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ENGINEERING FOR DECLINE

A Challenge in the Eighties

by Richard E. Schuler
Since its founding, the United States
has had continuous population in-
creases, and American engineers have
built for growth. In the past decade,
however, changing demographic and
economic conditions have brought a
new challenge: engineering for de-
cline. A new question is whether
American ingenuity can manage the
decline that is occurring in many re-
gions of the country, and in practically
all the large central cities, as success-
fully as it has met the needs of an
expanding population and economy.

Several factors are at work in creat-
ing the changing conditions. One is the
continuing movement from urban cen-
ters to the suburbs and a more recent
shift in population from the North and
Midwest to the South and Southwest.
Existing urban facilities such as roads,
water mains, and sewage-treatment
plants remain, with fewer people to
meet the fixed financial obligations
that have been incurred. Another fac-
tor is a drop in United States fertility
rates, which have remained slightly
under the zero-population-growth
level for the past decade. Even if there

should be a rebound in birth rates,
many age-specific facilities are certain
to be larger than needed for a period of
time; in fact, many localities have al-
ready encountered the problem of un-
derutilized educational systems. The
complex and frequently rancorous de-
bate that accompanies proposed
school closings is an example of the
disruptive effects that can occur under
conditions of decline.

My purpose here is not to prophesy
doom and gloom, nor to promote the
4'small is beautiful" idea. Rather, it is
to seek an acknowledgment that the
environment in which design engineers
will operate over at least the next ten
years is changing substantially. I will
attempt to show the range of design
concepts that will have to be reconsid-
ered. The emphasis will be on large,
capital-intensive public projects such
as roads, utilities, and school build-
ings, partly because such facilities are
planned for long service and cannot
easily accommodate changing levels of
demand, and partly because public
facilities are particularly subject to
public controversy.

EMERGING PROBLEMS IN
DESIGNING PUBLIC WORKS
In addition to dealing with the percep-
tions and concerns of various con-
stituencies in the public sector—social
and neighborhood groups, special-
interest representatives, interested
citizens—the designers of large munic-
ipal facilities must interact with a vari-
ety of other professionals, including
city planners, elected officials,
lawyers, and financial experts. What is
happening, in fact, is that the changing
demographics in this country are
rapidly impacting the worlds in which
these professionals operate, as well as
invalidating criteria by which they
successfully practiced in the past.

An additional complication is that
frequently several layers of govern-
ment are intertwined in public proj-
ects. For instance, many new roads are
partially funded by the federal gov-
ernment and are built according to
federally approved guidelines, but the
actual design and construction are im-
plemented through state and local gov-
ernments and subsequent operating
and maintenance expenses are borne 2



"One factor is the continuing movement
from urban centers to the suburbs

by the states and localities. In other
words, although decisions pertaining
to the quality, scale, and longevity of
large new highways are made at one
level of government, the actual burden
of repairing them is shouldered by
another. A similar situation occurs in
the construction of sewage-treatment
plants: the federal Environmental Pro-
tection Agency sets standards of per-
formance and subsidizes construction,
but local governments build, operate,
and maintain the facilities. Such divi-
sions of authority and responsibility
can lead to complex problems in a
period of changing patterns of demand
for public services and changing finan-
cial capability of local governments.

Perhaps the largest single problem in
designing for communities that are ex-
periencing zero or negative growth in
population (or tax base) is getting
people to acknowledge that the situa-
tion exists. It is difficult to deal with a
problem constructively if no one is
willing to admit its presence. For many
years the absence of growth has been
viewed by many elected officials as an

3 indication of failure. There is also a

tradition of local "boosterism" and
"positive thinking"; for example,
local industrial development organiza-
tions frequently have responded to
temporary economic slowdown—the
result, perhaps, of the relocation of a
single large employer—by quickly
identifying replacement firms to move
into the vacated factories. In an era of
expansion, such an upbeat attitude
often is rewarded by positive results,
so it is no wonder that the occasional
skeptic has usually been greeted with
derision. Old habits are hard to
change.

Demographic patterns, however,
have changed and will continue to do
so throughout much of the United
States. Although many regions of the
country will continue to experience
growth, the condition of zero popula-
tion growth requires that many areas
experience decline. It is ironic that the
primary cause of this societal
evolution—lower birth rates—is gen-
erally applauded, but one of the
consequences—oversized and under-
utilized facilities—is often viewed with
disdain.

THE NEED FOR REVISING
ENGINEERING GUIDELINES
Although the existence of problems of
declining population simply must be
acknowledged if they are to be dealt
with effectively, much more is in-
volved than a Madison-Avenue kind of
image-changing. An example is the
need for revision of many of the ac-
cepted guidelines for engineering de-
sign. Most of these became established
after standing the tests of time, but the
trouble is that the testing was accom-
plished during an era of growth and
many of the rules of thumb that
emerged are no longer appropriate.

Not many years ago, for example,
the usual practice in designing a munic-
ipal project was to add a generous
safety margin to the required capacity
in the expectation that population
growth would ensure full utilization at
some time in the future. Any need to
enlarge a facility within a few years
was regarded as a professional embar-
rassment for the designers. A "good
job" was viewed as one that provided
enough capacity to last for a long time.

In a community experiencing de-



Figure I. Population decline in United
States cities is particularly significant in
the Northeast and Midwest, but with a very
few exceptions, it is occurring in all parts of
the country—the well publicized popula-
tion movement to the "sun belt" has in-
creased the number of residents in suburbs
rather than central cities.

Factors causing population decline in-
clude not only the changing patterns of
population movement, but also a drop in
United States fertility rates, which are
slightly under the zero-population-growth
level.

cline, however, today's margin of
safety may become tomorrow's alba-
tross. Under a growth scenario, the
capital costs of an initially oversized
project are spread gradually over more
and more residents as the community
expands; the average per capita tax
burden, or the cost of services, gradu-
ally decreases as more people become
users. In a declining regime, by com-
parison, the amount of excess capacity
grows larger and the fixed costs must
be spread over fewer users. To make
the situation worse, higher costs may
result in lower consumption, which in
turn leads to even higher tax burdens
or user charges. The problem is further
compounded if high taxes and munici-
pal fees encourage residents to relo-
cate in other communities.

BREAKING THE SPIRAL OF
EFFECTS OF DECLINE
The challenge for today's engineers is
to find ways of breaking this spiral.
Refinancing is one of the first pos-
sibilities that come to mind. But con-
tractual debt repayment and interest
charges on bonds that finance capital
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projects are difficult to alter, and in the
current inflationary period, refinanc-
ing may prove to be more costly than
servicing the existing debt. An alterna-
tive possibility for saving on future
expenses is to alter the operating
characteristics of existing facilities. In
some circumstances it may actually
pay to make small additional capital
investments in order to rearrange
existing facilities so they can function
efficiently at less than their original
design capacities.

The expedient operational mode for

facilities in aging, declining com-
munities faced with severe fiscal pres-
sures is to defer maintenance. Actu-
ally, this may even be desirable if the
maintenance is deferred on a selective
basis. For instance, it might become
apparent that a particular link of road
should be closed, eventually, because
of decline in its use; in the meantime,
the quality of the surface could be
allowed to deteriorate gradually.
Without any kind of maintenance,
however, individual segments would
break apart at different rates; bridges,



for example, would soon become too
hazardous for safe passage. A scien-
tific plan for reducing road capacity
would provide for different degrees of
maintenance for different parts of the
road, so that all the components would
wear out at the same rate, gradually
approaching the time when the link
would no longer be needed. The alter-
native approach of cutting mainte-
nance budgets across the board and
dealing with repairs on an emergency
basis ultimately leads to unpleasant
surprises like the collapse of the West
Side Highway in New York City. Con-
siderations such as these suggest the
need for thorough revision in the way
routine decisions about maintenance
schedules are made.

One lesson that has been learned
indirectly as a result of the financial
duress of many of the larger, older
cities of the United States is that
facilities may be useful for much longer
periods than their original design lives.
In a series of studies, the Urban Insti-
tute has documented the aging and
deteriorating qualities of public infra-
structure (for an example, see The
Future of New York City's Capital
Plant by David Grossman and George
E. Peterson). In some instances, water
and sewer pipe that was planned to last
for fifty years was found to be still
functioning nearly one hundred years
later.

Not only maintenance procedures,
but the entire concept of urban land-
use planning may have to be altered in
the face of population loss. Some
studies along this line have already
been undertaken. Professor Wilbur
Thompson at Wayne State University,

5 for example, has compared the cost-

saving potential of two ways of letting
large cities depopulate: in an unregu-
lated manner, or by designating
particular areas as the ones to be aban-
doned eventually. The second alterna-
tive has the advantage of allowing the
municipality to reduce greatly the level
of service in certain areas: some
streets no longer have to be paved,
pipes can be shut off, schools and fire
houses can be closed. Obviously, this
kind of municipally endorsed redlining
would meet tremendous opposition
from residents in the impacted areas
and other concerned citizens. Yet the
alternative of gradual, prolonged
decay may be just as undesirable as
well as more costly.

DESIGN CHALLENGES
IN URBAN PLANNING
Aging communities that must replace
facilities present an unprecedented de-
sign opportunity. The question facing
planners and engineers is: How can
facilities be best laid out to meet a
projected declining demand over their
lifetimes? One strategy might be to
provide a number of small pieces of
equipment (such as pumps in a water-
supply facility) rather than a single
large unit; as need declined, fewer
units could be used and operating and
maintenance costs would be reduced.
Even greater economies might be
achieved if "throw-away" technology
could be applied to those portions of
the facility that are likely to become
unneeded in five or so years. A similar
solution might be workable in the de-
sign of school facilities. Just as tempo-
rary classrooms helped solve the im-
mediate problems of burgeoning
enrollments in the 1950s, so could they

meet the temporary needs for new
facilities in communities with declining
populations but inadequate school
buildings. (In fact, hindsight suggests
that many communities would have
been better served if they had kept
their temporary classrooms of the
1950s for twenty years instead of build-
ing permanent structures.)

Another way in which communities
with declining populations might con-
trol costs is to share their facilities. For
example, in large urban areas with
multiple political jurisdictions, indi-
vidual municipalities frequently have
their own water-supply systems, com-
plete with reservoirs, filtration plants,
and pumping stations. If all the com-
munities are experiencing declining
demand, and if the systems are inter-
connected, operating costs can be
shared with mutual benefit. Further-
more, facilities that wear out might not
have to be replaced if adequate capac-
ity is available elsewhere in the inte-
grated system. Unfortunately, neigh-
boring municipalities often have a
tradition of noncooperation. In par-
ticular, the withholding of water-



Some of the problems of engineering de-
sign for cities with changing population
patterns are apparent in Ithaca, New York,
where Cornell is located.

Improvement of traffic flow at the lloc-
tapus" at the city's west end (I) has been
the subject of long debate. In anticipation
of expanded economic development, state
planners originally proposed a four-lane
highway, possibly including an overpass.
An opposition view was that such an in-
crease in capacity was unnecessary, as
well as environmentally undesirable. The
design is still under study.

Recent school closings in the Ithaca
district, mandated by declining enroll-
ments, caused considerable controversy.
This former elementary school (2) is now
used as a community center and houses a
variety of private classes and programs.

A number of innovative ideas for con-
verting unused school buildings have been
implemented (see also the inside front
cover). This apartment building (3) was
once an elementary school. Well-designed
interiors (4) retain architectural features of
the original structure. The entryway (5)
takes advantage of the original woodwork
and design, but shows evidence of its cur-
rent use: an apartment directory to the
right, and a tenant's outdoor grill.



supply or sewerage facilities has
frequently been used as a kkbeggar-
thy-neighbor" tactic for attracting new
development at the expense of neigh-
boring communities. Since such com-
munities did not share facilities under
conditions of growth, even though
sharing would have saved costs, they
may not be disposed to cooperate under
conditions of population decline.

Another dilemma of a nontechnical
nature is often faced by the engineer
who seeks to cut costs by prescribing
modest alterations in facilities. Com-
munities not experiencing growth may
find that their ability to finance such
investments is greatly impeded. A
constantly expanding tax base is a
good assurance of a municipality's
ability to meet its financial obligations,
but if the tax base is shrinking, even a
community with a good record of re-
payment may find the costs of financ-
ing greatly increased. This, of course,
alters the design engineer's decision-
making calculus.

The complex new problems posed
by cities with declining populations
ensures that design engineers of the
next decade will have to be creative in
their technical ideas. Fewer projects
will call for entirely new facilities;
many more will consist of renovations
and modifications. Accordingly, fewer
projects will be accomplished by off-
the-shelf replication of existing works;
many more will involve specialized,
inventive design features. If engineers
are ingenious and demonstrate their
ability to reduce municipal costs,
communities are likely to find that
spending a higher proportion of their
project money on engineering design is
a wise investment.

But first, the various professions
that are involved must alter some of
their practices, and must cooperate
with each other. And before that can
happen, the problem of decline must
be acknowledged and viewed as the
new opportunity of the eighties.

Richard E. Schuler, an associate professor
of environmental engineering and of eco-
nomics at Cornell, began a leave this sum-
mer to serve as commissioner and deputy
chairman of the New York State Public
Service Commission. In this position he
will be dealing with some of the same issues
he discusses in this article, specifically as
they are involved in the regulation of pri-
vate utility companies. He will be continu-
ing some of his research program at Cor-
nell during his period of service with the
state.

Schuler*s general area of specialization
is the interaction between local govern-
ment and urban development, transporta-
tion, and environmental quality; his recent
research has centered on problems of in-
dustrial location and utility regulation. The
article presented here grew out of studies

he has made in collaboration with Walter
R. Lynn, Cornell professor of environmen-
tal engineering and currently director of
the University's Program on Science,
Technology and Society. Their project in
the area of "engineering for decline" was
sponsored by the National Science Foun-
dation.

Schuler studied at Yale University for an
undergraduate degree in electrical en-
gineering, granted in 1959, and then spent
eight years with the Pennsylvania Power
and Light Company in engineering, mar-
keting, and administrative positions, and
two years as a fuels and energy economist
for the Battelle Memorial Institute. Sub-
sequently, he earned the M.B.A. degree in
business from Lehigh University and the
M.A. and Ph.D. degrees in economics
from Brown University. He came to Cor-
nell in 1972 after completing his graduate
work.

Throughout his academic career,
Schuler has been active as a consultant. At
the present time he is working with a vari-
ety of consumer groups, utilities, and regu-
latory bodies on problems of utility rates
and the planning of facilities. He was also a
consultant to the Institute for Energy
Analysis at Oak Ridge. He is registered as
a professional engineer in Pennsylvania.



TRYING TO CONTROL CRIME

Research on the Criminal Justice System

by Alfred Blumstein
Few subjects today receive as much
public attention as crime. Yet few pub-
lic problems have been so neglected by
scientific analysts. Although there has
been increasing sophistication in the
operation of crime laboratories, basic
research in the prevention and treat-
ment of crime is comparable in its
development to astronomy at the time
of Galileo.

The main reason for this neglect is
that problems of crime are regarded
primarily in ideological terms, just as,
in Galileo's time, the preference for a
geocentric over a heliocentric model of
the universe was essentially ideologi-
cal. Calls for more severe punishment
of criminals are heard loudest from the
right; the left (which appears to be
diminishing in size) focuses more on
reform of the social conditions that
give rise to crime. The empirical base
that might justify or favor either of
these positions is extremely thin.

Some research developments over
the last fifteen years are finally begin-
ning to shed light on the field of crimi-
nal justice, however, and there is hope
that public policy with regard to crime

will at least be better informed in the
future. An important stimulus was the
work of the President's Commission
on Law Enforcement and Administra-
tion of Justice, which urged, in its 1967
report The Challenge of Crime in a Free
Society, the establishment of a major
program for studying the problems of
crime and the criminal justice system.
The work of that commission's Task
Force on Science and Technology
(which I directed) encouraged the ap-
plication of engineering and scientific
skills to the analysis of crime-related
problems.

DECLINE OF THE STRATEGY
OF REHABILITATION
Much of the early research on crime
control began with evaluations of a
wide variety of ''rehabilitation" pro-
grams. Rehabilitation is one of the
three principal means by which the
criminal justice system tries to control
crime. (The other two are incapacita-
tion and deterrence, about which more
will be said later.)

