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"SEEING" THE BIG PICTURE
By Donald ). Belcher

Today, construction projects that were
seemingly inconceivable in the early
1950s have either been realized or are
close to becoming realities. Projects that
were formerly adjunct to and serving
existing systems and patterns of devel-
opment have generated new systems;
their physical requirements have ex-
erted such an impact on the environ-
ment that new problems in design and
construction have arisen.

Unfortunately, the fact-finding meth-
ods of large-scale project planners have
not usually kept pace with the size and
extent of influence of today's projects.
They are geared to the needs of thirty
years ago, with civil engineers drilling
and sampling much as they did before
World War II.

At the Center for Aerial Photo-
graphic Studies at Cornell, we are
attempting to make studies of physical
environment factors affecting engineer-
ing and planning decisions and to ex-
plore the means for evaluating these
factors in a more sophisticated man-
ner. Physical factors include climate,
soil and rock conditions, and water
resources. One of the prime sources for

evaluation is the interpretation of data
gathered by airphotos and other remote
sensing methods.

The engineer's need to predict and
control complex factors in the environ-
ment is easily elucidated by analyzing
the common highway experience. We
have progressed from two to four to six-
lane roads. Earlier, our highway build-
ers avoided problems and major costs
by following the ground surfaces, ac-
cepting curves and grades as reasonable
constraints. Today, road grades are low
and the curves gentle; to achieve these
results engineers dig deeply into the
earth and build high embankments.
These in turn create landslides, rock-
fall, and settlement. All but selected
points of access are cut off and the road
becomes a veritable "wall of China,"
separating house and barn from farm;
village from city; and farm from mar-
ket. Not atypical is the case of "sev-
ered" farmers, who may drive from
eight to twenty miles to reach their
"back forty" acres. Local economics
are decimated and new foci of economic
activity are generated. Previously, the
engineer's mandate did not require that



he consider the peripheral conse-
quences of the projects for which he was
responsible, but these consequences
have become so great and often so dis-
ruptive that they may outweigh other
primary factors.

As engineers move into more remote
areas to build and develop major pro-
jects, they encounter conditions which
appear new and unusual; each site poses
different problems. Much preparatory
work is required for a full knowledge
and understanding of the conditions at
these sites, yet there is seldom sufficient
time or funds for this work. As a result,
many projects are poorly sited, improp-
erly designed, and often far more costly
to construct and operate than is justi-
fied. A number are total failures.

THE LANDFORM CONCEPT

The work of the Cornell Center for
Aerial Photographic Studies has pro-
vided a means for avoiding most of
these pitfalls. With aerial photography,
we can recognize the pattern of change
in nature which is indiscernible from the

3 ground; we can identify the elements

that characterize different soils, rocks,
and moisture conditions as these occur
in landforms. Unknown to the ground
observer, there may be several differing
landforms within short distances; as he
moves from one point to another, he
has no means of recognizing change in
the conditions beneath his feet. The
aerial photograph enables one to de-
fine the extent of each landform and
the nature of related subsurface con-
ditions.

It also enables one to use landforms
appropriately; that is, to build only
where building requirements will be
well met by specific landform character-
istics. When these requirements are not
met, results often range from costly to
catastrophic. A few examples from my
own experience should serve in illustra-
tion.

Not long ago several members of the
Center were asked to identify deposits
of gravel in connection with the con-
struction of a very large and costly
($100 million) hydroelectric project in
western Canada. This is a common-
place task in itself, but in the process it
became apparent that land which was

'With aerial
photography, we
can recognize the
pattern of change
in nature..."



