








THE ROLE OF MASS TRANSIT
IN URBAN TRANSPORTATION SYSTEMS

by Arnim H. Meyburg

Mass-transit systems and automobiles
are generally viewed as competitors in
urban transportation. Whether one al-
ternative ought to be supported at the
expense of the other, and which should
have preference in spatial allocations,
are controversial issues. Discussions of
these matters, however, are based mostly
on emotional or psychological attitudes,
or even ideological and philosophical
ones. Rational argument is rare even
among professionals, who frequently
have difficulty suppressing their bias for
one or the other transportation mode.
And of course, the situation is in no
way helped by the fact that almost
everyone considers himself or herself a
transportation expert on the grounds
that virtually everyone is involved in
the transportation process.

Concern with problems relating to
the dichotomy of urban mass transit and
private automobile transportation is by
no means new in this country. Prob-
lems derived from automobile transpor-
tation—notably urban congestion, and
noise and air pollution—have fueled
the debate for a long time. It was not
until World War 1I, though, that the

issue became one of financial and polit-
ical concern to the Federal government.
Urban transportation traditionally had
been regarded as a local affair, but the
explosive increase in automobile owner-
ship and use after the war led to prob-
lems too great for the local governments
to handle. With decreasing revenues,
privately operated public transit
systems began to falter, and their rela-
tive attractiveness to passengers was
further diminished by the deferral of
maintenance and equipment renewal
programs. In many cases, local govern-
ments had to take over the operations
in order to prevent a complete collapse
of urban transportation systems, and as
a result experienced financial difficulties
themselves. Pressures from hard-pressed
local governments made evident the
need for Federal legislation providing
financing for urban mass-transit equip-
ment and, more recently, operations.

MAJOR FEDERAL LEGISLATION
CONCERNING MASS TRANSIT

The Housing Act of 1961 was the first
result of Congressional efforts to deal
with the problems of urban mass trans-

portation. Federal responsibility for
assisting urban mass transportation was
initially assigned to the Housing and
Home Finance Administration (HHFA).
The first major effort of the HHFA in
this area was the Federal Mass Trans-
portation Program, which was designed
as an emergency stop-gap measure to
aid the financially sagging rail com-
muter services by providing loans. After
a few years, however, it became obvious
that the resources provided by this pro-
gram were not capable of handling all
of the mass-transportation needs, and in
1964 Congress passed the Urban Mass
Transportation Act. This established a
program of Federal grants (on a match-
ing two-thirds to one-third basis) for
the preservation, improvement, and ex-
pansion of urban mass-transit systems.

The responsibility for administering
the 1964 Act lodged in the HHFA until
the functions of that agency were ab-
sorbed into the Department of Housing
and Urban Development (HUD). In
1968 the Department of Transportation
(DOT) took charge and organized the
Urban Mass Transportation Adminis-
tration (UMTA).
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“An important change. ..is the emerging
perception of public transit as a

public service.”

The Federal Aid Highway Act of
1970 constitutes another step in the
direction of improved mass-transit
facilities. This act authorized the use
of certain Federal-aid highway funds
for improvements in urban mass trans-
portation. However, these funds were re-
stricted to use for highway-based mass-
transportation service.

Among the many subsequent pieces
of legislation pertinent to mass-transit
funding, the National Mass Transporta-
tion Act of 1974 is particularly signifi-
cant in that it authorized for the first
time Federal operating assistance, in
addition to capital grants, to local and
regional mass-transit operations.

COMPONENTS OF THE URBAN
TRANSPORTATION SYSTEM

It goes without saying that the auto-
mobile is here to stay as an essential
component of the national transporta-
tion picture, although we may see sub-
stantial modifications in its use. The
automobile has made valuable contri-
butions to our society by improving
individual mobility, extending oppor-
tunities for choice of work place and

residential location, and, in general,
providing accessibility to virtually any
destination that can be reached by
highway. But its large-scale use has
also led to a number of serious prob-
lems, some dramatic, some more subtle,
that argue against the unlimited use of
individual transportation. Problems of
congestion frequently turn the mobility
we have come to appreciate into frus-
trating immobility during peak-period
traffic jams. Other major problems in-
clude pollution from vehicle emissions
and, of course, depletion of our natural
resources at a rapid rate.