Until very recently, rehabilitation
was the reigning ideology within the

criminal justice system. The basic idea
is that the most desirable way to con-
trol crime is to try to reform individual
malefactors through some "treat-
ment," which might include impris-
onment, counseling, and the teaching
of job skills. Unfortunately, the evalu-
ations of rehabilitation efforts showed
that these programs function no better
than any other treatment method, at
least in terms of subsequent criminal
behavior. Actually, that result is not
very surprising. Since individuals re-
leased from prison generally return to
the environment that got them in-
volved in crime in the first place, the
prospects for a strong, continuing cor-
rective influence are very limited.
There is also an implicit weakness in
the rehabilitation approach in the pre-
sumption that the behavioral sciences
can reasonably be called upon to
change the behavior of individuals. In
reality, society would probably be will-
ing to entrust only limited behavior-
modification techniques to the crimi-
nal justice system, even if powerful
methods were available.

The results of those experimental



"New analytical skills were needed
to augment those of psychologists
and sociologists

evaluations have had a major effect on
prison policy. To a surprising degree,
they have already been widely ac-
cepted in practice and have led to a
general abandonment of the view that
rehabilitation is the primary purpose of
imprisonment. Instead, there has been
a growing emphasis on retribution:
punishment per se is increasingly seen
as the principal objective of imprison-
ment. In terms of crime control, em-
phasis has been placed on punishment
as a deterrent and as a means of remov-
ing offenders from the larger society.
In this view, the imprisonment of a
convicted criminal has a symbolic
value in discouraging others from
committing the crime; and putting an
offender in prison averts crimes that
might be committed if the convict were
still out on the streets.

ANALYZING THE EFFECT
OF PRISON ON CRIME RATE
Since measuring the effects of deter-
rence and incapacitation on crime
rates is a considerably more complex
analytical task than the experimental

9 evaluation of rehabilitation efforts, the

new emphasis in crime control brought
new professions into the field of
criminology. New analytical skills
were needed to augment those of psy-
chologists and sociologists, who had
been in charge of the experimental
evaluations of rehabilitation; experts
in techniques such as econometrics
and the analysis of stochastic pro-
cesses began publishing research re-
lated to crime control. The technical
issues raised by their analyses could
not easily be handled by most of the
practitioners in the criminal justice
system (not many lawyers or judges
have had courses even in basic statis-
tics, let alone stochastic processes),
and therefore the National Academy of
Sciences established a Panel on Re-
search on Deterrent and Incapacitative
Effects to try to assess the evidence in
these areas. That panel, which I
chaired, also included lawyers and so-
cial scientists who are experts in vari-
ous specialty areas.

The approach to measuring deter-
rence effects must be indirect, since
experimentation on offenses other
than parking or traffic violations tends

to be infeasible because of legal con-
straints. Methodologies of economet-
rics can be used to draw inferences
from the variations in sentencing and
crime rate that occur in different juris-
dictions over periods of time. Basi-
cally, such research tries to discern the
relationship between a given sanction
policy (for example, the probability of
imprisonment for those who commit
crime or the length of sentence for
those sent to prison) and the crime
rate, incorporating controls for exo-
genous contributing factors (such as
socioeconomic conditions believed to
be causative of crime). What has been
found so far is that there is, indeed, a
negative association between sanction
policy and crime rate: jurisdictions
that punish more do have less crime.
Questions remain, however, about the
relative magnitudes of the underlying
causes. How much of the negative
association is due to the greater
deterrent effect of more severe
punishment? How does this compare
with the effect higher crime rates might
have in inhibiting the imposition of
sanctions? These two mechanisms



have not yet been adequately sepa-
rated. Nevertheless, much of the grand
debate over whether punishment de-
ters crime is now being transformed
into a much more technical considera-
tion of how the presumed underlying
deterrent effects can be measured. Ef-
forts are being made to estimate the
deterrent effect.

The research on incapacitation has
invoked other kinds of models, princi-
pally of stochastic processes, with
which operations researchers are more
familiar. Incapacitation as a preven-
tive measure is based on the presump-
tion that if an individual criminal at
large would commit crime at the rate of
X crimes per year, but is put in prison
for S years, then XS crimes would be
averted. The validity of that presump-
tion is limited by several possibilities,
however. One is that if the individual
had not been imprisoned, the criminal
career might have terminated before
the S years were over. Another possi-
bility is that crimes might continue to
some degree while the convicted per-
son is in prison (for example, a re-
placement might be recruited, perhaps

through a "criminal labor market," as
in drug dealing, or through arrange-
ment by a fence to keep up the supply
of stolen goods). On the other hand,
the XS reduction could apply rea-
sonably well to a pathological rapist.

Of course, the model requires esti-
mates of the value of the parameter X.
The potential importance of X to the
criminologist would be comparable to
the importance of the speed of light, c,
to the physicist, yet until very re-
cently, it has been largely unidentified
and its value and statistical distribution
almost totally unknown. Estimation of
k requires detailed knowledge about
the structure of criminal careers, and
in a form very different from what has
ever been available. Criminologists
have accumulated much biographical
detail about individuals like Willie Sut-
ton, John Dillinger, and the "Jack Rol-
ler," who had long, varied, and fas-
cinating criminal careers, but these
men were in no sense typical. The
value of X, a parameter pertaining to
the average offender, cannot be de-
rived from such exceptional cases.

It is only recently that efforts have
been made to study X explicitly. Since
criminals do not normally maintain ac-
curate logs of their activities, alterna-
tive methods of estimating the parame-
ter must be used. There are two
primary approaches. One is to conduct
interviews with criminals, asking them
for detailed information about how
many crimes they committed in any
year. Such "self-report" studies are
now being conducted by a group at the
Rand Corporation. The other ap-
proach involves studying individual
arrest histories, which police agencies
normally maintain. First a characteri-

zation of the arrest process is drawn
from the arrest histories. Then, since
arrests represent a "sample" (deter-
mined by the arrest probability) of the
stochastic crime process, statistical in-
ferences about the crime process can
be made. Jacqueline Cohen and I are
following this approach in our research
at Carnegie-Mellon University.

Each of these approaches is subject
to error. The self-reports are vulnera-
ble to intentional misinformation or
simply failure of recall by the criminal
informant. The analysis of arrest rec-
ords is immune to those problems, but
must invoke assumptions about the
arrest "sampling" process. However,
with information obtained through
these two different approaches, we can
generate independent estimates of X;
and the initial results do appear to be
consistent.

BENEFITS VERSUS COSTS IN
IMPRISONMENT POLICY
In order to design rational imprison-
ment policies, it is necessary to com-
bine knowledge about the deterrent
and the incapacitative effects of im-
prisonment. Those effects represent
(in terms of crimes averted) the "bene-
fit" side of a sanction policy, which
must then be weighed against the
"costs" of imprisonment. It is possi-
ble, however, to get around the neces-
sity of making explicit the difficult
tradeoff between crimes averted and
costs of imprisonment.

At least in the short term, any sanc-
tion policy is constrained by the capac-
ity of the prison system. This may even
be true over long periods, for there is
strong evidence that in a given social
system, incarceration rates—that is, 10



13
Q.
O

4>

o
•fi
a

130-i

10-

United States

1880 1890 1900 1910 1920 1930 1940 1950 1960 1970

Year

11

the numbers of prisoners per unit of
population—are fairly constant (see
Figure 1). There is evidently some sort
of homeostatic process at work, main-
taining a relatively stable incarceration
rate. The apparent explanation is that
as the amount of crime in a society
increases, the response is less likely to
be a proportionate increase in the in-
carceration rate than it is to be a raising
of the "threshold" above which crimes
are considered serious enough to war-
rant imprisonment, or an adjustment in
the importance attached to any prior

criminal record the offender may have.
At any rate, the capacity constraint
and the likelihood of a homeostatic
process enable one to structure a
model for sanction policy that does not
invoke benefits and costs directly, but
instead seeks a minimization of crime
rate, subject to a prison-capacity con-
straint and to the maximum sanction
policy that is acceptable to the society.

Such a model was developed by
Daniel Nagin and me. In this model,
crime rate C (crimes per capita) is
represented as C= ATJP, where k is the

Figure I. Annual imprisonment rates in the
United States, Norway\ and Canada. The
fairly constant rates suggest that a
homeostatic process of some kind main-
tains more or less stable incarceration
rates despite any changes in crime rates.

The mean and standard deviations for
the curves are:
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Figure 2. Representation of a model for
determining optimum sanction policy for
sentencing convicted criminals. The model
was developed by Blumstein and Nagin.

Crime rate, C, and incarceration rate, I,
are both functions ofk, the sanction level.
Sometimes policy is constrained by the
maximum imprisonment rate, U (deter-
mined by prison capacity), and by a
maximum acceptable sanction policy, km.
The colored area represents an infeasible
region, in which the incarceration rate,
I(k), would exceed prison capacity, U; the
actual sanction, k, must be positioned out-
side this area.

average individual crime rate, 77 is the
fraction of time a criminal is out on the
street (a reflection of the incapacita-
tion effect of imprisonment), and P is
the fraction of the population that en-
gages in criminal acts. Both 17 andP are
functions of sentencing policy: the
more severe the sentences, the lower 77
(through incapacitation) and the lower
P (through deterrence).

In this model, the incarceration rate,
which serves as the constraint, is given
by I = CZ, where C is the crime rate
and Z is the expected sentence per
crime. Figure 2 is a graph showing both
C and / as functions of a parameter ft,
which is the expected sentence per
conviction, a measure of sentencing
severity.

It is interesting to note that for very
low sanction levels, the incarceration
rate / is low (because punishment is
generally avoided), but the crime rate
is high. For a very severe sanction
policy, the incarceration rate is also
quite low, largely because the deter-
rent as well as incapacitative effects of
those high sanctions keep crime rates
low and make imprisonment less nee-
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essary. For many legitimate reasons,
however, society is unwilling to im-
pose very severe sanctions, however
effective they might be in controlling
crime. For example, even if a thirty-
year sentence were effective in deter-
ring burglars, a judge would be very
unlikely to impose that severe a sanc-
tion. Therefore, the sanction policy is
constrained in two ways: by a
maximum imprisonment rate, U,
shown as a horizontal line in Figure 2,
and by a maximum acceptable sanc-
tion policy, km.

The intriguing question facing the
designer of an optimum sanction pol-
icy is the location of km with respect to
the "infeasible" region in which in-
carceration rate would exceed the
prison capacity, U (illustrated as the
colored area between ka andkb). lfkm is
greater than kb, then a severe sanction
policy is acceptable, incarceration
rates are within the acceptable range
(below U), and the society benefits
from a relatively low crime rate. If the
maximum permissible policy, km, falls
in the colored area, however, that 12



". . . prison populations should decline
after 1990 as the effect
of the 'baby boom' dissipates/'

would generate too high an incarcera-
tion rate, and the sanction policy
would have to drop down to the point
ka at the lower edge of the colored area.
If km is to the left of the colored area,
then that policy would be imposed, but
with a correspondingly high crime
rate.

The analyses illustrated in Figure 2
have provided some intriguing insights
into the structure of an optimum sanc-
tion policy. It is clear that if sufficiently
severe sanctions were possible or ac-
ceptable, there could simultaneously
be a low incarceration rate and a low
crime rate. There is a central problem,
however, in that we still do not know
enough about criminals and their be-
havior to be able to specify parameter
values for the / function of Figure 2. It
may be that kb is outside a range that is
biologically feasible (for example, it
might correspond to several lifetimes),
even if it were socially or politically
feasible. Until we get a much better
estimate of the individual crime rate, A,
and of the parameters reflecting the
deterrence effects, our ability to design

13 an optimum policy will be limited.

Nevertheless, these analytical devel-
opments have helped to identify the
particular parameters to be estimated,
and research is now moving forward to
develop estimates of them. Reason-
able estimates can be expected to
emerge within a matter of years, and
we will be well on the way to being able
to establish much more informed sanc-
tion policies. That knowledge should
at least permit the hawks and the doves
to be joined in their ideological debate
by a group of owls.

EFFECTS OF THE BABY BOOM
ON PRISON POPULATIONS
In the meantime, the society has little
recourse but to continue current
policies, with some minor perturba-
tions in response to changing exoge-
nous conditions. One of the most im-
portant changes is the shift in age pat-
terns of the United States population.
This shift creates an important issue
because criminal behavior is ex-
tremely age-sensitive. Arrest rates typ-
ically peak at about sixteen to eighteen
years of age and then decline, reaching
a value of half the peak at about age

nineteen for property crimes, twenty-
three for robbery, and thirty-six for
assaultive crimes against persons. This
correlation between age and crime rate
is particularly significant because of
the age bulge in the population known
as the "postwar baby boom," which
pertains to those born in the fifteen-
year period from 1947 to 1962. Indi-
viduals at the trailing edge of that popu-
lation wave are already nineteen, and
so the peak crime years for the "baby
boom" population have already
passed. Thus, a gradual decline in
crime can be expected in the 1980s as a
result of those demographic aging ef-
fects, aside from any effects of other
socioeconomic factors.

An anomalous consequence of this
demographic shift is that even with a
decline in crime in the 1980s, these
years are expected to see a growth in
prison populations—or at least in-
creased pressure on prison capacities.
This is because the high-imprisonment
ages lag the high-crime ages by almost
ten years, a result of the fact that
juvenile offenders are rarely impris-
oned and all but the most serious adult



Figure 3. Projections showing anticipated
levels of crime and imprisonment. Accord-
ing to these predictions, the incidence of
crime will diminish during the 1980s, but
prison populations will increase. The peaks
in the curves reflect the effects of the age
bulge in the United States population cor-
responding to the postwar 'baby boom"
from 1947 to 1962. The reason for the
differences in the two curves is that the
ages at which arrests peak are much earlier
than the peak ages at which offenders are
sent to prison. These projections are based
on Pennsylvania records through 1977, as
analyzed by Blumstein, Cohen, and Miller.
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offenders typically get two or three
sentences to probation before they are
sent to prison. Since the peak impris-
onment age is about twenty-five, we
can anticipate that the incarceration
rate will reach a peak in about 1990.
These projections, which came from
an analysis of flow through the
Pennsylvania criminal justice system,
are shown in Figure 3. The projections
were developed from a computer simu-
lation of the flows carried out by Jac-
queline Cohen, Harold Miller, and me.

Interpretation of these projections
is, of course, subject to limitations of
the data. They apply directly only to
the state of Pennsylvania, which has a
fairly stable population not signifi-
cantly influenced by migration—a
situation that probably also prevails in
much of the Northeast and Midwest,
but is probably not characteristic of the
West and Southwest. Also, the obser-
vation that crime should decline is
based on aggregate state-wide statis-
tics, and therefore will not apply to all
communities; clearly, the effect will
vary from city to city, depending on
the particular demographic and migra-

tion patterns. On the other hand, the
prediction about prison populations,
which was based on aggregate data at
the state level, is likely to be repre-
sentative of many states, especially
those with stable populations.

The extreme pressure on the prisons
during the 1980s can be expected to
give rise to corresponding strong pres-
sures to increase prison capacity. The
situation will be exacerbated by the
growing conservativeness of the times,
which is reflected in a growing anger and
frustration over crime victimization
and an increasing impatience with
strategies that focus on the social
causes of crimes. There are already
vigorous calls for increased toughness
in dealing with criminal offenders, and
many politicians court public support
by crying for stiffer sentences. Of
course, payment of the bill for such
toughness almost always occurs in
another ring of the political circus,
where the popular cry is for a reduction
in taxes. A typical scenario is acted out
in the state legislatures: the judiciary
committee passes a stiff sentencing bill
and then the appropriations committee

refuses to provide the funds to ac-
commodate the resultant increased
prison population. The conflict over
these issues will become particularly
critical over the next decade as Propo-
sition 13 fever keeps a tight lid on
government revenues and as demo-
graphic effects and political pressures
combine to crank up imprisonment.

The prediction of prison population
is of particular importance in this con-
flict. A naive projection of the growth
in prison populations over the past
decade would simply extrapolate fu-
ture populations ever upward. As we
have seen, however, taking the demo-
graphic effects into account leads to
the conclusion that prison populations
should decline after 1990 as the effect
of the "baby boom" dissipates. Even
if a state were to decide immediately to
increase its prison capacity, the addi-
tional facilities would have a very short
operational life before they were no
longer needed, for the time required to
appropriate the money and to design
and construct the prisons would be at
least five years. Since prisons pres-
ently cost about $50,000 per cell for 14



construction and about $10,000 a year
per prisoner for operations, the
prison-population projections must be
taken into account in deciding on the
optimum level of expansion.

