th Annual
Technical Conference of Society of Plastics En-
gineers, pp. 295-97. Brookfield Center, CT:
SPE.
Harlow, D. G., and Phoenix, S. L. 1982. Proba-
bility distributions for the strength of fibrous
materials under local load-sharing I: Two-level
failure and edge effects. Advances in Applied
Probability 14:68-94.
Pope, S. B. 1982a. An improved turbulent mix-
ing model. Combustion Science and Technology
28:131-45.

43 . 1982/?. The application of PDF transport

equations to turbulent reactive flows. Journal of
Non-equilibrium Thermodynamics 7:1-14.

Wang, K. K. 1982. CAD/CAM for designing and
making molds and for process control. Plastics
World 40(6):41.
Zeman, O., and Lumley, J. L. 1982. Modeling
salt-fingering structures. Journal of Marine Re-
search 40(2):315-30.

• OPERATIONS RESEARCH AND
INDUSTRIAL ENGINEERING

Bechhofer, R. E., and Kulkarni, R. V. 1982.
Closed adaptive sequential procedures for
selecting the best of k̂ = 2 Bernoulli populations.
In Proceedings of 3rd Purdue Symposium on
Statistical Decision Theory and Related Topics,
ed. J. Berger and S. S. Gupta, pp. 61-108. New
York, NY: Academic Press.

Goldfarb, D., and Todd, M. J. 1982. Modifica-
tions and implementation of the ellipsoid al-
gorithm for linear programming. Mathematical
Programming 23:1-19.

Jennison, C, and Turnbull, B. W. 1982a. Confi-
dence Intervals in Sequential Clinical Trials.
Paper read at 3rd Annual Meeting of Society for
Clinical Trials, 2-5 May 1982, in Pittsburgh, PA.

. 19826. Sequential Methods for Cox's
Proportional Hazards Model. Paper read at
Spring Meeting of Biometric Society, Eastern
North America Region, 14-17 March 1982, in
San Antonio, TX.

Todd, M. J. 1982a. An implementation of the
simplex algorithm for linear programming prob-
lems with variable upper bounds. Mathematical
Programming 23:34-49.

. 19826. On minimum volume ellipsoids
containing part of a given ellipsoid. Mathematics
of Operations Research 7:253-61.

Weiss, L. 1982. Asymptotic joint normality of an
increasing number of multivariate order statis-
tics and associated cell frequencies. Naval Re-
search Logistics Quarterly 29:75-86.

• PLASMA STUDIES
Chen, L. J.; Hung, L. S.; Mayer, J. W.; Baglin,
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LETTERS

Editor: You are quite right with regard to
U.S. government policy on solar-energy
R&D. That policy presently seems uncon-
cerned about our energy future. As the late
Margaret Mead used to say, "We have a
crisis mentality in this country." We al-
ready seem to have forgotten our 1973
energy crisis, and brushed the energy-
supply problem under an imaginary rug.
But the problem has not gone away, and it
is not ours alone. We need to
understand—and persuade our decision-
makers—that it is in our own interest to
provide a diversity of energy-supply op-
tions to the world. We have been too
parochial in our outlook, ignoring the re-
alities of global energy interdependence.
We must help develop all viable energy-
supply technologies, put them into use, and
export them. Only through a transition to
new and renewable energy resources can
the world's dependence on oil from the
Persian Gulf be diminished. Since the
commercial use of new energy tech-
nologies will profoundly and favorably af-
fect international relations, the federal
government should share the economic and
technical risks of their introduction.

Our future energy supply is of the
greatest concern to posterity. Those pres-
ently in college are the most influential
group of posterity around, and it is up to

them to speak out for their interests while
there is still some fossil energy left.
Robert Cohen, Ph.D. (E.E.) '56
8402 Donnybrook Drive
Chevy Chase, Maryland 20815

(Note: Robert Cohen's article on ocean
thermal energy conversion appeared in the
Summer 1982 issue of this magazine.)

Editor: I have just read your Summer 1982
issue. It amazes me that a responsible
group of engineers could talk so glibly
about the need for massive use of wind,
biomass and ocean thermal gradients as
possible significant energy for any time in
the foreseeable future. It seems that nu-
clear fission is totally ignored and yet it is
really the only possible significant new
energy source.

Quoting one of your articles: "hundreds
of thousands of the huge wind turbine
machines clustered at sites across the na-
tion could produce almost one-fourth of the
nation's electricity . . . ; savings would
amount to about seven million barrels of oil
a day." It could never be done, as before
the last unit is erected, the first would be
out of service for maintenance. Can you
honestly believe that 100,000 of these units
could be kept running at any reasonable
cost? The wind machines are more compli-
cated by far then the few thousand
windmills that farmers found too costly to
maintain.

"The strongest limiting factor in the de-
velopment of technologies for converting
biomass to fuel—and of other potential
means of producing energy from renewable
sources—is the lack of a national energy
policy supported by the public." This is
true of nuclear fission more so than any
other energy source. Converting sugar to
alcohol, coal to liquid or gas, biomass to
gas have all been found to be uneconomical
in pilot plants.

The use of thermal ocean gradient might
be helpful in Pacific islands and maybe
even the Gulf Coast, but the capital costs of

building and maintaining ocean rigs could
not compete with breeder reactors.

We did not let a crash of a plane into the
Empire State Building stop flying, nor did
Portland or Seattle move after St. Helens,
so why did we abandon nuclear because of
Three Mile Island? We have been hood-
winked by the kooks and the soothsayers
and are not fighting for nuclear power. And
who says fusion will be safer than fission?
LenReid(EE'35)
Milwaukee, Wisconsin
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