Among the less dramatic but
equally significant problems are the
mobility restrictions of the so-called
transportation-disadvantaged. Because
of the assumption of ubiquitous avail-
ability and use of the private auto-
mobile, we tend to forget that significant
segments of society—for example, the
very young, the old, the poor, and the
mentally or physically infirm—have to
rely on means other than their own
private automobiles for the mobility
they need. Mass transportation now
available is very limited in terms of

areal and temporal coverage. It is ob-
vious that our present system discrim-
inates against those who depend on
public transportation service, either be-
cause of necessity or for reasons of prin-
ciple and conviction.

It is also obvious that there is no
panacea for eliminating the economic,
social, and environmental problems as-
sociated with transportation. There is
no one technology, operation, or sys-
tem that could provide a satisfactory
solution. But urban mass transit, im-
plemented carefully and imaginatively,
could play a beneficial role in overcom-
ing the problems. It is appropriate to
take a closer look at what might be
done.

ALTERNATIVES FOR URBAN
MASS TRANSIT SYSTEMS

If mass transit is considered to include
all passenger modes except individual
transportation by private automobile, it
includes a wide variety of possible
means for both interurban and intracity
travel. Even if the term is restricted to
urban mass transit, as it commonly is,
there is a whole spectrum of options,















“A number

of relative
advantages

of the private
automobile
have to be met
or overcome.”’

led to, among other things, a reassess-
ment of priorities and suitable tech-
nologies for urban mass-transit systems.
Since the formation in 1965 of the
Federal Department of Transportation,
which .was designed to integrate all
transportation-related functions of the
Federal government, a number of shifts
have occurred in national policy as it
concerns priorities in urban mass-
transportation systems. For some time,
great hope was placed in the role new
mass-transit technologies could play in
solving the so-called urban transporta-
tion problem. But eventually it became
recognized that (1) there was not and is
not one urban transportation problem,
but rather a whole array of problems
and symptoms; and (2) sophisticated
mass-transit technologies are too costly
and difficult to implement on a broad
scale. Vacuum-tube transit facilities,
tracked air-cushion vehicles, “personal
rapid transit” systems, magnetically
levitated vehicles, and a whole array of
other technological innovations might
look attractive in research laboratories
and at test sites, but recognition of the
cost and short-run applicability prob-
lems in the urban context tends to put a
severe damper on the excitement. For
example, TRANSPO-72, an interna-
tional transportation hardware ex-
position in Washington, D.C., included
displays of four different Personal
Rapid Transit (PRT) systems, all spon-
sored in one way or another by the
Urban Mass Transportation Adminis-
tration; but since then, except in con-
nection with the disappointing local
system in Morgantown, West Virginia,
very little has been heard about that
particular technology.

We have finally come to realize that

a much more cost-effective way of
using the limited resources that appear
likely to be allocated to urban mass
transit is to improve the quality of
service available through existing tech-
nologies. The possibilities include op-
erational improvements such as the
designation of traffic lanes exclusively
for buses and other multiple-occupancy
vehicles; the organization of car and
van pools; the introduction of “dial-a-
ride” systems; and measures to improve
passenger comfort and convenience. In
addition, the need for marketing cam-
paigns should not be neglected.

RECENT TRENDS IN PUBLIC
MASS TRANSIT POLICY

The most recent shift in Federal policy
regarding transportation service in
metropolitan areas is a reorientation
toward light-rail transit (the good old-
fashioned tram under the guise of a new
name) operating on an exclusive right-
of-way at or below grade. This shift
implies a change in priority from the
construction of full-fledged subway and
commuter systems such as BART and
METRO; interest in heavy-rail systems
was short-lived, mainly because of sky-
rocketing construction costs.