A feasible procedure for legislatures
would be to require that a "prison
impact statement" be appended to
every sentencing bill. This would help
clarify the relation between the two
issues: the appropriate level of puni-
tiveness and the amount of money the
legislature is willing to spend. The
same model we used to project prison
populations could be used to estimate
the impact of sentencing legislation,
simply by changing the parameters.
Such impact statements would assure
that tradeoffs between punitiveness
and cost are made overtly. This should
inhibit irresponsible cries for greater
punitiveness—cries that are intended
primarily for political effect and are not
accompanied by a willingness to pro-
vide additional funds.

TOWARD A SCIENTIFIC BASIS
FOR POLICY-MAKING
In the last decade increasing scientific
attention has been focused on crime,
crime control, and sanction policies.
The tools and methods of operations
research, engineering analysis, and
engineering design in general are being
brought to bear on these problems.

Crime-related problems constitute
one of the last areas of public policy to
be subjected to systematic, empirical
analysis. This has been largely because
ideological stances strongly influence
most people in their attitudes toward
policy alternatives. There is no ques-
tion that value judgments should and

15 will continue to play an important role,

but it is crucial that such judgments be
focused on establishing the desirability
associated with alternative outcomes.
Value judgments cannot be an ade-
quate basis for assessing the outcomes
of alternative policies; estimates of
phenomenological relationships can
best be derived from honest scientific
observation. Informed by such knowl-
edge, the society, through its political
processes, can responsibly decide the
degree of punitiveness it wants and is
willing to pay for as part of its strategy
for controlling crime.
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Subsequently he was chairman of a panel
assembled by the National Academy of
Sciences to study the deterrent and in-
capacitative effects of imprisonment. At
the present time he is chairman of the
Academy's Committee on Law Enforce-
ment and Administration of Justice, and he
heads the Commission on Crime and De-
linquency of the state of Pennsylvania.

In addition to his work in the area of
criminal justice, Blimistein's professional
activities have included research on air-
traffic control, urban mass transportation,
and military operations. He served as pres-
ident of the Operations Research Society
of America in 1977-78.

His Cornell degrees are the Bachelor of
Engineering Physics, which he received in
1951, and the Ph.D. in operations re-
search, awarded in 1960. (As one of the
first recipients of a Cornell doctorate in
operations research, he worked closely
with Professor Andrew Schultz, Jr.) In
1963 he returned to Cornell for a year as
a visiting faculty member in operations
research.



APPORTIONMENT

Reflections on the Politics of Mathematics

by William Lucas and David Housman
Dividing up the seats in the federal
House of Representatives among fifty
states might seem to be an elementary
exercise in arithmetic, requiring
merely a simple rounding of fractions.
This is not the case, however. How to
apportion the Congressional seats has
been debated frequently and at length
for over two hundred years, and the
issue is likely to receive considerable
attention by the Congress and the
courts in the next year or two, in the
wake of the recent national census.

The long-standing contention is over
the method used to arrive at an integral
number of representatives for each
state from a mathematical quotient of
population figures. In fact, the
mathematical problem was the occa-
sion of the first presidential veto in
United States history: George
Washington vetoed the initial appor-
tionment bill passed by the nation's
first Congress. Over the years, four
different mathematical procedures
have been followed and others have
been proposed. Although all of them
appear reasonable in their approach,
none of those yet devised has all the

4'common-sense" properties any
"reasonable" method should have.
Also, the possibilities for political ad-
vantage give the controversy intrigu-
ing overtones that are unusual in de-
bates about mathematics. In this arti-
cle, we touch on the ramifications of
the apportionment problem, as well as
its mathematical basis.

We note that the problem of appor-
tioning Congressional seats is distinct
from the reapportionment or redistrict-
ing problem, which is concerned with
determining the boundaries of the
Congressional districts within a state.
This problem is also one of major con-
cern for many legislatures and courts
this year.

THE HISTORICAL ROLE
OF THE CENSUS
The apportionment issue was ad-
dressed in the United States Constitu-
tion, which established the census and
set forth the first rules for enumeration
and for allocation of taxes and Con-
gressional seats.

Article I, Section 2 of the original
Constitution includes the statement:

Representatives and direct taxes shall
be apportioned among the several
states which may be included within
this Union, according to their respec-
tive numbers, which shall be deter-
mined by adding to the whole number
of free persons, including those bound
to service for a term of years, and
excluding Indians not taxed, three-
fifths of all other persons. The actual
enumeration shall be made within
three years after the first meeting of
the Congress of the United States, and
within every subsequent term of ten
years, in such manner as they shall by
law direct. The number of repre-
sentatives shall not exceed one for
every thirty thousand, but each state
shall have at least one. . .

The original stipulations about what
groups should be counted have been
modified a number of times. In 1868
the Fourteenth Amendment to the
Constitution eliminated the three-
fifths rule for counting slaves. The
census of 1940 included all Indians.
Since 1970 certain overseas citizens
have been allocated to their "home" 16



"Representatives . . . are not
finely divisible . . . "

states. And in 1980, in a controversial
ruling, illegal aliens were included in
the population counts.

The apportionment of taxes has also
been revised. The Sixteenth Amend-
ment, instituted in 1913, stated that
taxes could be levied "without appor-
tionment among the several states, and
without regard to any census or num-
eration," and this cleared the way for
direct taxes such as the personal in-
come tax. Still, certain federal pay-
ments to the states and local com-
munities are currently determined by
population figures, so that a decrease
in relative population size can cause a
state to lose revenue-sharing funds as
well as political representation.

There is, of course, no difficulty in
allocating taxes or subsidies in such a
way that they are directly proportional
to population, because money is a
finely divisible commodity. Repre-
sentatives, however, are not finely di-
visible, and the Constitution does not
specify a precise rule for determining
the necessary whole numbers. This is
the cause of the political apportion-

17 ment problem.

THE MATHEMATICAL BASIS
OF APPORTIONMENT METHODS
The fair or proportional share of repre-
sentatives for a particular state i in a
representative assembly of s states
and h seats is given by its quota, q,.
This is related to the number of Con-
gressional seats and the population
figures according to the expression

q,lp, = hip
where p, is the population of state / and
p (the sum p^ + p2 + . . . + ps) is the
population of the whole country.
Another way of stating the relation is
that each q, is proportional to the cor-
responding population/?,, with hip the
constant of proportionality. The ap-
portionment problem consists of
rounding the s fractions q, to nearby
integers a,- in the best or most equitable
manner while preserving the relation

a1 +a2 + . . . +as = h.
Since 1912, the House of Repre-
sentatives has used the fixed house
size of h = 435. Previous to that time,
the size of the House was a variable,
determined along with the particular
scheme for making the actual appor-
tionment.

At first glance, it would appear that
the apportionment problem should in-
volve merely some simple approxima-
tion technique for rounding fractions,
or perhaps some natural measure of
inequity that could be minimized. Ac-
tually, every procedure that has been
proposed has undesirable properties,
as we shall see in the following brief
review of the methods and some of the
consequences of their application.

HAMILTON'S METHOD
OF LARGEST FRACTIONS
Given the integers h and p^ p2, . . . ,
ps, one natural way to solve the appor-
tionment problem is to assign to each
state the largest whole number [g,]
contained in its quota q, and then to
assign any remaining seats, one each,
to those states having the largest frac-
tions q, - [qf], until all h seats have
been allocated.

Table I illustrates this apportion-
ment method, using as an example a
university consisting of four colleges
with enrollments of 4,799, 2,934,
1,332, and 935 students and a joint
student senate consisting of h = 100



College

i

1
2
3
4

Totals

A Feasible

Number of
Students

Pi

4,799
2,934
1,332

935

10,000

Divisor x

Tablet.

Quota

9/

47.99
29.34
13.32
9.35

100

APPORTIONMENTS FOR A UNIVERSITY SENATE

Integral Fractional
Part Part Apportionment of Seats by Various Methods
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0.99
0.34
0.32
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29
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49
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9

100

97.9

47
29
14
10

100

102.3

48
30
13
9

100

99.0

48
30
13
9

100

99.0

members. The mathematical quota q,
for each college contains a whole
number [<?,], which is assigned as a
number of seats in the senate; then the
remaining seats (two) are assigned to
the first and fourth colleges because
they have the two largest fractional
parts. The resulting apportionment is
48,29, 13, and 10 seats.

This procedure is referred to as the
method of largest fractions or of
greatest remainders, and in Congres-
sional history as the method of Hamil-
ton or of Vinton. In March of 1792 the
Congress passed the nation's first ap-
portionment bill, stipulating that this
scheme, as proposed by Alexander
Hamilton, should be used to allocate
120 seats among the existing fifteen
states. George Washington, on the ad-
vice of Thomas Jefferson, vetoed that
bill, but the method was revived sixty
years later and used until 1910. During
that period, the procedure was gener-
ally referred to as the Vinton method of
1850, after Ohio Congressman Samuel
F. Vinton. Several procedural varia-
tions were actually used, and political
squabbling sometimes led to appor-

tionments that were inconsistent with
the basic principles of the method.

Some undesirable properties of this
method can be seen in terms of our
example of the university student sen-
ate (Table I). If we assume that a few
students have changed colleges and
that the new population figures are
4,797, 2,937, 1,330, and 936, Hamil-
ton's method of largest fractions re-
sults in the apportionment of 48,30, 13,
and 9. One thing that has happened is
that although the fourth college's
quota has increased (from 9.35 to
9.36), it has lost a seat in the senate. It
turns out that this particular "fault" is
present in every "reasonable" appor-
tionment method, being inherent in the
discreteness of the mathematics in-
volved. But there is something else
undesirable happening here that does
not occur in many other apportion-
ment methods: the relative population
increase in college 4 (1 part in 936) is
greater than for college 2 (3 parts in
2,937), and yet college 4 loses a seat to
college 2. This phenomenon is referred
to as the population paradox.

An additional example illustrates

another undesirable property. If the
size of the university senate is in-
creased from h = 100 to h = 101 seats,
but the population figures remain as
given in Table I, the quotas are calcu-
lated as 48.47, 29.63, 13.45, and 9.44,
leading to the apportionment of 49, 30,
13, and 9. Even though no change in
the populations has taken place, and
the total number of seats has increased
by one, college 4 has lost a seat. This is
referred to as the paradox of house size,
or in Congressional history as the
Alabama paradox. It actually appeared
in some of the apportionments being
considered for the federal House of
Representatives—in Rhode Island in
the 1870s, in Alabama in the 1880s, and
in Maine and Colorado in the 1900s—
and in the latter two cases it caused
great controversy.

There are many other apportion-
ment methods that never involve the
population or Alabama paradoxes;
these include the divisor methods dis-
cussed below. On the other hand, the
method of Hamilton does always pos-
sess one highly desirable attribute,
called the quota property: the appor- 18



tionment for each state is either the
largest whole number contained in the
quota or else the next highest integer.
This quota property does not hold, in
general, for any of the other methods
described here.

DIVISOR METHODS
INCLUDING JEFFERSON'S
In the early years there was a strong
tendency for Congressmen to think in
terms of an ideal population size for
Congressional districts. They would
fix on some size x called a divisor or
ratio, and then examine the resulting
quotient Pj/x in order to determine how
many seats state / should have. The
Constitution requires that x be at least
30,000, and the first apportionment
bill, passed in 1792, used the value* =
33,000. The value of x was normally
arrived at before the house size h was
determined. (This is similar to deciding
on an average class size for a school
district, and then determining the
number of teachers needed.)

This approach, too, leads to a prob-
lem of rounding, since the populations
of states are usually not integer multi-
ples of JC. Depending on what rule is
used for rounding remainders, differ-
ent variations of the divisor method of
apportionment result.

The first formal method used to ap-
portion the House of Representatives
was a divisor method identified by the
terms greater divisors, rejected frac-
tions, or assumed ratios', it has also
been referred to as the Jefferson or the
Seaton method. (C. W. Seaton of the
census office reproposed the method
in 1881 after the Alabama paradox
arose with the use of Hamilton's

19 method.) This was the procedure fol-

lowed by the Congress after the cen-
suses of 1790 through 1830. It resolves
the remainder problem simply by re-
jecting the fractional parts inp,/x. If the
house size h is fixed in advance, then it
is necessary to solve for an x which
satisfies the requirement that the total
number of apportioned seats be equal
to h. Also, there must be a rule for
breaking ties in the unlikely event that
they should occur. In our student sen-
ate example (Table I), this method
apportions h = 100 into 49, 29, 13, and
9 seats, respectively, with* = 97.9. (If
h were increased to 101 in this exam-
ple, the apportionment would be the
same as that obtained according to the
largest fractions method of Hamilton.)

One difficulty with this method of
Jefferson is the fact that it might give a
state one or more full seats in excess of
its quota. This occurs in our Table I
example: college 1 is assigned 49 seats,
although its quota is calculated as
47.99. This violation has actually oc-
curred in Congressional apportion-
ments; for example, in the 1820s and
1830s New York had 34 and 40 seats,
although its quotas were only 32.5 and
38.6, respectively. Another undesir-
able feature of the Jefferson method is
that it shows a statistical bias in favor
of large states; this is because dropping
fractions hurts small states more than
large ones. That fact probably did not
escape Jefferson and his friends from
Virginia, the largest state at the time. If
measured against the apportionment
that Hamilton's method would have
produced, Jefferson's method effec-
tively took one seat away from Dela-
ware and gave it to Virginia. Large
districts in a representative assembly
often have enough votes to pass an

apportionment law that is advantage-
ous to them.

In 1832 John Quincy Adams pro-
posed another divisor method that is
referred to as the method of smallest
division or the Adams method. In this
procedure, each state / is assigned the
smallest whole number that is larger
than or equal to its quotient p,lx. This
method rounds all fractions up to the
next integer value, rather than round-
ing them down, as in the method of
Jefferson. The effect on our university
senate apportionment is shown in Table
I. In some cases this method may
assign to a state an apportionment that
is lower than its quota (for example,
New York's quota in the 1830s was
38.6, but Adams' method would have
assigned it only 37 seats). Also, this
method is biased in favor of small
states; Adams was concerned about
the shift in Congressional seats away
from Massachusetts and New England
as the United States population ex-
panded toward the west. His proposal
was never adopted by the Congress,
however.

Still another divisor method was
proposed in 1832 by Daniel Webster.
Called the Webster method or the
method of major fractions, it takes the
middle road between the approaches
of Jefferson and Adams. Each state's
quotient p,lx is rounded to the nearest
integer. Theoretically, this method
could violate both the lower and the
upper quota conditions; that is, it could
give rise to apportionments less than
[<?,], the integral part of the quota (see
Table I), or to apportionments greater
than [q,] + 1. In practice, however,
such a violation occurs only rarely.
Furthermore, the Webster method has



The Congressional apportionment method
championed for some seventy years by
Cornells redoubtable Walter F. Willcox
has strong support again today, after forty
years of eclipse.

The eminent Willcox, who lived to the
age of 103 (1861-1964) was known as a
scholar with intellectual breadth and an
interest in practical problems. An expert in
the fields of statistics and demography, he
was instrumental in introducing quantita-
tive methods into social science research;
as chief statistician for methods and re-
search in the new Bureau of the Census
(formed in 1900), he treated aspects such
as illiteracy, race, and age, and issued
reports that were the first of their kind and
became models for ensuing studies. During
his years at Cornell, from 1891 until his
retirement in 1931, he also served as presi-
dent of professional societies in several
fields.

As a crusader for equitable Congres-
sional apportionment, he was instrumental
in establishing a limit of 435 members in the
House (before this limit, the number in-
creased with population). His advocacy of
the method of major fractions for appor-
tionment continued long into his retirement
years; a letter on the subject, written when
he was more than one hundred years old,
was published in the New York Times.

Willcox was famous also as a walker.
When he was in his nineties he was still
walking at least six miles a day, and he
walked at least a mile a day up to the time
of his death.

Willcox came to Cornell in 1891 as a
faculty member in philosophy; later, until
his retirement in 1931, he was a professor
of economics and statistics. He was dean
of the College of Arts and Sciences from
1902 to 1907 and he became one of the first
three faculty members on the Board of
Trustees. He founded the Staffer Club and
served as its first president.

A son, Bertram F. Willcox, also taught at
Cornell. He is an emeritus professor of law.

the advantage of being the only divisor
method that does not favor either large
states or small ones. This method of
Webster was used by Congress after
the 1840 census, and again from 1912 to
1940. It was replaced in 1852 by Hamil-
ton's method of largest fractions (al-
though several of the subsequent ap-
portionments did not, in fact, follow
the Hamilton procedure strictly, and
some of them were in agreement with
Webster's approach).