Right: The areas delineated in this photo-
graph of a plain in New Zealand are
classified according to prospective land
use. The coarse, gravelly soil in the areas
marked 1 if cut by many channels and
subject to flooding and mud flows. It is
therefore unsuitable for housing develop-
ment. Those areas marked by a 2 are safe
for housing, and the 3 areas are particu-
larly suitable for agriculture. This kind of
information-gathering is made efficient
and economical by airphoto interpreta-
tion. Opposite page: Students in a basic
course in photo analysis at Cornell learn
how to identify different soil, rock, and
moisture conditions and to "read" them
on photographs.

to be flooded by a reservoir was a land-
form notoriously unsuited for such pur-
poses (limestone). The surface of such
a landform is deceptively smooth,
covering earth that is laced with un-
derground caves and caverns like Mam-
mouth Cave in Kentucky. Air photo-
graphs recorded the unmistakable
evidence of sinkholes—minute holes at
random points in the surface created
by the collapse of cavern roofs.

The situation and its significance
were gratuitously reported and received
with about the same degree of respect
most free advice finds. "After all," it

was said, "we've been drilling at the
damsite for eighteen months and
haven't found anything like this." But
the area drilled amounted to only about
.001 percent of the total and, of course,
was not representative of the landform.
A tour showed both client and engi-
neers that innocent-looking clumps of
brush masked angular holes visible
from above. Exploring several of these
holes, we gained entrance to under-
ground streams flowing in caverns
that ranged from a few feet to thirty
feet in height and as wide as seventy
feet. Clearly, these would not hold



water when the surface was flooded as
a reservoir. The project was so far ad-
vanced that a decision was made to
spend an additional $3 million in
attempts to seal off the underground
streams and prevent the water from
flowing under and around the proposed
dam. This too was destined to failure
because of the great extent of the reser-
voir, and ultimately the project had to
be abandoned.

Was this an exceptional case? In the
Middle East the story is being repeated
today. After two years of study, investi-
gators have discovered that cavernous
limestone exists beneath the power
plant of a hydroelectric project. Using
our knowledge of landforms and aerial
photography, this condition could have
been revealed in two months' time.
Elsewhere recently a dam was "inau-
gurated." The penstocks were closed,
and as the reservoir began to fill the in-
creasing water pressure blew out the
clay-filled underground channels, drain-
ing the water from the reservoir.

In South Africa, several model towns
were built recently on an innocent-look-

5 ing landform. Within the past two years

holes greater than 100 feet in diameter
and of equal depth have appeared.
Houses have collapsed, buildings have
fallen in, and road and utility services
have been interrupted as those features
which are readily discernible on air-
photos have finally weakened and col-
lapsed.

SITE LOCATION

Effective use of aerial photography is
not limited to the a posteriori study of
proposed and in-progress projects. It is
helpful also in the a priori study of con-
struction feasibility. A noteworthy ex-
ample is the search, in 1957, for a
proper site for the ionospheric observ-
atory conceived by William Gordon,
then professor of electrical engineering
at Cornell. Having concluded that the
necessary reflector surface, 1,000 feet
in diameter and with a radius of curva-
ture of 870 feet, was structurally possi-
ble, Mr. Gordon was faced with the
following question: Could a natural
bowl be located in which a reflector
could be built with a minimum of ex-
cavation and filling, and which had
good drainage? The site had to fulfill

three requirements: (1) it had to be
located in the tropics, where solar sys-
tem objects pass more nearly overhead
than in other regions; (2) it was neces-
sary that it be in a climate of moderate
temperature changes to reduce prob-
lems of structural expansion and con-
traction; and (3) it had to be removed
from the electrical interferences of met-
ropolitan areas and air routes.

With the aid of aerial survey maps,
the possibilities were weighed and then
narrowed to a few locations. Areas of
Hawaii, Mexico, and the Caribbean
containing appropriate landforms were
considered and discarded in favor of
Puerto Rico. There, a 125-acre site,
eleven miles from Arecibo and the coast
and protected by surrounding hills, was
chosen. It had been located by an aerial
survey analysis of an area whose sink-
hole topography was the result of the
collapse of huge caves formed by the
solution of limestone in water. Thus,
this somewhat peculiar landform need
not always contribute to construction
failures. In this instance its favorable
aspects were utilized to save more than
$ 1 million in construction costs.