Small urban, suburban, and rural
areas face somewhat different problems
in their attempt to provide transporta-
tion service for those in need of mobility
and accessibility to jobs, medical serv-
ice, shopping opportunities, and social
or recreational activities. These low-
density areas have long been the
stepchildren of Federal transportation
policy and funds. Yet their problems,
though of smaller magnitude, are no
less significant than those of metro-
politan areas.
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SAVING TRANSPORTATION ENERGY

Issues in the Analysis of Alternatives

by Frank J. Cesario

Ever since the nation became concerned
with energy conservation, considerable
attention has been focused on ways of
saving fuel in the transportation of
people and goods. Potential “solutions”
to the energy problem span a wide
range of alternatives, all intended to
modify either the behavior of users or
the performance characteristics of vehi-
cles and facilities. But as with all re-
sponses to “crises,” there is the danger
that actions will be taken prematurely
on the basis of superficial or incomplete
analysis of the alternatives.

In this article, some of the issues in
transportation energy conservation anal-
ysis will be examined in the hope that
future studies will take them into ac-
count. Among the important needs are:
¢ recognition of the fact that energy
conservation is but one of our national
concerns and should be considered in
terms of its interactions with other
goals;
¢ consideration of the nature of the
interactions between the movement of
people and the movement of goods;

e the use of appropriate measures of
transportation output;

e careful compilation and use of data
to ensure that information is appropriate
to the problem at hand;

® comprehensive evaluations of alter-
natives, with attention to marginal costs
and benefits.

ENERGY CONSERVATION AS
ONE AMONG MANY CONCERNS

In our national life, we tend to become
concerned about problems as crises
arise and then treat the consequent
issues as if nothing else mattered. When
safety on the roadways became a politi-
cal issue in the early 1960s, unprece-
dented attention was directed to making
vehicles more durable; when environ-
mental quality became an issue in the
late 1960s, attention was focused on
reducing or eliminating vehicular emis-
sions of noxious pollutants; now, when
energy appears to be the major issue,
attention is concentrated on figuring
out ways to save fuel. All of these
concerns are, of course, legitimate, pro-
vided that they are not acted on inde-
pendently of each other or of competing
problems. The interacting aspects of
different policy areas need to be con-

sidered in decisions about what is best
for the nation as a whole. While it
might well be appropriate for the
Environmental Protection Agency to
concentrate on environmental manage-
ment and for the Federal Energy Ad-
ministration to concentrate on energy
management, it is totally inappropriate
for each group to act independently of
the other.

The pollution—energy controversy is
a case in point. Recent research on the
economic and social impacts of environ-
mental policy has included some studies
of industry response to the legislation
that culminated in the Clean Air Act of
1970 and its Amendments. The con-
sensus of the findings is that the original
1975-76 deadlines for meeting emission
standards and the one-year delay that
was later approved led the industry to
develop only marginal improvements
of the conventional internal combustion
engine because more radical technol-
ogies would have required at least three
or four additional years to develop. The
compromise ‘“bolted-on additions,” as
they are called, initially resulted in poor
fuel economy, high maintenance and
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“...energy conservation is but one of our
national concerns and should be considered
in terms of its interaction with other goals.”

COMBINING MOVEMENTS
OF PEOPLE AND FREIGHT

Even within the single policy area
of transportation energy conservation,
there are interactions that need to be
taken into account. The major one is
between the movement of people and
the movement of goods, which take
place over the same facilities. Conges-
tion in urban areas is caused not by
automobiles or trucks alone, but by the
combined use of the roadways by cars,
trucks, buses, and all other convey-
ances. Amelioration of congestion and
a concomitant reduction in fuel con-
sumption can be accomplished by
bettering the situation with respect to
any one or a subset of these various
kinds of vehicular movements. For
example, complete or partial elimina-
tion of automobile traffic in down-
town Manhattan would probably serve
to improve the flow of trucks in and
around New York City (although it
might not). Combining goods move-
ment and passenger movement in single
vehicles would probably serve to reduce
energy consumption (although it might

not). Other possibilities for combining
services can be imagined.