The major advocate for the Webster
method throughout much of the first

half of the twentieth century was the
distinguished Cornell professor Walter
F. Willcox. Although his position lost
out after the 1940 census, the method
he championed may yet be adopted.

THE CURRENT METHOD
AND ITS LIABILITIES
In 1911 Joseph A. Hill of the Bureau of
the Census suggested the apportion-
ment method that was adopted follow-
ing the census of 1940 and is still in
effect. The reapportionment for the
election in 1982 will also use the Hill
method unless Congress acts to change
the existing law.

The Hill method is also called the
main Huntington method after Ed-
ward V. Huntington, a professor of
mathematics and mechanics at Har-
vard, who was a major advocate of the
method from 1920 through the early
1940s. Its basic principle is reflected in
some of the other names attached to it:
equal proportions, geometric mean,
and alternate ratios. Both Hill and
Huntington believed that an appor-
tionment method should minimize
some measure of inequity between
pairs of states. The measure they
chose was the relative (or percentage)
difference between the values for av-
erage representation (the number of
representatives per inhabitant) per-
taining to the two states. Other mea-
sures, as Huntington showed, can lead
to other apportionment methods. For
example, if the absolute difference be-
tween the average representations of
the two states were used, the method
that would result is Webster's. Jeffer-
son's and Adams' methods also
minimize different pairwise measures
of inequity. 20



Table I I .

Method of:

Adams

Hill

Hamilton

Webster

Jefferson

PROPERTIES OF

Quota
Violations

lower only

yes

no

yes (few)

upper only

FIVE APPORTIONMENT METHODS

Alabama
Paradox

no

no

yes

no

no

Population
Paradox

no

no

yes

no

no

Bias toward:

small states

small states

neither

neither

large states

Hill's method is actually a divisor
method, and so has the advantage of
always avoiding the population and
Alabama paradoxes, but it has the
drawback of yielding apportionments
that may be less than the lower or
greater than the upper quota condi-
tions. It is also somewhat biased in
favor of small states.

The Hill method was voted into law
by a Democratic Congress in 1942
when it was determined that this ap-
portionment procedure would give an
extra seat to Arkansas (normally a
Democratic state), whereas Webster's
method would give the seat to Michi-
gan (which was likely to elect a Repub-
lican). The vote was strictly along
party lines except for the Democrats
from Michigan.

ASSESSING THE VARIOUS
APPORTIONMENT METHODS
It has been proven that no apportion-
ment method will simultaneously al-
ways avoid the population paradox
and always produce an apportionment
without quota violations. A choice

21 must be made as to which of these two

desirable properties is to be sacrificed.
In the past, Congressional debate has
focused on the undesirability of quota
violations, the Alabama paradox, and
systematic bias toward large or small
states, but as can be seen in Table II,
none of the methods that have been
introduced eliminated all three of
these. On the other hand, it has not
been proven that such a method does
not exist.

Until this issue is resolved, either
the method of Webster or the method
of Hamilton appears to be a good com-
promise. Indiana Representative
Floyd J. Fithian has recently advo-
cated the use of Hamilton's method for
the 1982 Congressional elections. Two
mathematicians, M. L. Balinski and H.
P. Young, have picked up where
Willcox left off in advocating the adop-
tion of the Webster method. As in the
past, the decision as to which appor-
tionment method is to be used may be
based largely on political consid-
erations. According to the census fig-
ures as of January 1, 1981, Indiana
stands to gain one seat from New
Mexico if either the method of Webster

or the method of Hamilton is used in
place of Hill's equal proportions. The
Hamilton method would also give one
of Montana's seats to California.

A forthcoming book, Fair Repre-
sentation by Balinski and Young (to be
published by Yale University Press),
reviews the history of apportionment
for the House of Representatives and
presents a well documented and con-
vincing argument for the adoption of
Webster's method. More technical
presentations and additional refer-
ences appear in an article by the same
authors in the January 1980 Proceed-
ings of the National Academy of Sci-
ences U.S.A. and in a recent technical
report by W. F. Lucas, issued by the
School of Operations Research and
Industrial Engineering at Cornell.

The rather bitter and prolonged ar-
gument between Willcox and Hun-
tington is documented by numerous
commentaries and letters that ap-
peared in Science in 1928 and 1929 and
again in 1942.

OTHER APPLICATIONS
OF APPORTIONMENT METHODS
Fair political representation is just one
of many issues in which the problem of
equitable apportionment arises. Any
operation involving the allocation of
people or of indivisible commodities
requires some mathematical method of
apportionment. A dean or a high
school principal may wish to allocate a
given number of full-time faculty posi-
tions to departments according to
some criterion such as the number of
courses offered. A company might
want to distribute its annual bonus
pool (or salary increments) in multiples
of one hundred dollars and in such a
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way that the additional amounts are
proportional to current salaries. A
statistician may need to present data in
a tabular form in which percentages
are rounded to one decimal place and
yet add to 100 percent. A numerical
analyst may be searching for the best
"step function" of a certain type to
approximate a given continuous func-
tion. An administrator may need to
assign indivisible tasks among a group
of employees—an example is a univer-
sity department head establishing pro-
fessors' teaching loads.

Equity is often a serious concern in
problems such as these, and the selec-
tion of an appropriate apportionment
method is part of the requirement.
Decision-makers—and also interested
readers—might consider what the im-
plications of undesirable properties
such as the population or Alabama
paradoxes would be in some of these
contexts.

William F. Lucas is professor of operations
research and applied mathematics at Cor-
nell and David Housman is a National

Science Foundation graduate fellow at the
University's Center for Applied Mathemat-
ics. Their article on the Congressional ap-
portionment problem had its origins in
Lucas's course in game theory, which
Housman took during his first semester as
a graduate student. An initial paper on the
subject, written by Housman, won second
prize in the 1980 Fuertes Memorial Prize
contest sponsored by the Cornell chapter
of Sigma Xi, the honorary scientific re-
search society for graduate students. The
competition is for popular articles on top-
ics in the physical and biological sciences.

Lucas, an internationally known expert
in game theory, has been at Cornell since
1969. Previously he taught at Princeton
University and the University of Wisconsin
and worked as a mathematician at the
Rand Corporation. He holds degrees in
mathematics and physics from the Univer-
sity of Detroit, and a Ph.D. in mathematics
from the University of Michigan.

Lucas has held a Fulb right fellowship in
Turkey and served as an exchange scien-
tist, sponsored by the U.S. National
Academy of Sciences, at the Soviet
Academy of Sciences' Leningrad Institute
of Socio-Economic Problems. At the time
this Quarterly article went to the printer,
Lucas was lecturing in Taiwan.

In current activities at Cornell, Lucas is
serving on the steering committee of the
Peace Studies Program, which is spon-
sored by the University's Center for Inter-
national Studies. He is a member and
former director of the Center for Applied
Mathematics and has served as Chairman
of the Policy Committee of the College of
Engineering.

Housman received his undergraduate
education at Allegheny College, graduat-
ing summa cum laude in 1979 with majors
in mathematics and physics. The summer
before his junior year he took part in a
mathematical research project as a partic-
ipant in the National Science Foundation
Undergraduate Research Program at the
University of Minnesota, and before his
senior year he spent seven months at the
Argonne National Laboratory working on
a project in mathematical biology (the de-
velopment of a model of energy transfer
among chlorophyll molecules). His pri-
mary interest now is in game theoretic
models of the economy.

Housman \s interest in the Congressional
apportionment problem has continued in
some further studies of Webster*s method
and in attempts (' mostly unsuccessful") to
develop a new, unbiased method of Con-
gressional apportionment.
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COMMENTARY

A Common Curriculum with Distinction
An Inside Story

by Malcolm S. Burton
Computer graphics, microprocessors,
computer literacy, digital systems:
these terms, a few of many that were
hardly part of an engineer's vocabu-
lary a decade ago, are clues to the need
for change in engineering education.
New techniques, tools, and concepts
tend to find their way quickly into
university research programs, but en-
gineering education requires periodic
review to assure state-of-the-art effec-
tiveness. Every decade or so, after
years of piecemeal adjustment, a com-
plete overhaul becomes due. At the
Cornell College of Engineering, 1981
will be known as the year of the new
undergraduate curriculum.

What has emerged is a plan that
accommodates technological devel-
opment, yet reaffirms the Cornell idea
of an undergraduate program in en-
gineering: a good general, scientific,
and technical education to provide a
solid foundation for professional work.

The new program is actually a
third-generation offspring of the Col-
lege's first common curriculum, which
was introduced under former Dean

23 Dale R. Corson with the establishment

Malcolm S. Burton is associate dean of the
College of Engineering with special re-
sponsibility for undergraduate education,
and professor of materials science and
engineering. He has been on the Cornell
faculty since 1946 and has been a member
of the College administrative staff since
1970.

of the Division of Basic Studies in
1960. For the first time, engineering
freshmen were admitted by and to the
College, rather than one of its units,
and students became free to delay their
choice of a major until their third year.

Under Dean Andrew Schultz, Jr., the
five-year undergraduate curriculum
was changed to a four-year Bachelor of
Science program plus an integrated
fifth-year Master of Engineering pro-
gram, and a major evolutionary change
in the common-core curriculum fol-
lowed in 1969. Now there is the 1981
revision, which will apply to freshmen
entering this fall.

Lengthy review of the curriculum by
the Policy Committee of the engineer-
ing faculty culminated in a faculty reso-
lution in May, 1979, requesting that the
dean appoint a special committee to
reevaluate the core curriculum of the
College and to suggest appropriate
modifications. Dean Thomas E.
Everhart appointed such a committee,
with Professor Richard I. Dick as
chairman.

For eighteen months the committee
gathered information from alumni and
present students, consulted many
people and groups at Cornell, studied
the curricula of other first-rate en-
gineering schools, and spent countless
hours in debate. Several draft propos-
als were written and rewritten. In



Dick
The special faculty committee for evalua-
tion of the core curriculum was headed by
Richard I. Dick, professor of civil and
environmental engineering, and included
representatives of all the schools and de-
partments of the College. Members during
one of both of the years the committee met
were Mark S. Nelkin, Robert A. Buhrman,
James S. Thorp, Richard H. Lance, Sub-
rata Mukherjee, Donald L. Bartel, William
A. Bassett, David C. Heath, David L.
Kohls tedt, Gerard Salt on, George F.
Scheele, and Norman R. Scott. A number
of other faculty and staff members partici-
pated as resource persons.

March of this year the faculty ap-
proved a common curriculum judged
to be suitable for the 1980s. In May the
faculty established the Common Cur-
riculum Governing Board, which pro-
vides a mechanism for innovations in
the future.

CHARACTERIZING A CORNELL
ENGINEERING EDUCATION
In the new curriculum, each Cornell
engineering student must satisfy cer-
tain common requirements as well as
the course program of a chosen spe-
cialty field. In fact, the overall four-
year curriculum now includes twice as
many common courses as specialized
field courses. The common program
has been altered to better meet the
needs of the times—for example, stu-
dents now take three times as much
computer science and programming as
their predecessors did a decade ago—
but it still mandates the time-proven
essentials of basic instruction in math-
ematics and the sciences. The "liberal
stem" of the curriculum has not been
cut back; students take more courses
in the humanities and social sciences

than in mathematics and physics.
Actually, the number of required

courses has been reduced, making the
program more flexible. No longer is
the curriculum specified term by term,
with students progressing in lock step.
No longer is the course program sharp-
ly divided between basic studies and a
two-year field program. Students will
be able to take one or more "engineer-
ing distribution" courses as freshmen,
or may satisfy the distribution re-
quirements as late as the senior year.
All this flexibility makes it critical that
each student plan carefully to ensure
that curricular requirements are met,
prerequisites for future courses are
taken in time, appropriate selections
are made from the many curriculum
options, and elective courses are cho-
sen with understanding.

WHEN SHOULD TRAINING
IN A SPECIALTY BEGIN?
Studies show that within a decade of
their graduation, a great many Cornell
engineers enter different specialty
fields from the ones they majored in, or
combine two or more engineering dis-

ciplines in their practice, and many
others move into managerial or ad-
ministrative positions in which their
engineering knowledge becomes
background for their daily respon-
sibilities. This poses a problem in de-
signing the curriculum. Many students
would be best served by a program that
stresses basic and appropriate pre-
engineering courses. On the other
hand, many students wish to concen-
trate on a more specific course pro-
gram in the single specialty of their
choice—a few want to specialize from
the day of matriculation. Others delay
the selection of a specialty as long as
possible, or change their minds in the
sophomore year.

The faculty, too, has diverse views.
In considering the new proposals, the
faculty was in general agreement that
students should take a broad spectrum
of pre-engineering courses, and that
the program should include an ade-
quate humanities component. It was
pointed out that deferring affiliation
with a field program would foster an
accommodation with an expanding
body of knowledge that is common to
all engineering fields, and that such an
arrangement would be helpful to the
sizable number of transfer students
who enter as upperclassmen. On the
other hand, it was noted that early
affiliation promotes a feeling of iden-
tification and allows students to get a
head start on field-oriented work if
they wish to do so. Moreover, the fact
that knowledge is expanding rapidly in
every discipline was very apparent to
faculty members, and they were con-
vinced that the engineering curriculum
for the eighties must not compromise
the engineering content. 24
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For these contrasting reasons, the
committee recommended the options
that are provided in the new cur-
riculum: Students may identify with an
upperclass field as early as the end of
the first year, but they do not have to
make a selection until the end of the
sophomore year. Early affiliation with
a field will not alter the common cur-
riculum, but will allow a greatly mod-
ified schedule of courses—an attrac-
tive feature for many students.

SOME SPECIAL CONCERNS
OF THE FACULTY
Because the impact of computers is
universally recognized as a major con-
sideration for the 1980s, it was decided
to ensure that all engineering graduates
have at least basic competence in
computing. The new curriculum lays
the foundation for computer literacy in
the required freshman course Intro-
duction to Computer Programming. In
addition, a second computing course,
or an engineering course with exten-
sive work in computing, must be com-
pleted. This amounts to doubling the
minimum computer instruction that
was required under the superseded
curriculum.

The study committee made an ex-
tensive evaluation of past and prospec-
tive requirements for liberal and social
science courses. It was agreed that
engineers should have a strong
liberal-studies background and that
Cornell engineering students, who
have the advantage of attending a
large, excellent, and diverse univer-
sity, should elect some of the many
liberal-studies courses that are avail-
able to them. For many years the Cor-
nell engineering curricula have in-

PRIMARY FEATURES OF THE NEW CURRICULUM

Common requirements are spread through the entire four-year program.

Students can affiliate with a field program as early as the end of the freshman
year.

The field programs consist of courses giving 36 to 48 credits (usually 12 to 16
courses).

Students complete four "engineering distribution" courses to ensure some
technical breadth.

New "introduction to engineering" courses, to be offered by the various
departments, enable students to gain an insight into the nature of engineering.

Required courses include four in mathematics, three in physics, one in
chemistry, and two in computing. (Exceptions: One of the mathematics courses
can be a course approved by the student's upperclass field; the other three are
stipulated. Substitution of an advanced science course for the third course in the
physics sequence may be allowed on petition of the field-program faculty.)

The mandated "liberal-studies stem" includes nine credits (usually three
courses) in the humanities and fifteen credits in either humanities or social
sciences.

Three electives approved by the student's faculty adviser and two free electives
are included in each student's program.

No specific number of courses is required. Credits for graduation vary with the
field but are between 128 and 140.

eluded a mandated liberal component,
but some students have managed to
satisfy the requirement without taking
more than a very few humanities
courses (they would concentrate on
economics or government, for exam-
ple). The new curriculum therefore
specifies that all undergraduates must
take at least nine credits (usually three
courses) in humanities and at least
fifteen additional credits in humanities
or social sciences.

The faculty is in general agreement
that engineers certainly should include

familiarity with the social sciences in
their credentials, and that a broad
background that includes study in the
humanities is important for all edu-
cated people. There are some ironies in
this connection, however. We on the
College of Engineering faculty expect
engineering students to be concerned
with and understand the relationships
of technology and society, even
though we often feel that the humanists
fail to understand those relationships.
And we expect engineering students to
be familiar with the domain of the



"Cornell engineering
students . . . have
the advantage of

attending a large,
excellent, and

diverse university . . ."

humanists, even while lamenting that
humanists venture timidly or not at all
into the analytical world of scientists
and engineers.