There are, however, some funda-
mental differences in the transportation
of people and of goods. The choice of
transportation mode is more complex
for human beings than it is for com-
modities. In deciding how to make a
trip, the individual traveler, subject to
constraints, presumably weighs the ad-
vantages and disadvantages of each
available mode and route. In general,
if financial costs are equivalent, the
traveler will choose the alternative that
involves the least expenditure of time
or is the most pleasurable to travel on,
or both. In goods movement, by con-
trast, individual commodities do not
determine their own destinies. In gen-
eral, the shipper, subject to constraints,
will choose the transportation system
that provides acceptable pickup and
delivery for the least outlay of money.
The cost of shipping a commodity does
not include a time-cost component (a
commodity has no preference for the
use of its time) or a comfort and con-
venience component (a commodity is
indifferent to the style in which it is

transported). Of course, time and a
parallel to comfort and convenience
are not unimportant, and they act as
constraints on shipments. If a perishable
commodity cannot be delivered before
it has begun to deteriorate, the result is
a high cost to the producer; the shipper
of a fragile commodity would prefer a
mode of transport that provided the
special handling required.

These considerations have a signi-
cant bearing on analysis for transpor-
tation energy conservation. The
possibilities of joint strategies for the
transportation of people and goods
should be explored, but with recogni-
tion of the differences between the two
kinds of movement. Most studies to
date have dealt with each type of
transportation separately.

PITFALLS IN THE USE OF
THE TON-MILE UNIT

One difficulty in considering energy
conservation and other aspects of the
movement of goods and people is that
the commonly used units of transpor-
tation output—the ton-mile and the
passenger mile—are deficient. Compari-
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... overall urban

expansion has
ground to a halt
in many parts of
the United States.”’

ments will cluster immediately around
a new roadway, and the transportation
planner’s job becomes more difficult.
Indeed, serious reservations might be
made about the need for any new
freeways. A further set of unanswered
(and still partially unasked) questions
surrounds the issue of the need for our
society to intelligently reduce some of
its public facilities—a prospect that
appears a virtual certainty for many
specific localities over the next decade.

The planning of transportation sys-
tems is directly connected to these
questions about the amount and loca-
tion of future economic expansion. In
terms of wasted resources, the penal-
ties for inaccurate assessments loom
ominously. It is clear that successful
solutions must entail consideration of
the private market responses to public
sector decisions and recognition of
their simultaneous nature.

THE HISTORIC INFLUENCE OF
TRANSPORTATION FACILITIES

Historically, transportation technology
has played a substantial role in char-
acterizing urban areas. Indeed, one
might argue that the process of urban-
ization could not take place without
adequate means of conveying and dis-
tributing the necessary goods and serv-
ices. If the wheel hadn’t been invented,
society would be dispersed and agrarian,
and individuals would be much more
self-sufficient. Of course, the wheel was
invented, the transportation of commod-
ities did become economically feasible,
and specialization in production did
take place. The fact that food and
other necessities could be hauled from
the hinterlands to urban places fos-
tered the growth of cities, and by the

first half of the twentieth century, all
industrial societies had become urban-
ized.

In effect, people and enterprises
located in patterns which seemed to
reflect their attempts to minimize trans-
portation costs. Leon Moses and H.
F. Williamson, Jr., have made an in-
teresting analysis (in a paper published
in 1967 by the American Economic
Review) of why industry in the United
States clustered near wharves or rail
terminals at the beginning of the cen-
tury. The determining factor was trans-
portation costs: It was cheaper to
move workers on horse-drawn trolleys
from their homes to the center city
than it was to move raw materials by
wagon to outlying factories (and to
reverse-haul the finished products).
This was true even though land costs
for factories would have been much
smaller if they had been scattered
throughout residential areas and even
though lower wages might have been
possible because of the shorter trips to
work. Trolley systems were economical
only for passenger transport because
while people could walk between their
homes and the tracks and from there
be transported to and from work on the
low-friction, horse-drawn vehicles, raw
materials and commodities had to be
hauled door to door and the trackage
required for a widespread freight trolley
system would have been prohibitive.
The subsequent development of rail
commuter systems in the largest, most
densely populated communities rein-
forced this pattern of centralized em-
ployment. (It might be noted that
political organization had something to
do with the construction of rail mass
transit; New York City’s elevated and
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affects the traveler’s demand for vari-
ous alternative modes and routes. The
traditional approach in such a study
would be to assign travel time a dollar
amount almost as high as the individ-
ual’s hourly wage, on the assumption
that an hour spent commuting is at the
expense of an hour of gainful employ-
ment. Actually, however, it is extremely
difficult to determine the earnings an
individual might forfeit because of time
required for commuting: some people
work for a proscribed forty-hour week,
and some can work as long as they
like. And then there are some commut-
ers who enjoy the ride and do not view
it as having any cost other than the
price of a ticket. The fact that indi-
vidual valuation of travel time is re-
flected not only by what mode of travel
is chosen, but also by where people
choose to live and how far they com-
mute, adds additional complexity. Of
course, decisions on where to live are
influenced by land costs, which are
lower at greater distances from em-
ployment centers. But these cost differ-
ences are partially generated by an
unwillingness to pay as much for dis-
tant land because individuals value
time as a commodity. Once again the
simultaneous nature of answers to ur-
ban transportation and land-use pat-
terns is apparent.

In other recent graduate disserta-
tions at Cornell, attempts have been
made to interpret commuters’ prefer-
ences in terms of comfort and conveni-
ence as well as the more traditional
criteria of travel time and out-of-pocket
cost. If population pressures are re-
duced in our society in the future, the
concomitant increase in per capita in-

23 come may lead to a greater emphasis

on hedonistic pleasures and a lessening
of concern over time and costs. It may
be even more important in the future
than it is now for planners to be able
to discern and estimate the strength of
comfort-related demand factors.

The integration of economic analy-
sis of demand factors into planning
strategies is, of course, important in a
much broader context than just urban
transportation analysis. Consider, for
example, some competing concerns of
Cornell’s Department of Environmen-
tal Engineering, which includes both
transportation and sanitary engineering
specialists. Improved water supply,
sewage treatment, and environmental
ambiance are factors that enhance ur-
ban living, and they provide an impetus
toward population concentration or at
least render high-density habitation less
onerous. At the same time, improved
transportation facilities and speedier
intraurban trips favor an offsetting ten-
dency toward urban sprawl. The muni-
cipal manager and the public are caught
in the middle of this tug-of-war. They
must decide what technology to buy,
and could use some advice from plan-
ners who are knowledgeable about the
economic implications of the alterna-
tives. Ultimately, engineers and de-
signers must be concerned with the
question too. The choices are sure to
influence the future shape of urban
America.

Richard E. Schuler brings a background
of engineering, business, and economics to
his research and teaching in the areas of

public sector problems and the interaction

between local government and urban de- .
velopment, transportation, and environ-

mental quality. At Cornell he holds a

joint appointment as assistant professor of

environmental engineering in the College

of Engineering, and of economics in the

College of Arts and Sciences.

Schuler received the degrees of B.E. in
electrical engineering from Yale Uni-
versity, M.B.A. in business from Lehigh
University, and M.A. and Ph.D. in eco-
nomics from Brown University. After
graduating from Yale in 1959, he spent
eight years in engineering, marketing, and
administrative positions with the Pennsyl-
vania Power and Light Company, followed
by two years as a fuels and energy econ-
omist for the Battelle Memorial Institute.
He joined the Cornell faculty after com-
pleting his graduate studies in 1972,

In addition to his academic activities,
Schuler serves as a consultant to the In-
stitute for Energy Analysis at Oak Ridge,
to the Schenectady Community Action
Program as an adviser on New York State
utility rate costs, and as a referee for
the American Economic Review and the
Journal of Political Economy. He is
registered as a professional engineer in
Pennsylvania.



RAILROAD ABANDONMENT:

Can the Local Road System Take the Impact?

by Lynne H. Irwin

For more than one hundred twenty-five
years our nation’s railroads have been
the backbone of our transportation sys-
tem. They were the “highways” along
which development proceeded at a
rapid pace during the period from 1850
to 1910. They served us well during two
world wars and several more recent
“conflicts.” Today they are still a ma-
jor part of our transportation system.