A number of features of the new
curriculum cannot be described specif-
ically. For example, the faculty is
greatly concerned about the ability of
Cornell engineering graduates to
communicate effectively both orally
and in writing, and has recommended
that the writing ability of all freshmen
be evaluated and remedial courses
required if they are needed. The com-
mittee report included an additional
comment: "All engineering students,
however, need more writing experi-
ence than they obtain in the present
curriculum. It is considered that this
writing experience should be obtained
in the context of courses in the College
of Engineering—not by curriculum
modifications." Implicit in this rec-
ommendation is advice to the engineer-
ing faculty that they should make more
assignments that require good techni-
cal writing. Laboratory reports, for
example, could be required to have
narrative sections that would be evalu-
ated and criticized by the instructor; in
written work of other kinds, careful
attention could be given to the writing
skills as well as to content.

TOWARD A BETTER
PROFESSIONAL OUTLOOK
We believe that our new curriculum
meets as effectively as possible the
needs for engineering education in the
1980s. Requirements for the common
program have been strengthened and a
faculty board has been set up to over-
see and improve the common cur-
riculum. At more advanced levels, the

undergraduate program has been made
more flexible. Not the least benefit of
the extensive review is a renewed fac-
ulty interest in the undergraduate
course program, especially the com-
mon curriculum. Throughout the pro-
cess of discussion and decision-
making, the responsibility of the entire
faculty toward all aspects of the pro-
gram has been stressed and generally
acknowledged.

In the Winter 1970 issue of this mag-
azine, Dale R. Corson, who had been
dean of engineering at Cornell and was
then president of the University,
wrote:

The preprofessional undergraduate
program must be an engineering
"major," providing the necessary
background in the natural sciences,
the social sciences, and the humani-
ties, but at the same time building the
base in technology which will provide
the motivations, the appreciations,
and the attitudes which characterize
the true engineer. . . .

We believe that the new Cornell en-
gineering curriculum meets these re-
quirements. The base in science, hu-
manities, and technology that Corson
called for should be assured. But cur-
riculum planning in itself cannot
guarantee the development of "the
motivations, the appreciations, and
the attitudes which characterize the
true engineer." The faculty members
who teach the required and elective
courses and the students who take
them must interact effectively to
achieve the best kind of engineering
education.
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REGISTER

• Jack E. Oliver, the Irving Porter
Church Professor of Engineering, has
been awarded the Bucher Medal of the
American Geophysical Union (AGU)
for his * 'original contributions to the
basic knowledge of the earth's crust."
The medal was presented at the or-
ganization's annual meeting in Balti-
more in May.

Oliver, who completed a decade as
chairman of the Department of Geolog-
ical Sciences this summer, was in-
strumental in reorganizing the depart-
ment and establishing it as an intercol-
lege department. Part of the revitaliza-
tion that occurred in the department
resulted from the development of plate
tectonics as a basic geologic concept.
Oliver's research is associated with
plate tectonics and the AGU citation
recognized his "insights and scientific
intuitions in initiating major research
programs leading to new discoveries
regarding the deep structure and the
evolution of the earth's crust."

His work in documenting evidence
for the subduction of lithosphere is
considered a cornerstone of plate tec-

27 tonic theory. An important develop-

Oliver Corson

ment under his leadership at Cornell
was the establishment of the Consor-
tium for Continental Reflection Profil-
ing, which is operated by Cornell and
sponsored by the National Science
Foundation.

Oliver came to Cornell from Colum-
bia University, where he received his
doctorate, taught for eighteen years,
and served as department chairman.
He is a past president of the Seismolog-
ical Society of America and a fellow of
the American Geophysical Union.

• Dale R. Corson, president emeritus
and chancellor of Cornell University
and former dean of the College of
Engineering, has received one of the
highest honors accorded to engineers:
election to the National Academy of
Engineers. He was cited by the
academy for k'leadership in evaluation
of engineering enterprises vital to the
national welfare; contributions to vital
military electronic developments; and
leadership in engineering education."

He is also assuming an enlarged role
in engineering at Cornell as a new
member of the Engineering College

Council, a twenty-one-member advi-
sory board. He has been at Cornell
since 1946, when he joined the faculty
as a member of the Department of
Physics, which he later served as
chairman. He became dean of the Col-
lege of Engineering in 1959, provost of
the University in 1963, and president in
1969. Since his retirement as president
in 1977, he has served as chancellor.

He was educated at the College of
Emporia in Kansas, at the University
of Kansas, and at the University of
California at Berkeley, where he re-
ceived his doctorate in physics. He is a
licensed professional engineer in New
York State.

In Corson's early work in physics
and engineering, he participated in the
design and construction of the 60-inch
cyclotron at Berkeley's Radiation
Laboratory and served as a staff
member of the Radiation Laboratory
at the Massachusetts Institute of
Technology. During World War II, he
was a radar consultant with the Air
Force and later worked at the Los
Alamos Scientific Laboratory. At
Cornell he helped design the synchro-



tron that was housed in the Newman
Laboratory of Nuclear Studies. He is
coauthor of a book, Electromagnetic
Fields and Waves, and of numerous
articles.

Corson's term as engineering dean
was marked by rapid change and ex-
pansion in educational and research
programs, and his tenure as president
spanned the years of campus unrest
during the war in Vietnam. Yet
throughout his career, he has also been
active at the national and state levels in
educational, scientific, and technolog-
ical affairs. For example, he has just
completed two years of service as
chairman of the Committee on Satellite
Power Systems, sponsored by the fed-
eral Department of Energy. He is cur-
rently a director of several corpora-
tions and a trustee of Deep Springs
College, California.

He did find time, however, to design
and supervise the construction of the
new sundial on the engineering campus
(see a feature article in the Spring 1981
issue of this magazine, and a number of
comments in the Letters section of this
issue).

Nemhauser

• George L. Nemhauser, professor
and director of the School of Opera-
tions Research and Industrial En-
gineering, assumed the presidency of
the Operations Research Society of
America this spring. He served on the
ORSA Council from 1971 to 1974 and
received the society's Lanchester
Prize in 1977. He has also been editor
of Operations Research and associate
editor of Mathematical Programming
and of Management Science.
Nemhauser has been director of the
School since 1977 and a member of the
Cornell faculty since 1969. He spe-
cializes in mathematical programming.

• Peter Gergely, professor in the
School of Civil and Environmental
Engineering, is the 1981 recipient of
the Delmar L. Bloem Distinguished
Service Award of the American Con-
crete Institute (ACI). The award was
given in recognition of Gergely's
chairmanship of the ACI Committee
on Bond and Development of Rein-
forcement from 1974 to 1980. During
this period, the committee published
an important report on suggested pro-

Gergely Kelley

visions for deformed bars in tension,
and sponsored several sessions at in-
stitute conventions. Gergely is cur-
rently serving as chairman or member
of two other ACI committees. He was
elected a fellow of the institute in 1974.

At Cornell Gergely has been a
member of the Department of Struc-
tural Engineering since 1963. He was
educated at the Technical University
of Budapest in Hungary, at McGill
University in Canada, and at the Uni-
versity of Illinois, which awarded him
the Ph.D. degree in 1963. His research
is in the field of prestressed and rein-
forced concrete.

• Michael C. Kelley, associate pro-
fessor of electrical engineering, was
chosen to receive this year's $1000
Award for Excellence in Engineering
Teaching. The award is jointly spon-
sored by an alumni organization, the
Cornell Society of Engineers, and a
student group, the Cornell chapter of
the honorary engineering society Tau
Beta Pi. The recipient is selected on
the basis of nominations by students at
the College of Engineering. 28
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Kelley teaches and carries out re-
search in his specialty field of rocket
and satellite instrumentation and space
plasma physics. For studies of the
winds, waves, and electric fields in the
upper atmosphere, he has designed
and supervised experiments in bal-
loons and satellites and on rockets
launched at sites around the world.
Currently he heads research projects
funded by the National Aeronautics
and Space Administration, the Office
of Naval Research, and the National
Science Foundation. He has published
widely and is an active participant in
national and international conferences
and research projects. He also serves
as a consultant to federal, university,
and industrial laboratories in the areas
of geophysics, space science, and
aerospace technology.

Kelley earned the Ph.D. degree in
physics at the University of California
at Berkeley in 1970 and worked there
for four years as a research physicist in
space physics. After a year at the Max
Planck Institute in Germany as an Al-
exander von Humboldt fellow, he

29 joined the Cornell faculty in 1975.

Trotter Bisogni

He received his undergradute edu-
cation at Kent State University, earn-
ing the B.S. degree in mathematics in
1964. His honors at Kent State in-
cluded the Borden Award for the out-
standing freshman man and the Man-
chester Award for the outstanding
senior man.

• Elected Professor of the Year at the
School of Civil and Environmental
Engineering this spring was Teoman
Pekoz, an associate professor in the
Department of Structural Engineering.
The annual selection is made by vote of
all the students in the School, and an
award is presented by the honorary
civil engineering society Chi Epsilon.
Pekoz, a specialist in the behavior of
metal structures and members, is a
Cornell Ph.D. and has been a member
of the faculty since 1970.

• Leslie F. Trotter, Jr. is in the news
at the School of Operations Research
and Industrial Engineering as both
teacher and administrator. He was re-
cently named associate director of the
School, and he tied for the 1981 Out-

standing Teacher Award. Selection for
the award is made by student vote
administered by the Cornell chapter of
the American Institute of Industrial
Engineers. Trotter, an associate pro-
fessor, is a specialist in mathematical
programming.

The co-winner of the teaching award
is Lionel I. Weiss, professor, who was
also selected last year. His specialty is
statistical decision theory.

• At the School of Civil and Environ-
mental Engineering, James J. Bisogni
has been appointed associate director
with primary responsibility for the un-
dergraduate program. A specialist in
sanitary engineering and applied
aquatic chemistry, he is a full professor
in the Department of Environmental
Engineering. He joined the faculty in
1972 after completion of his Cornell
Ph.D.

Bisogni replaces Professor George
Lyon, who resigned his administrative
post last January, after nearly a decade
of service, in order to return to full-
time teaching. The School director is
Professor Richard N. White.



PrucThomme Bo and Lake Schoales

• A new position at the College of
Engineering is that of Director of Pub-
lic Affairs, and the person who was
appointed to the post this spring is
Larry Prud'homme. He is a member of
the staff of the University's Division of
Public Affairs, which is headed by
Vice President Richard M. Ramin, but
works closely with the engineering col-
lege administration and has his office
in Carpenter Hall. The chief respon-
sibilities of the public affairs director
are to coordinate alumni activities and
programs and to organize and manage
a College of Engineering Alumni Fund.

Prud'homme has an undergraduate
degree in political science from the
University of California at Berkeley
and a doctorate in French history from
the University of California at Davis.
He has taught at Eastern Michigan
University and at St. Mary's Hall in
Texas.

His experience in development
work includes two years at Albion
College and a year, just prior to his
College of Engineering appointment,
with the Cornell Campaign, the major
fund-raising effort of the University.

• Three people who have been closely
associated with the College of En-
gineering for many years were among
four Presidential Councillors recently
elected by the University Board of
Trustees. The four are Catherine
(Phoebe) Bard Boand, Charles W.
Lake, Jr., Dudley N. Schoales, and
Milton S. Gould. Election to the Coun-
cillors, a group limited to twenty-five,
is a distinction conferred for life upon
people who "have given high service
to Cornell and have made an outstand-
ing contribution to the future of higher
education."

Mrs. Boand has maintained her in-
terest in and support of Cornell since
the death in 1970 of her first husband,
Francis N. Bard, a Mechanical En-
gineer of the Cornell class of 1904. In
recent years she has been active in
Cornell affairs in the Phoenix, Arizona
area. Bard gave funds for building
Bard Hall on the engineering campus
and for establishing the Francis N.
Bard Professorship of Metallurgy, and
he was a founding member of the Cor-
nell University Council and one of the
first Presidential Councillors.

Lake, who is chairman and presi-
dent of the R. R. Donnelley and Sons
Company, commercial printers in
Chicago, graduated from Cornell in
1941 with the degree of Bachelor of
Science in Administrative Engineering
(Mechanical). He served on the board
for eight years before being elected a
trustee emeritus in 1978. He also
served for many years as a member
and chairman of the Engineering Col-
lege Council and is now an emeritus
member; he received the Engineering
Award in 1975. He has been chairman
of the Cornell board's audit commit-
tee, area chairman in Chicago of the
Cornell Fund, and chairman of the
Physical Education and Athletics
Council.

Schoales, a 1929 graduate in me-
chanical engineering, is a former man-
aging partner and current advisory
director of the investment firm of Mor-
gan Stanley and Company. He served
on the University board from 1966 to
1971, when he was awarded the Cor-
nell Medal, and he is an emeritus
member of the Cornell University
Council. He has been a member of the 30



These two issues <>/ENGINEERING were
among those that won a place for the
magazine in the Top Ten in the nation in
this year's CASE competition. They are
companion issues, on sound and noise; the
other two published during the year were
titled "Pioneering in Concrete" (a retro-
spective produced in connection with the S.
C. Hollister Colloquium) and "The
Molecular Level in Chemical Engineering
Research."

Engineering College Council since
1968. A career investment banker and
specialist in offshore oil and gas explo-
ration, he has twice been decorated by
Queen Elizabeth II for his service to
Australian finance and business.

The fourth Councillor, Gould, holds
baccalaureate and law degrees from
Cornell and has been active in Law
School as well as University affairs.
He is a member of the New York City
law firm of Shea and Gould.

• The first recipient of the H. David
Block Fellowship is Duane Storti, a
second-year graduate student in the
Field of Theoretical and Applied Me-
chanics. Storti graduated from the Col-
lege of Engineering here in 1979 with a
major in applied and engineering
physics, and this fall expects to receive
the Master of Science degree, based on
research into coupled nonlinear oscil-
lators. His doctoral research will con-
cern the transition to chaos in dynami-
cal systems.

The fellowship is derived from gifts
donated by family, friends, and col-

31 leagues of H. David Block, who was a

member of the Cornell faculty from
1955 until his death in 1978. At the
College, he was professor of theoreti-
cal and applied mechanics. An applied
mathematician, his research was in
bionics and nonlinear mechanics.

• Cornell structural engineering stu-
dents, consistent winners in the na-
tional Engineering Student Design
Competition sponsored by the Lincoln
Arc Welding Foundation, took first
place again this year. Members of the
winning design team were Timothy P.
Swenk, Craig S. Moller, and Jan Tes-
tarmata, all 1980 graduates and stu-
dents in Teoman Pekoz' advanced
structural engineering class.

• Engineering: Cornell Quarterly has
been selected as one of the Top Ten
university magazines in the nation by
the Council for Advancement and
Support of Education (CASE). The
honor is one the magazine has received
three times in the past. In the annual
competition, the Quarterly also re-
ceived the highest rating, Exceptional
Achievement. The criteria cover all

aspects of magazine publishing, in-
cluding content, writing and editing,
graphics and photography, layout, and
quality of production.

The award was among a number
received by the University in various
categories of the CASE competi-
tion—a showing that won for Cornell
the Grand Award for General Excel-
lence in Programs. Cornell had the
unusual distinction this year of win-
ning two grand awards (the other was
for Total Financial Support Programs)
and two places among the Top Ten
magazines (the other winner was
Executive, which is published by the
Graduate School of Business and Pub-
lic Administration).

Engineering is now in its fifteenth
year of publication and has an average
circulation of about eight thousand.
Among other honors it has received in
the past several years is a Special
Citation from the American Alumni
Council for k'writing and editing on
difficult scientific subjects" and an
Exceptional Achievement Award,
sponsored by Newsweek and CASE,
for coverage of public affairs.



Friend Summers

Memorials to two Cornell engineering
alumni—one a long-time supporter of the
University and one a recent graduate—
have been established in the form of a
professorship and a scholarship at the
College.

• The James A. Friend Family Distin-
guished Professorship in Engineering,
commemorates James A. Friend '16,
who was chairman of the Nordberg
Manufacturing Company of Mil-
waukee, manufacturers of industrial
equipment and systems (now part of
Rexnord, Inc.). Family members in-
strumental in establishing the chair are
James' widow, Emme, and their son
Peter.