Since 1916, however, the railroads
have been in a state of gradual decline
that has accelerated in recent years.
Large sections of track are being aban-
doned, and although this may make
sense from the viewpoint of the railroad
companies, it may not from the perspec-
tive of regional and national economics,
and of the transportation system as a
whole. The place of railroads in our na-
tional system is an issue with greater
dimensions than the single criterion of
operational economy that is now being
used as the basis for decisions on
abandonment.

One of the specific issues involved in
railroad abandonment is the impact it
has on the highway system, which has
to absorb most of the extra load. Es-

pecially important in regard to the
transport of agricultural products and
supplies are secondary roads, which are
often inadequate for heavy use. To agri-
cultural and highway engineers, this is
a compelling problem that should be
taken into account in decisions affecting
the future of our railroads.

THE PLACE OF RAILROADS
IN OUR NATIONAL SYSTEM

One of the most important functions of
the railroads at the present time is to
transport agricultural and industrial
commodities not only for distribution
to markets within the United States, but
also to ports for export. The effect of
agricultural export on our nation’s fi-
nancial health is clearly shown by the
fact that during the period 1970 to
1974, the only year we experienced a
positive trade balance was 1973, when
the Soviet grain deal was consummated;
examination of the statistics for that
and the previous year show that all but
two percent of the favorable trade bal-
ance in 1973 can be explained by the
increase in agricultural exports.

In general, the railroads offer con-

siderable savings for long-haul freight
movement because of their efficiencies
in terms of scale and energy utilization.
It is generally accepted that railroads
are most efficient when haul distances
exceed two hundred miles; truck trans-
portation offers economies for shorter
haul distances. Increased utilization of
containerization should encourage in-
termodal transport {piggybacking) for
intermediate-distance hauls because of
reduced transfer costs. But optimal use
of these freight transport modes de-
pends on the continued availability of
railroad service.

THE PROBLEM OF
RAILROAD ABANDONMENT

During the latter part of the 1880s and
the first quarter of this century, United
States railroad companies greatly over-
built their trackage, extending service
to rural areas through many miles of
spurs and feeder lines. This overbuild-
ing was especially prevalent in the
northeastern and midwestern parts of
the country.

The year 1916, when there were
254,000 miles of line-haul track in the
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“...Federal economic policy in the area
of commodity transportation is not
being shaped in terms of overall needs.”

Research studies at Comell are con-
cerned with these possibilities. Current
projects include the development of in-
novative construction techniques, study
of the possible use of industrial waste
products such as fly ash as soil stabi-
lizers, and investigation of ways in
which the correct amount of stabilizer
for use with various types of gravel can
be determined.

NEW TECHNOLOGY FOR
THE EVALUATION OF ROADS

Until recently we have had only limited
and inexact means of rating the struc-
tural adequacy of roads. Accordingly,
the deficiencies suggested by the data in
Table II are based solely on categoriza-
tion by pavement type and thickness,
not on any measurement of structural
strength. Yet we know that a road
founded on a well-drained soil in the
southwest United States is more likely
to have adequate strength than a road
of the same material and thickness built
on a frost-susceptible northeastern soil.

Equipment and methods of data
analysis now being developed will per-

29 mit highway agencies (or the ICC) to

make rapid measurements of the struc-
tural strength of a road. Field test
equipment includes a surface vibrator
that applies a cyclic load to the pave-
ment, generating a deflection basin;
with a knowledge of the layer thick-
nesses, fundamental properties of the
pavement can be calculated from the
surface deflections using layered elastic
theory computer programs. As a final
step, the maximum load that can be ap-
plied without overstressing the pave-
ment can be calculated. Because this
field test equipment is easily portable,
many tests can be performed along a
road in a short time. Although the
equipment is expensive, several con-
sulting engineering firms are offering
the testing service, thereby reducing the
cost to individual highway agencies.
There is a need to improve the effi-
ciency of the computer programs to
reduce the cost of the data analysis, but
this should not be difficult. It is possible
to foresee an inexpensive, nondestruc-
tive method of pavement evaluation
which could be used to study the char-
acteristics and diagnose the structural
needs of our roads.