The Friend family has had a long
relationship with Cornell; the family's
most recent Cornell graduate is Laura

Friend, a granddaughter of James and
daughter of Peter, who received her
bachelor's degree in chemical en-
gineering last year. James, who died in
1976, and his brother Robert '08 made
numerous gifts to the College and the
University through the Nordberg
Foundation. These included funds for
laboratory facilities and for publishing
the Cornell Alumni Directory. James is
remembered also for the alumni social
hours he held annually for more than
thirty years at his home—a custom
Mrs. Friend is continuing.

• An endowment commemorating a
young Cornell electrical engineering
graduate who was killed recently in an
automobile accident will provide tuto-
rial help for students now enrolled in
the School of Electrical Engineering.
The Philip N. Summers Memorial En-
dowment was established by Philip's
parents, Mr. and Mrs. Willard P.
Summers, with matching funds from
the International Business Machines
Corporation (I.B.M.). At the time of
his death, Philip was employed at
I.B.M. as an associate programmer.

Philip received the B.S. degree in
1976 and then attended Boston Uni-
versity, which awarded him the Master
of Business Administration degree in
1978. The accident occurred in
November, 1979, as he was traveling
to Cornell for homecoming weekend.

Left: The Friend professorship was an-
nounced at a luncheon on campus in May
1980. Among those present were (left to
right) Thomas E. Everhart, dean of the
College of Engineering; Emme Friend
(Mrs. James A. Friend); and Frank H. T.
Rhodes, president of Cornell University. 32
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Sidelights of 1980-81
• The 1981 crop of Cornell civil en-
gineers is leaving a handsome and
functional physical reminder of their
presence on the Ithaca scene. This
spring, as a community-service proj-
ect, members of the Cornell student
chapter of the American Society of
Civil Engineers designed and built a
large timber pavilion at Treman State
Park for the local YMCA. Materials,
costing about $8,000, were purchased
by the YMCA.

The 2,100-square-foot open struc-
ture has a concrete base and a peaked,
shingled roof. Construction was begun
in Hollister Hall during the cold
weather and completed at the site. In
all, some forty volunteers worked on
the building.

The pavilion will be used for the
YMCA's summer day camp, which
has been held at Treman for forty-two
years. The new structure will provide
the camp's first permanent shelter for
rainy-day activities.

The student crew was headed by
Susan Wyler '82 and Alan Wooden '81.
The idea was suggested by ASCE fac-
ulty adviser Thomas CTRourke.

In preliminary construction in Hollister
Hall, roof trusses for the YMCA pavilion
were assembled from precut wood. A
Friday-night truss-building party included
beer and pizza for the carpenters. Later, at
the site, students, faculty members, and
assorted friends completed const nation.



• The College of Engineering is ex-
ceptionally well represented each year
among incoming students selected as
Cornell National Scholars: last spring,
for example, twenty-three of fifty-five
high-school seniors chosen to receive
this honor planned to study engineer-
ing. The award recognizes t4 outstand-
ing academic promise and strong po-
tential for contributing significantly to
extracurricular life at Cornell." It pro-
vides scholarship aid based partly on
need, but carrying at least a one-
hundred-dollar honorary stipend.

A group of engineering majors who are among the Cornell National Scholars for 1980-81
is pictured around the new sundial on the engineering quadrangle. The students, listed
with their home towns, are: (standing, from left to right) Kathryn E. Springen, Newtown
Square, Pa.; Paul A. Rivera, San Antonio, Tex.; Karyssa M. Britton, Los Altos Hills,
Calif; Michael C. Hoffman, Barker, N. Y.; Timothy P. McKinney, Clarence, N. Y.; Susan
C. Reusswig, Glastonbury, Conn.; Damon T. Igl, Seattle, Wash.; and Jeremy N.
Howard, Res ton, Va.; and (sitting at the base of the sundial) Evelyn A. Taylor, Detroit,
Mich.; and David G. Decker, Albany, N. Y.

Pictured after the unveiling of a portrait of
the late Arthur C. Stallman are Joseph M.
Ballantyne, director of the School of Elec-
trical Engineering, and Miriam Stallman.

• A new endowment in support of
research in electrical engineering was
announced at a recent program honor-
ing the late Arthur C. Stallman '32. The
occasion was the unveiling of a portrait
of Stallman that will hang in the lounge
of Phillips Hall, home of the School of
Electrical Engineering.

Income from the Stallman Research
Fund will be used to purchase equip-
ment and provide general support for
Cornell research programs in the gen-
eral areas of electrical and communica-
tions engineering. The fund represents
the estate of Stallman and his widow,
Miriam. It is estimated that the en-
dowment, when fully established, will
be valued at about one million dollars.

Stallman, who died in 1969, studied
at Cornell for the degree of Electrical
Engineer, and throughout his career
served the University professionally
and as an alumnus. He established his
audio and electronics business, 34
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Stallman of Ithaca, while he was still
an undergraduate. For many years,
this company provided and operated
the large sound systems at Schoellkopf
Field and Barton Hall, the Univer-
sity's field house. During World War
II, Stallman served as an electrical
engineering instructor in the Navy V12
program at Cornell. He was an alder-
man in Ithaca's Common Council for
many years. The rose garden in the
city's Stewart Park is a memorial to his
service to the community.

• Last year it was rained out, but the
Society of Women Engineers' annual
party on the quad was held on a beauti-
ful day this spring. A borrowed tent
arose in the center of the quad, live
music blared from the amplifiers, fly-
ing saucers filled the air, groups of
students enjoying refreshments and
sunshine dotted the grass. It was a
good way to wind up the academic
year.

• Workshops, speakers, and a "mini
job fair" were featured at the seventh
annual conference sponsored by the
Cornell chapter of the Society of Black
Engineers and attended by Cornell and
local high-school students. The
weekend conference, March 6-8,
opened with a Friday-evening recep-
tion that included a celebration of the
selection of the Cornell group as the
leading chapter in the national organi-
zation during 1980. Workshops the fol-
lowing day were on "Choosing
Engineering as a Career," "Career
Opportunities in Energy," "Energy
Sources—Present and Future," and
"The Minority Engineer's Experi-
ence." Speakers at the general ses-

Above: The year-end SWE party on the
engineering quadrangle attracted hun-
dreds of students, professors, and staff
members.

Right: About twenty-five representatives of
firms interested in recruiting engineers
staffed the ' mini job fair" at the Society of
Black Engineers conference at Cornell.

sions on Saturday and Sunday in-
cluded Cornell professors and ad-
ministrators and minority engineers in
industry. The agenda also included a
Saturday-night dance.



De Stefano Staun Florey

• Combining the rigors of athletics
with the successful completion of a
demanding academic program is an
annual feat for a number of Cornell
engineers. The 1980 football team pro-
vides an example: three engineering
seniors received Cornell and Ivy
League football honors.

Linebacker Jim de Stefano, a major
in mechanical and aerospace engineer-
ing, was given the Pop Warner Most
Valuable Player Award at the annual
Cornell football dinner. He was one of
three Cornell players who were named
to the 1980 All-Ivy League first team
and received honorable mention in the
Associated Press All-America selec-
tion. De Stefano led the Big Red in
tackles, with sixty-four solos and
fifty-three assists.

Mike Staun, also a linebacker and
mechanical and aerospace engineering
major, won the Victor Grohmann
Scholar-Athlete Award for academic
and football proficiency in the spring of
his junior year. He has been awarded a
Lester B. Knight, Jr. Scholarship for
Cornell's program leading to the de-
grees of Master of Engineering and

Master of Business Administration,
and will begin his graduate studies this
fall.

Also named to the All-Ivy first team
and given an All-America honorable
mention was safety Todd Florey, who
majored in operations research and
industrial engineering. He was second
on the team in interceptions.

• Another outstanding engineering
athlete was senior Bob Jones of the
School of Operations Research and
Industrial Engineering and the Cornell

track team. Jones holds the Cornell
record for the indoor high jump, at 7-0,
and is tied for the outdoor record at
6-10. During his track career, he
scored more points for the Big Red
than any other 1981 team member. In
the 1981 season, he was handicapped
by a sore heel, but nevertheless won
the high jump (and a watch) at the
WRAL-Duke Invitational in April;
placed fifth in high jump at the indoor
Heptagonals held at Harvard; and tied
for sixth in high jump at the outdoor
Heptagonals held at Princeton.

Jones

*
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Right: Cornell oarsmen strain toward the
finish line during the Intercollegiate Row-
ing Association regatta on Onondaga Lake
outlet. This race was in the varsity fours
with coxswain category. In the regatta,
Cornell won trophies in the varsity eights
race and for the most points scored in the
meet.

• With three engineers in its varsity-
eight boat, Cornell won the major
trophies at the Intercollegiate Rowing
Association regatta on Onondaga Lake
June 4-8, and qualified for the Royal
Henley Regatta in England in early
July. (The outcome at Henley was not
known at press time for the Quarterly.)
The Cornell heavyweight eight won
the Challenge Cup and the team as a
whole took the Jim Ten Eyck Trophy
for most points scored in the twenty-
nine-team meet.

The three engineers, all juniors, are
Dave Clark, Marshall Burchard, and
Michael Bach. (Clark is majoring in
electrical engineering and Burchard
and Bach are both in mechanical and
aerospace engineering.) Rowing in the
freshman boat was another engineer,
T. Patrick Burke.

The varsity cup went to Cornell for
the twenty-first time in the eighty-
two-year history of the race, putting
Cornell in the lead for number of vic-
tories. The team, coached by Findley
Meislahn, also took first place in the
varsity four without coxswain and
second in the junior varsity eight.



FACULTY
PUBLICATIONS

The following publications and conference pa-
pers by faculty and staff members and graduate
students at the Cornell University College of
Engineering were published or presented during
the period December 1980 through February
1981. Earlier entries omitted from previous list-
ings are included here with the date in par-
entheses. The names of Cornell personnel are in
italics.

• AGRICULTURAL
ENGINEERING

Chandra, P.; Albright, L. D.; and Scott, N. R.
1981. A time dependent analysis of greenhouse
thermal environment. Transactions of the ASAE
24(2):442-49.

Drost, C. J.; Thomas, G. G.; Hillman, P. E.; and
Scott, N. R. 1981. Ultrasonic transit-time
measurement of blood flow in the chicken leg. In
9th annual Northeast bioengineering confer-
ence, ed. W. Welkowitz, pp. 387-90. Elmsford,
N.Y.: Pergamon.

Haith, D. A., andLoehr, R. C. 1981. The role of
soil and water conservation practices in water
quality control. In Environmental management
of agricultural watersheds, ed. G. Golubev.
Oxford: Pergamon.

Haith, D. A., andTubbs, L. J. 1981. Watershed
loading functions for nonpoint sources. ASCE
Journal of the Environmental Engineering Divi-
sion 1O6(EE1): 121-37.

Rowe-Murphy, D.; van Tienhoven, A.; Scott, N.
R.; Hillman, P. E.; Wood, L. L.; and Schwark,
W. S. 1980. Effects of 6-hydroxydopamine and
pimozide on thermoregulation of the chicken.
American Journal of Physiology 239:R296-302.

Sagi, R.; Scott, N. R.; and Merrill, W. G. 1980.
Milk flow patterns and machine milking. Trans-
actions of the ASAE 23(5): 1283-86.

Sagi, R.; Scott, N. R.; andNatzke, R. P. (1980).
Vacuum Pump Capacity Pipeline Size and Mod-
ified Cluster Design: Influence on Vacuum Sta-
bility and Cross Contamination. Paper read at
1 lth International Congress on Diseases of Cat-
tle, October 1980, in Israel.

Scott, N. R. 1980. Statistics on Faculty and
Students in Departments of Agricultural En-
gineering in the United States and Canada. Paper
read at winter meeting of American Society of
Agricultural Engineers, December 1980, in
Chicago, 111.

Scott, N. R.; Delwiche, M. J.; Sagi, R.; Bal-
thazar, J. A.; Gates, R. S.; Magee, C ; Doane,
M.; Natzke, R. P.; Gorewit, R. C; Merrill, W.
G.; andGuest, R. W. (1980). Computer Assisted
Management and Recent Advances in Machine
Milking Research. Paper read at National Milk-
ing Center Design Conference, 18-20 November
1980, in Rochester, N.Y.

Sobel, A. T.; Scott, N. R.; and Hoffman, G. W.
1980. Automatic Milk Yield Data Acquisition.
Paper read at winter meeting of American Soci-
ety of Agricultural Engineers, December 1980,
in Chicago, 111.

• APPLIED AND
ENGINEERING PHYSICS

Chan, W. K., and Webb, W. W. 1981. A possible
martensitic transformation in hydrated phos-
pholipid liquid crystals. Physical Review Letters
46(0:39-42.

Cool, T. A., and Koffend, J. B. 1981. Two-

photon excitation of indium atoms by photodis-
sociation of InCl and InBr. Journal of Chemical
Physics 74:2287-92.

Ehrenberg, B., Lemley, A. T.; Lewis, A.; Von
Zastrow, M.; and Crespi, H. L. (1980). Reso-
nance Raman spectroscopy of chemically mod-
ified and isotopically labelled purple mem-
branes. I. Biochimica et Biophysica Act a
593:441-53.

Ehrenberg, B.; Lewis, A.; and Crespi, H. L.
(1980). Resonance Raman spectroscopy of
chemically modified and isotopically labelled
purple membranes. II. Biochimica et Biophysica
Ada 593:454-62.

Ehrenberg, B.; Lemley, A. T.; Lewis, A.; Von
Zastrow, M.; and Crespi, H. L. (1980). Reso-
tics of the Schiff base proton in bacteriorhodop-
sin. Proceedings of the National Academy of
Sciences U.S.A. 77(11):6571-73.
Nothnagel, E. A.; Barak, L. S.; Sanger, J. W.;
and Webb, W. W. 1981. Fluorescent studies on
modes of cytochalasin B and phallotoxin action
on cytoplasmic streaming in Chara. Journal of
Cell Biology 88:364-72.
Porta, T. K.;Aldern, J.; Gogel, G.; Lewis, A.;
and Crespi, H. L. 1981. Kinetic resonance
Raman spectra of 11-D-, 15-D-, and 11-15-diD-
purple membrane and 15N purple membrane.
Biophysical Journal (abstract) 33:216.

• CHEMICAL ENGINEERING
Calado, J. C. G. 1981. Molecular ther-
modynamics: A compromise that works. En-
gineering: Cornell Quarterly 15(3): 2-8.
Cocchetto, J. F., and Satterfield, C. N. 1981.
Chemical equilibria among quinoline and its 38



reaction products in hydrodenitrogenation. In-
dustrial and Engineering Chemistry Process De-
sign and Development 20(l):49-53.

Cohen, C. 1981. Developing better polymers: A
job for molecular engineers. Engineering: Cor-
nell Quarterly 15(3):27-33.
Gubbins, K. E. 1981a. Molecular Orientation
Effects Near Surfaces. Paper read at X Reunion
de Fisica Estadistica, 7-9 January 1981, in
Cocoyoc, Mexico.

. 19816. Predicting liquid properties: A
three-front assault on a fundamental and practi-
cal problem. Engineering: Cornell Quarterly

. 1981c. Thermodynamics of Liquid Mix-
tures: Theory, Simulation and Experiment.
Paper read at Chemical Engineering Sym-
posium, 27 February 1981, in Gainesville, Fla.

Leal, L. G.; Fuller, G. G.; and Olbricht, W. L.
1981. Studies of the flow-induced stretching of a
macromolecule in a dilute solution. In Viscous

flow drag reduction, ed. G. R. Hough, pp.
351-72. (Vol. 72 of Progress in astronautics and
aeronautics.) New York: American Institute of
Aeronautics and Astronautics.

Lobo, L. Q.; McClure, D. W.; Staveley, L. A.
K.; Clancy, P.; Gubbins, K. E.; and Gray, C. G.
1981. Thermodynamics of liquid mixtures of
xenon and carbon tetrafluoride. Journal of the
Chemical Society, Faraday Transactions II
77:425^0.
Machado, J.R.S.; Gubbins, K. E.; Lobo, L. Q.;
and Staveley, L. A. K. 1980. Thermodynamics
of liquid mixtures of nitrous oxide and xenon.
Journal of the Chemical Society, Faraday
Transactions 176:2496-2506.

Pohl, K., and Rodriguez, F. 1981. Adiabatic
polymerization of acrylamide using a
persulfate-bisulfite redox couple. Journal of
Applied Polymer Science 26:611—18.