Cornell is contributing to this area
of research through efforts to develop
lost-cost equipment for measuring
pavement deflection. If this work is
successful, it will make it possible for
many more highway agencies to per-
form their own pavement investiga-
tions.

FUNDING FOR CONSTRUCTION
AND IMPROVEMENT OF ROADS

Historically, the Federal government
has assumed responsibility for the na-
tion’s overall road system. The initial
Federal-aid highway act of 1916 pro-
vided money for the improvement of
rural roads to permit delivery of mail
and to “get the farmer out of the mud.”
In 1921 the Congress established the
Federal-aid primary road system
(known as the 7-percent system), and
in 1944 the Federal-aid secondary
system was initiated.

With the establishment of the High-
way Trust Fund in 1956, significant
appropriations for the construction of
an Interstate highway system became
available. Between 1956 and 1974, the
Federal government invested $90 bil-

































WHAT ABOUT THE FUTURE
OF MAGNETIC LEVITATION?

Technological crystal-ball gazing is an
unreliable business. History has shown
that technical achievements can outdo
conservative estimates of progress, yet
for new technologies like MAGLEV
transportation, problems such as the
looming energy and resource short-
ages may retard development. While
four years ago I would have bet
on the 1980s for a revenue-producing
MAGLEYV system, my current guess is
that by the 1990s we shall be able to
ride in a magnetically levitated train
at a speed of four or five hundred kilo-
meters an hour. Whether that ride will
be on the North American continent is
another matter.

Air travel will certainly continue to
be the choice for trips greater than
five hundred miles. But for trips of less
than four hundred miles (currently
about 40 percent of airline business),
MAGLEYV will provide an attractive
alternative with comparable travel
time. We are most likely to see
MAGLEYV in the high-density corri-

“...by the 1990s we shall be able to ride
in a magnetically levitated train at a speed
of four or five hundred kilometers an hour.”

dors of the Northeast, the Great Lakes
region, and the West Coast, and in a
bi-city route mode rather than a net-
work mode similar to that of the rail-
roads.

Energy consumption will be inter-
mediate between that of high-speed
aircraft and of modern conventional
trains. It is estimated that MAGLEV
at 480 kilometers an hour will use 35
to 50 percent of the energy per pas-
senger kilometer consumed by a 727
jet, but will require about twice as
much energy as a Metroliner traveling
at 160 kilometers an hour.

It is perhaps ironic that in this coun-
try MAGLEV has elicited more
interest from the aerospace community
than from the rail industry. One of the
first proposals for a levitated train was
made by Robert H. Goddard, the
“father of rocketry,” in a 1909 article
in Scientific American. He explored
the idea of a vacuum tunnel between
New York and Boston to convey air-
tight cars suspended and propelled by
the action of magnets. After World
War II, the Navy developed a linear
induction motor to catapult planes

from carriers. In the middle sixties, a
team at Sandia Laboratories became
interested in a repulsive levitation
scheme to propel a rocket sled in an
evacuated tube to speeds up to five
thousand meters per second. And re-
cently a NASA-sponsored team headed
by Gerald K. O’Neill of Princeton
University and Henry Kolm of MIT
completed a study of the possibility of
using a magnetic space launcher
(based on the MIT Magneplane re-
search recently dropped by the Depart-
ment of Transportation) to propel
manufactured materials from the moon
into Earth orbit. Estimates are that the
proposed MAGLEV moon launchings
(at the 2.4 kilometer per second es-
cape velocity) would cost less than one
dollar per pound, as compared to the
cost of several hundred dollars per
pound for rocket launchings from
Earth.

With prototype MAGLEV vehicles
being built abroad and little interest in
this country, one could ask what mo-
tivates my own continued interest in
magnetic levitation research. One rea-
son is my belief that there are still
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FACULTY

PUBLICATIONS

The following publications and conference
papers by faculty members and graduate
students of the Cornell College of En-
gineering were published or presented dur-
ing the period May through August 1976.
Earlier publications inadvertently omitted
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