Rodriguez, F. 1980. An engineering view of wind
chill. Heat Transfer Engineering 2:23-27.
Satterfield, C. N., and Cocchetto, J. F. 1981.
Reaction network and kinetics of the vapor-
phase catalytic hydrodenitrogenation of
quinoline. Industrial and Engineering Chemistry
Process Design and Development 20(1): 53-62.

Streett, W. B. 1981. Fluids and their phases:
Experimental studies at high pressures. En-
gineering: Cornell Quarterly 15(3): 18-26.
Umoh,N. F.; Hughes, R.; and Harriott, P. 1981.
Temperature dynamics and start-up of a
continuous-flow stirred-tank polymerisation
reactor. Chemical Engineering Journal 21:85-
99.

Webster, I. A., and Shuler, M. L. 1981. Whole
cell hollow fiber reactor: Transient substrate
concentration profiles. Biotechnology and

3 9 Bioengineering 23:447-50.

• CIVIL AND ENVIRONMENTAL
ENGINEERING

Abel, J. F., and Gergely, P. (1980). Design
practice in the 1920s. In Solomon Cady Hollister
Colloquium: Perspectives on the history of rein-
forced concrete in the United States 1904-1941,
ed. J. F. Abel and D. P. Billington, pp. 89-118.
Princeton, N.J.: Department of Civil Engineer-
ing, Princeton University.

Abel, J. F., and Gould, P. L. 1981. Buckling of
concrete cooling-tower shells. In Concrete shell
buckling, pp. 135-60. Publication SP-67. De-
troit, Mich.: American Concrete Institute.
Chang, S. C, and Abel, J. F. (1980). An Inte-
grated Geometrically Nonlinear Shell Analysis
System with Interactive Computer Graphics.
Paper read at Symposium on Computational
Methods in Nonlinear Structural and Solid Me-
chanics, 6-8 October 1980, in Washington, D.C.
Chang, S. C; Abel, J. F.; Greenberg, D. P.;
Ingraffea, A. R.: Kulhawy, F. H.; andMcGuire,
W. 1981. An integrated finite element nonlinear
shell analysis system with interactive computer
graphics. Report 81-4, Program of Computer
Graphics and Department of Structural En-
gineering. Ithaca, N.Y.: Cornell University.

Dick, R.I., and Ball, R. O. 1980. Sludge dewater-
ing. Critical Reviews in Environmental Control
10:269^337.

Dick, R. I.; Yao, K. M.; and Nakamura, M.
1980. National symposium on industrial waste-
water control. World Health Organization report
ICP/EHP/003.

Duggin, M. J., and Philipson, W. R. 1980. Field
measurement of spectral reflectance. In Pro-
ceedings of 47th annual meeting of American
Society of Photogrammetry, pp. 342-50. Falls
Church, Va.: American Society of Photogram-
metry.

Gattass, M.; Orbison, J. G.; Pesquera, C. I.;
Schulman, M.A.; McGuire, W.; and Abel, J. F.
1980. Interactive graphics dynamic analysis of
frames. In Dynamic response of structures: Ex-
perimentation, observation, prediction and con-
trol, pp. 502-16. Atlanta, Ga.: American Society
of Civil Engineers.

Haber, R. B.; Abel, J. F., and Greenberg, D. P.
1980. Computer-aided design of cable-
reinforced membrane structures. Report, Pro-
gram of Computer Graphics and Department of
Structural Engineering. Ithaca, N.Y.: Cornell
University.

Jirka, G. H. 1980a. Fluid mechanical aspects of
ocean thermal energy conversion. In Energy
conversion and fluid mechanics, ed. J. D.
Buckmaster. Philadelphia: Society of Industrial
and Applied Mathematics.

. 19806. Two-dimensional density current
from continuous source in stratified crossflow.

In Proceedings of 2nd international symposium
on stratified flows, vol. 2, ed. T. Carstens and T.
McClimans, pp. 858-68. Trondheim, Norway:
Tapir.
Jirka, G. H.; Jones, J. M.; and Sargent, R. E.
(1980). Theoretical and experimental study of
the intermediate field dynamics of ocean ther-
mal energy conversion plants. Technical report,
School of Civil and Environmental Engineering.
Ithaca, N.Y.: Cornell University.
Jirka, G. H., and Watanabe, M. (1980a).
Steady-state estimation of cooling pond per-
formance. ASCE Journal of the Hydraulics Divi-
sion 106(HY6): 1116-23.

. (1980fr). Thermal structure of cooling
ponds. ASCE Journal of the Hydraulics Division
106(HY5)701-15.

Lee, J. H., and Jirka, G. H. (1980). Multiport
diffuser as line source of momentum in shallow
water. Water Resources Research 16(4):695-
708.

Liang, T.; Philipson, W. R.; and Stanturf, J. A.
1980. 17th semi-annual status report of Cornell
University remote sensing program. National
Aeronautics and Space Administration report.

Loucks, D. P.; Stedinger, J. R.; mdHaith, D. A.
1981. Water resource systems planning and
analysis. Englewood Cliffs, N.J.: Prentice-Hall.

Salmon, J. R.; Liu, P. L.-F.; and Liggett, J. A.
1980. An integral equation method for linear
water waves. ASCE Journal of the Hydraulics
Division 104(HY 12): 1995-2010.

Saunders, F. M., and Dick, R. I. 1981. Effect of
mean cell residence time on organic composition
of activated sludge effluents. Journal of the
Water Pollution Control Federation 53:201-15.
Shephard, M. S.; Gallagher, R. H.; and Abel, J.
F. (1980). The synthesis of near-optimum finite



element grids with interactive computer
graphics. International Journal for Numerical
Methods in Engineering 15:1021-39.

Stedinger, J. R. 1981. Estimating correlations in
multivariate streamflow models. Water Re-
sources Research 17(l):200-8.

Wu, S. C ; Abel, J. F.; Gallagher, R. H.;
Greenberg, D. P.; and McGuire, W. 1980. An
integrated system for finite element shell
analysis—surface representation and curved
shell element. Report 80-7, Program of Com-
puter Graphics and Department of Structural
Engineering. Ithaca, N.Y.: Cornell University.

• COMPUTER SCIENCE
Aspyall, B., and Shiloach, Y. 1980. A fast al-
gorithm for solving systems of linear equations
with two variables per equation. Linear Algebra
and Its Applications 34:117-24.

Conway, R.; Gries, D.; and Zimmerman, C.
1981. Primer on PASCAL. Cambridge, Mass.:
Winthrop.

Demers, A.; Reps, T.; and Teitelbaum, T. 1981.
Incremental evaluation for attribute grammars
with application to syntax-directed editors. In
8th annual ACM symposium on principles of
programming languages, pp. 105-16. Wil-
liamsburg, Va.: Association for Computing
Machinery.
Denning, D. E., and Schneider, F. B. 1981.
Master keys for group sharing. Information Pro-
cessing Letters 12(1): 23-25.

Hageman, L. A.; Luk, F. T.; and Young, D. M.
1980. On the equivalence of certain iterative
acceleration methods. SI AMJournal on Numer-
ical Analysis 17:852-73.

Luk, F. T. 1980. Computing the singular value
decomposition on the ILLIAC IV. ACM Trans-
actions on Mathematical Software 6:524-39.

Luk, F. T., and Pagano, M. 1980. Quadratic
programming with M-matrices. Linear Algebra
and Its Applications 33:15-40.
Schneider, F. B. 1980. Broadcasts: A paradigm
for distributed programs. In Proceedings of
workshop in fundamental issues in distributed
computing, pp. 190-95. PalaMesa, Calif.: Asso-
ciation for Computing Machinery.

• ELECTRICAL ENGINEERING
Barnard, J.; Ohno, H.; Wood, C. E. C; and
Eastman, L. F. 1981. Integrated double hetero-
structure Ga047In 0.53AS photoreceiver with au-
tomatic gain control. Electron Device Letters
2(0:7.

Capranica, R. R., and Megela, A. L. 1981.
Response Patterns to Tone Bursts in the
Peripheral Auditory System of Anurans. Paper
read at meeting of Association for Research in
Otolaryngology, 18-21 January 1981, in St.
Petersburg Beach, Fla.
Dulcic, A.; Flytzanis, C ; Tang, C. L.; Pepin,
D.; Fetizou, M.; and Hoppilliard, L. 1981.
Length dependence of the second order optical
nonlinearity in conjugated hydrocarbons. Jour-
nal of Chemical Physics 74:1559.

Ehret, G., and Capranica, R. R. 1980. Masking
patterns and filter characteristics of auditory
nerve fibers in the green treefrog {Hyla cinerea).
Journal of Comparative Physiology 141:1-12.

Fejer, B. G.; Farley, D. T.; and Gonzales, C. A.
1981. F-region east-west drifts at Jicamarca.
Journal of Geophysical Research 86:215-18.

Flytzanis, C ; Agrawal, G. P.; and Tang, C. L.
1981. Critical behavior in optical phase conjuga-
tion. In Proceedings of Sergio Porto memorial
conference, ed. A. Mooradian. Berlin:
Springer-Verlag.

Frey, J. and Krusius, P. 1980. Polarizable
Charge Layer at the SOS Interface? Paper read
at 1980 Semiconductor Interface Specialists
Conference, 4-5 December 1980, in Ft. Lauder-
dale,Fla.

Halbout, J. M.; Sarhangi, A.; and Tang, C. L.
(1980). Nonlinear optical properties of N,N1

dimethylurea. Applied Physics Letters
37(10):864-66.

Judaprawira, S.; Wang, W. I.; Chao, P. C;
Wood, C. E. C; Woodard, D. W.; and Eastman,
L. F. 1981. Modulation-doped MBE GaAs/n-
A^Ga! xAs MESFETs: Electron Device Letters
1(2): 14.

Shin, K. G., and Kim, M. 1980. Recursive least
squares estimation of cell kinetic parameters
using sequential measurements of cell DNA
contents. IEEE Transactions on Systems, Man,
and Cybernetics SMC-10:861-73.
Shur, M. S. and Eastman, L. F. 1981. Near
ballistic electron transport in GaAs devices at
77°K. Solid State Electronics 24:11.

Walrand, J. 1981. Filtering Theory and Net-
works of Queues. Paper read at Applied Proba-
bility Conference, 8-9 January 1981, at North
Carolina State University, Raleigh, N.C.
Walrand, J., and Varaiya, P. 1980. Sojourn
times and the overtaking condition in Jacksonian
networks. Advances in Applied Probability
12:1000-18.

Wang, W. L; Wood, C. E. C; and Eastman, L.
F. 1981. Extremely high electron mobilities in
modulation-doped GaAs-AlxGa^As hetero-
junction superlattices. Electronics Letters
17(0:36-37.

• GEOLOGICAL SCIENCES
Angevine, C. L., and Turcotte, D. L. 1981.
Thermal subsidence and compaction insedimen-
tary basins: Application to Baltimore Canyon
trough. American Association of Petroleum
Geologists Bulletin 65:219-25.

Brody, E. M.; Shimizu, H.; Mao, H. K.; Bell, P.
M.; and Bassett, W. A. 1980. Acoustic velocity
and refractive index of fluid hydrogen and
deuterium at high pressures. In Annual report of
the director, Geophysical Laboratory, Carnegie
Institute, yearbook 79, pp. 355-58.

Brown, L.D., andReilinger, R. E. 1980. Relevel-
ing data in North America: Implications for
vertical motions of plate interiors. In Dynamics 4 0



of plate interiors, Geodynamics series, vol. 1,
ed. A. W. Bally et al., pp. 131-44. Washington,
D. C : American Geophysical Union, and Boul-
der, Colo.: Geological Society of America.
Nelson, K. D. 1981a. Melange development in
the Boones Point Complex, north-central New-
foundland. Canadian Journal of Earth Sciences
18:433-42.

. 198 \b. A simple thermal-mechanical
model for mid-ocean ridge topographic varia-
tion. Geophysical Journal of the Royal As-
tronomical Society 65:19—30.

Reilinger, R.; Brown, L.; and Oliver, J. 1981.
Contemporary Vertical Deformation of Conti-
nental Areas. Paper read at 3rd Annual Review
of NASA Geodynamics Program, 26-29 January
1981, at Goddard Space Flight Center,
Greenbelt,Md.

Snedden, W. T., and Kay, S. M. 1981. Mineral
chemistry of kimberlite and included xeno-
crysts, Ithaca, N.Y. (abstract). Geological Soci-
ety of America (Northeast section) Abstracts
with Programs 13:178.

Turcotte, D. L. 19803. Models for the evolution
of sedimentary basins. In Dynamics of plate
interiors, Geodynamics series, vol. 1, ed. A. W.
Bally et al., pp. 21-26. Washington, D. C :
American Geophysical Union, and Boulder,
Colo.: Geological Society of America.

. 19806. Some major questions concern-
ing mantle convection. In Mechanisms of conti-
nental drift and plate tectonics, ed. P. A. Davies
and S. K. Runcorn, pp. 173-82. London:
Academic.

• MATERIALS SCIENCE
AND ENGINEERING

Ast, D. G. (1980). Structure and Properties of
Defects in Solar Silicon. Invited paper read at
SERI Workshop on Solar Silicon, 16 November
1980, in Colorado Springs, Colo.

Blakely, J. M. 1981. Surface Thermodynamics
for Solid Solutions. Paper read at AIME Sym-
posium on Thermodynamics and Kinetics of
Surfaces, 22-26 February 1981, in Chicago, 111.
Carter, C. B. 1980. Multiple ribbons in face-
centred cubic materials. II. Formation of double
and multiple ribbons. Physica Status Solidi
A62:139^47.

. 1981. Multiple ribbons in face-centred
cubic materials. III. Jogs on double ribbons.
Physica Status Solidi A63.335-45.

Carter, C. B.; Foil, H.; Ast, D. G.; and Sass, S.
L. 1981. Electron diffraction and microscopy
studies of the structure of grain boundaries in

41 silicon. Philosophical Magazine A 43:441-67.

Cheung, N. W., and Mayer, J. W. 1981. Lattice
location experiment of the Ni-Si interface by
thin-crystal channeling of helium ions. Physical
Review Letters 46:671.
Cheung, N. W.; Culbertson, R. J.; Feldman, L.
C ; Silverman, P. J.; West, K. W.; and Mayer, J.
W. (1980). Ni on Si(l l l ): Reactivity and inter-
face structure. Physical Review Letters 45:120.

Colgan, E. C ; Tsaur, B. Y.; and Mayer, J. W.
1980. Phase formation in Cr-Si thin-film interac-
tions. Applied Physics Letters 37:938.

Cunningham, B.; Strunk, H.; and Ast, D. G.
(1980a). Characterization of Defects in Silicon
Ribbon by Combined EBIC and HVTEM. Paper
read at Materials Research Society Conference,
November 1980, in Boston, Mass.

. (19806). Defect Structure of Web Silicon
Ribbon. Paper read at meeting of Electrochemi-
cal Society, October 1980, in Ft. Lauderdale,
Fla.
Golopentia, D. A., and Ruoff A. L. 1981. Ap-
paratus for high pressure and low temperature
experiments. Review of Scientific Instruments
52:235-38.

Grunthaner, P. J., and Mayer, J. W. (1980). XPS
study of the chemical structure of the nickel/
silicon interface. Journal of Vacuum Science
and Technology 17:924.
Hart, E. W. 1980. Effects of Rotations in Biaxial
Testing. Paper read at 17th Annual Meeting,
Society of Engineering Science, 15-17 De-
cember 1980, in Atlanta, Ga.

Hart, E. W., and Thomas, J. F., Jr. 1981. Mate-
rial constitutive relations in the modeling of
mechanical processes. In Process modeling—
fundamentals and applications to metals, ed. T.
Altan et al., pp. 355-63. Metals Park, Ohio:
American Society for Metals.

Hung, L. S.; Lau, S. S.; von Allmen, M.;Mayer,
J. W.; Ullrich, B. M.; Baker, J. E.; Williams, P.;
and Tseng, W. F. 1980. Epitaxial growth of Si
deposited on (100)Si. Applied Physics Letters
37:909.

Kim, K. Y., and Ruoff, A. L. 1981. Isothermal
equations of state of potassium. Journal of
Applied Physics 52:245-49.
Pretorius, R.; Strydom, W.; Mayer, J. W.; and
Comrie, C. (1980). 31Si tracer studies of the
oxidation of Si, CoSi2 and PtSi. Physical Review
B 22:1885.

Ruoff, A. L. 1980. Estimation of uncertainty in
isotherms deduced from hugoniots resulting
from Shockwave generated defects. Journal of
Applied Physics 51:6221-23.

Sullivan, T., and Ast, D. G. (1980). Hydrogen
Passivation of Defects in Silicon. Paper read at
Materials Research Society Conference,
November 1980, in Boston, Mass.

Strunk, H.; Cunningham, B.; and Ast, D. G.
1981. Defect structure of EFG silicon ribbon.
DOE/JPL report 954852 no. 6.

Tsaur, B. Y., and Mayer, J. W. (1980). Super-
saturated metastable Ag-Ni solid solutions
formed by ion beam mixing. Applied Physics
Letters 37:389.

. 1981. Metastable Au-Si alloy formation
induced by ion-beam interface mixing.
Philosophical Magazine A 43:345.

Tsaur, B. Y.; Mayer, J. W.; and Tu, K. N.
(1980). Ion-beam induced metastable PtaSi3
phase. I. Formation, structure and properties.
Journal of Applied Physics 51:5326.

Ungar, G.; Grubb, D. T.; and Keller, A. (1980).
Effect of radiation on the crystals of
polyethylene and paraffins. 3. Irradiation in the
electron microscope. Polymer 21:1284-91.

• MECHANICAL AND
AEROSPACE ENGINEERING

Chavez, P. F., and Dawson, P. R. (1980).
COUPLEFLO—A computer code for coupled
creeping viscous flow and conductive convective
heat transfer—Addendum. Sandia National
Laboratories report SAND-80-2566.

. 1981. Thermally induced motion of
marine sediments resulting from disposal of
radioactive wastes. Sandia National Labora-
tories report SAND-80-1476.

Dandekar, K. V., mdGouldin, F. C. 1981. Tem-
perature and Veleocity Measurements in Pre-
mixed Turbulent Flames. Paper AIAA-81-0179
read at AIAA 19th Aerospace Science Meeting,
12-15 January 1981, in St. Louis, Mo.



Dawson, P. R. 1980. Finite Element Analysis of
Viscoelastic Fluid Flow. Paper read at 17th
annual meeting, Society of Engineering Science,
15-17 December 1980, in Atlanta, Ga.
Dawson, P. R., and Chavez, P. F. 1980. Ther-
momechanically coupled creeping flow of satu-
rated cohesive porous media. Chapter in Finite
elements in fluids III, ed. R. H. Gallagher.
London: Wiley.
Leibovich, S., and Paolucci, S. 1981. The insta-
bility of the ocean to Langmuir circulations.
Journal of Fluid Mechanics 102:141-67.
Lumley, J. L. 1980. Introduction to chapter II:
Turbulent flows. In Viscous flow drag reduction,
ed. G. R. Hough, pp. 45^*6. (Vol. 72 of Progress
in astronautics and aeronautics.) New York:
American Institute of Aeronautics and As-
tronautics.
Moore, F. K. (1980). Aerodynamic design prob-
lems of dry cooling systems. In Proceedings of
EPRI cooling tower workshop, ed. J. Bartz. Palo
Alto, Calif.: Electric Power Research Institute.
Taylor, D. L. 1980. Measurement of spectral
content of record warps. Journal of the Audio
Engineering Society 28(12):859-67.
vanDommelen,L.L., andShen, S. F. 1981. The
Genesis of Separation. Paper read at Symposium
on Numerical and Physical Aspects of
Aerodynamic Flows, 19—21 January 1981, at
California State University, Long Beach, Calif.
Zeman, O. 1981. Progress in the modeling of
planetary boundary layers. Annual Review of
Fluid Mechanics 13:253-72.

• OPERATIONS RESEARCH AND
INDUSTRIAL ENGINEERING

Bialas, W., and Weiss, L. 1981. Bounds for the
error in an approximation to the distribution of
continuous random vectors with bounded sup-
ports. Communications in Statistics: Simulation
and Computa tion B10( 1):67-76.
Goldman, A. J.; Lucas, W. F.; et al. (1979). A
review of the application of strategic analysis to
material accounting. Argonne National Labora-
tory report NUREG/CR-0950.
Hsu, W. L.; Ikura, Y.; and Nemhauser, G. L.
1981. A polynomial algorithm for maximum
weighted vertex packing on graphs without long
odd cycles. Mathematical Programming
20:225-32.
Lucas, W. F. 1981. Growth and new intuitions:
Can we meet the challenge? In Mathematics
tomorrow, ed. L. A. Steen. New York:
Springer-Verlag.
Prabhu, N. U. 1981. Stochastic storage pro-
cesses. New York: Springer-Verlag.

Rabie, M. A. 1980w. No solution with a gap for a
veto game. Report 291, School of Operations
Research and Industrial Engineering. Ithaca,
N.Y.: Cornell University.

. 1980/?. On the region of solution for
n-person games. Report 290, School of Opera-
tions Research and Industrial Engineering.
Ithaca, N.Y.: Cornell University.

. 1980c. A simple game with no symmetric
solution. Report 284, School of Operations Re-
search and Industrial Engineering. Ithaca, N. Y.:
Cornell University.

. 1981. A note on exact games. Interna-
tional Journal of Game Theory 10(3): 140-41.

• THEORETICAL AND
APPLIED MECHANICS

Bums, J. A. 1981. Ball rolling on a turntable:
Analog to charged particle dynamics. American
Journal of Physics 49:56-59.
Dashner, P. A., and Van Arsdale, W. E. 198la.
A phenomenological theory for elastic fluids.
Journal of Non-Newtonian Fluid Mechanics
8:59^67.

. 1981b. Shear and elongation in a theory
for elastic fluids. Journal of Non-Newtonian
Fluid Mechanics 8:69-79.
Jenkins, J. T. 1980a. The Mechanics of the
Contact Lens. Paper read at 17th annual meet-
ing, Society of Engineering Science, 15-17 De-
cember 1980, in Atlanta, Ga.

. 1980b. Static equilibrium of a fluid satu-
rated porous solid. Journal of Applied Mechan-
ics 47:493-95.
Jenkins, J. T., and Yamagishi, K. 1980a. The
circumferential contact problem for the belted
radial tire. Journal of Applied Mechanics
47:513-18.

. 1980b. Singular perturbation solutions
of the circumferential contact problem for the
belted radial truck and bus tire. Journal of
Applied Mechan ics 47:519-24.
Kuo, Y.-M., and Conway, H. D. 1980. Torsion
of a reinforced square cylinder. ASCE Journal of
the Engineering Mechanics Division
106(EM6): 1341-^7.
Moon, F. C, and Hara, K. 1981. Elastic buck-
ling of superconducting yin-yang magnets for
fusion. IEEE Transactions on Magnetics
MAG-17(0:207-10.
Morjaria, M., and Mukherjee, S. 1981. Numeri-
cal analysis of planar, time-dependent inelastic
deformation of plates with cracks by the bound-
ary element method. International Journal of
Solids and Structures 17:127-43.

Mukherjee, S., and Morjaria, M. 1981. A bound-
ary element formulation for planar time-
dependent inelastic deformation of plates with
cutouts. International Journal of Solids and
Structures 17:115-26.
Ruina, A. L. 1980w. Friction laws and in-
stabilities: A quasistatic analysis of some dry
frictional behavior. Report 21, Division of En-
gineering. Providence, R.I.: Brown University.

. 1980b. A Rate Scaling Rule for Slip
Events Governed by a Dieterich-Like Friction
Law. Paper read at fall meeting of American
Geophysical Union, 8-12 December 1980, in San
Francisco, Calif.
Toon, O. B.; Pollack, J. B.; Ward, W. R.;Burns,
J. A.; and Bilski, K. 1980. An astronomical
theory of climate change for Mars. Icarus
44:548-%.
Upadhyaya, S. K.; Rand, R. H.; and Cooke, J.
R. 1980. A Mathematical Model of the Effects of
CO2 on Stomatal Dynamics. Paper read at winter
meeting of American Society of Agricultural
Engineers, 2-5 December 1980, in Chicago, 111.
Weaver, R. L., and Pao, Y.-H. 1980. Multiple
scattering of waves in irregularly laminated
composites. Journal of Applied Mechanics
47(4):833-40.

• GENERAL
Simmons, R. 1980. Managing special programs
in higher education. Cambridge, Mass.:
Schenkman.

. 1981a. How industry can draw women
and minorities to engineering. Journal of College
Placement XLI(2):28.

. 1981b. Observing engineers at work.
Engineering Education 71(3):241-43. 42



LETTERS

43

Pioneering in Concrete

Editor: Hey—I like the publication, espe-
cially the issue on Dean [S. C] Hollister,
because it allowed me to compare his long-
lived work with the mostly poor quality
construction being produced today. I am
referring to the bridge across the Missis-
sippi that failed in only five years, and the
state and interstate highways hereabouts
that go to pieces in five to seven years
instead of [lasting] the projected twenty-
five to thirty years they should. . . . In our
area, this has been blamed on studded
snow tires, but it is, in reality, almost
entirely due to the incorrect positioning of
the reinforcing steel mesh within an inch of
the surface. . . . [A] result has been the
rediscovery (and use) of unreinforced con-
crete for roads, since it was politically
impossible to get the steel placed correctly.
Fantastic! Probably the right answer is to
build reinforced highways, then im-
mediately cover them with two inches of
macadam! Or some such strategy. Iowa
now adds another two inches of concrete
on top of the road as a remarkably innova-
tive solution.
A. Dutky
Dutky Consultants
Omaha, Nebraska

A Sundial for the Quad

The following are excerpts from letters to
Dale R. Cor son.

wkA Sundial for the Quad" has been a
delight to read—and a source of envy, too..
. . I enjoyed your photographs also. . . .
Congratulations on a superb blending of
art, science, and technology by one who
exemplifies the best of all three.
Robert H. Roy
Baltimore, Maryland

Your sundial is great! Without a doubt, it's
the classiest piece of design on the campus.
George Mueden
New York, New York

Thank you so much for the pictures of your
sundial, a beautiful, sophisticated design
and a real accomplishment. Not only is it
attractive in itself, but it also meets Dean
Dexter Kimbalfs concept of beauty as
"beauty of purpose." (An example he gave
was the single-bitted axe handle.)
Joseph H. DeFrees
Warren, Pennsylvania

I am overwhelmed by the ingenuity and

effort that went into your fantastic sun-
dial. . . . I have studied sundials out of the
books by Cousins, Mayall, Waugh, and
Dolan . . . but I have seen nothing as
elaborate and ingenious as yours. . . . My
favorite sundials, of those I know about,
are:
The NBS polar dial, memorial to Lyman
Briggs.
The disc equatorial in Cranmer Park in
Denver.
The large equatorial in Printing House
Square, London.
Yours.
(Not necessarily in that order.)

I am having a sundial built for me which
Mayall calls a heliochronometer. (I had
already built a mock-up of plywood, which
worked pretty well, but the improved ver-
sion will be precision-built and will, I hope,
indicate clock time correct to within one
minute. Further, it can be used at any
location by changing the adjustments.) . . .
Since a dial made of hoops is called an
armillary, I call my device, a miniature
version of yours, a semi-armillary, but I
have never seen this term in books.
Perhaps you have a better name.
William K. Viertel
Canton, New York

I have just seen the Spring 1981 issue . . .
and I must express my admiration for your
fantastic sundial . . . . I invite your inspec-
tion of a dial I designed, built, and pre-
sented to the Kalamazoo Nature Center
some ten years ago.
R. W.Emerson
Kalamazoo, Michigan

Professionalism and Specialization

Editor: The Commentary on engineering
specializations versus professionalism by
[Stuart M.] Brown and [Walter R.] Lynn in
your Spring 1981 issue represents a mile-



stone in education, especially since it dis-
tinguishes between specialization and pro-
fessionalism so clearly and concisely.

The need for broadly educated profes-
sionals is most apparent in interdisciplinary
designs, as almost all technological sys-
tems are. For instance, the design of the
Pruitt-Igoe high-rise, slum-clearance proj-
ect in St. Louis created a social environ-
ment that was too dangerous for human
occupancy. It was a sociological—not a
technical—failure conceived by technolo-
gists. It is failures like that which alarm
society enough to create ever more gov-
ernmental regulatory agencies. Their
edicts constrain professional practice and
erode political freedom by enlarging cen-
tral bureaucracies.

The authors plead for the creation of
generalists broadly educated in basic cul-
tural and scientific subjects. They seem to
imply that curricular transformations
should still be compressed into four-year
programs for the first designated degree in
engineering. It is difficult to understand
why engineering has clung to the bac-
calaureate for this qualification criterion
for a century when all other learned profes-
sions expanded their programs to six, sev-
en, or eight years. In 1900 the engineering
B.S. degree was the most stringent educa-
tionally for any profession, but it has not
progressed since. . . .

I feel that all professional programs
should be long enough to produce
graduates literate enough to read the tech-
nical material in their specialties, and cul-
tured enough to assume a societal leader-
ship role. A six-year program might suffice
to qualify such engineering professionals
today for practice over the next half
century.

These practitioners should be held as
ethically accountable to their peers as their
employers are held financially responsible
to the public for the protection of the
public's health and safety, and for the
conservation of its environment and re-

sources. Only in this way will we be able to
curtail bureaucratic growth and shrink the
state.
D. H. Pletta, P.E., University Distin-
guished Professor Emeritus
College of Engineering
Virginia Polytechnic Institute and State
University
Blacksburg, Virginia

Editor: I read with interest the last issue of
Engineering: Cornell Quarterly. . . . I
found the piece [by Stuart M. Brown and
Walter R. Lynn] on education interesting,
but it seems to me that manipulating the
undergraduate program in engineering is
not going to do much to improve profes-
sionalism in engineering.

If engineers are to be more than mere
technicians, the decision to become an
engineer must be made after a student has
achieved some maturity. Now decisions to
enter engineering have to be made in the
junior year of high school. If we want to
have engineers be true professionals and be
part of the decision-making process on
behalf of the society they serve, they will
first need a true education. Afterward they
can elect their field of study and, hopefully,
some of them will go into engineering. As it
is now, graduate engineering is at a very
low level, with only those seeking to be-
come educators at all attracted to graduate
study. Those who practice the profession
in government, consulting, engineering or-
ganizations, or industry seldom are as well
educated as the lawyers, public adminis-
trators, planners, and other professionals
with whom they are obliged to work. It is
no surprise, therefore, that engineers are
seldom selected for the highest rungs in
industry or government today.

To be frank, I am very much depressed
about the profession, particularly as I wit-
ness graduate programs in engineering
throughout the country being maintained
largely by students from the developing
world. Engineering educators had a chance

some years ago to elevate the profession,
but instead they introduced the engineering
technology degree, which is now hard to
distinguish from the regular engineering
degree, and more and more engineers are,
and are perceived to be, merely techni-
cians.

Private institutions should take the lead
in making changes in education. However,
I don't believe that minor manipulations in
a system that is not at all appropriate will
make very much difference.
Daniel A. Oken, Kenan Professor
of Environmental Engineering
The University of North Carolina
Chapel Hill, North Carolina

ENGINEERING
Cornell Quarterly

Published by the College of Engineering,
Cornell University

Editor: Gladys McConkey
Associate Editor: Ann Pollock

Graphic Art Work: Francis Russell

Composition and Printing: Davis Press, Inc.
Worcester, Massachusetts

Sponsored in part by the
Cornell Society of Engineers

Photographs by Jon Reis appear on the inside
covers and on pages 1 (from top: 1, 3, 4), 6, 7, 9,
17, 22, 23, 28 (left), 34, and 35. The photograph
at the bottom of page 32 is by Russ Hamilton.
The photograph on page 37 is by John Berry,
reproduced by courtesy of the Syracuse Post-
Standard. The photograph on page 20 was
loaned by the Cornell University Archives.

Please address any correspondence, including
notification of change of address, to EN-
GINEERING: Cornell Quarterly, Carpenter
Hall, Ithaca, New York 14853. A44






	VOLUME 16 NUMBER 1 SUMMER 1981 THE DEMOGRAPHIC FACTOR
	IN THIS ISSUE
	ENGINEERING FOR DECLINE A Challenge in the Eighties
	TRYING TO CONTROL CRIME Research on the Criminal Justice System
	APPORTIONMENT Reflections on the Politics of Mathematics
	COMMENTARY A Common Curriculum with Distinction An Inside Story
	REGISTER
	VANTAGE
	FACULTY PUBLICATIONS
	LETTERS