"Aerial photography has kept pace with the demands of
increasing populations and growing national economies by

enabling us . . . to recognize elements of the
physical environment that will (affect) large-scale

development projects."

RELATING SITE TO
CONSTRUCTION MATERIAL
NEEDS

The search for ideal conditions also
applies to the determination of project
design and construction by resource
availability. In the modern highway sys-
tem, for instance, materials handling
costs are a major element of the overall
project expense. Large quantities of
granular material are needed for sub-
surface roadbeds, and the cost of haul-
ing this material to construction sites is
a major consideration in the location of
routes. Thus, for the planning of the
200-mile-long West Side Freeway be-
tween Stockton and Bakersfield in Cali-
fornia, airphoto interpretation was used
to locate available sources of needed
materials. Such factors as minimum
haul distances and amounts of material
available at each deposit could then be
considered in locating the route for the
Freeway.

Another example of airphoto useful-
ness in the discovery of resources is fur-
nished by the search for approximately
four million cubic yards of clay needed

as a lining for the reservoir of one of
the largest pumped storage projects now
under construction. During off-peak
hours at this project, generated electric-
ity is used to pump water into the stor-
age reservoir, facilitating the produc-
tion of hydroelectric power during peak
hours.

After much fruitless ground drilling,
aerial photography was employed as a
last resort. We were able to identify a
massive deposit of clay buried beneath
a layer of sand less than three miles
from the construction site. This discov-
ery saved, by a conservative estimate, at
least $1 million in haul costs alone.

An even more dramatic incident of
this nature occurred several years ago.
A Canadian engineering firm was faced
with the need for an immediate deci-
sion on the kind of dam to be designed
for a major hydroelectric project on
the Bersimis River in Quebec. The
design decision was to be based on the
availability of a major deposit of gran-
ular material in the subsoil. Aerial
photographs were taken and hurried
through customs. A weekend was
devoted to examining them. As we

could see in the stereo photograph pair,
the preferred material was present in
the area. It was hidden by the forest in
a protected cleft in the otherwise rocky
terrain, but was identifiable by a distinc-
tive type of gully, which could be seen
in the stereo photography.

Months later we learned that the
deposit was thought to be solid rock and
not the granular material needed and
that the most economical type of dam
design had been abandoned. To protect
the professional status of airphoto inter-
pretation or learn the source of error,
we organized a field party including the
geologist who made the ground check.
With something more than ordinary
satisfaction, we witnessed the digging
of a test pit by the geologist, the filling
of several twenty-five-pound sample
bags, and the arduous task of back-
packing these to the construction site.
The incident was capped when the engi-
neers reported that the samples met the
grain-size specifications of the material
required.

Unfortunately, this proof had come
six months too late, when the dam
design had been committed to a more 6



Florida Boston

The soft soils in many areas of Boston
and in certain areas of Florida are unsuit-
able for building. Simply filling in the
marsh-like areas will not prevent most
problems created by subsequent building
settlement, as many businesses and home
owners have found.



For road and highway siting, airphoto
interpretation is of great value. Interpre-
tation of the ground conditions in a region
of Iran shown by this airphoto makes it
clear that to build a road in the narrowest
section between the two rivulets would be
unwise. In the area marked with a circle,
heavy precipitation flows through a cavern
formed from previous turbulence. It
would be more difficult to control the
precipitation here than it would be in the
lower section, marked with a square,
where the action of the flow is dissipated
and the channels are shallow.



Howe Caverns, located near Cobleskill,
New York, illustrate the kind of under-
ground action which is usually indiscerni-
ble from the ground but which may be
discovered through the interpretation of
landforms from airphotos.

costly system. But the incident shows
that aerial photography—when used
properly and in a timely fashion—can
and does enable optimum design at
major savings to the client.

FINDING A CAPITAL
FOR BRAZIL

The successful application of air-
photo interpretation to the task of locat-
ing sites for major installations is based
on two simple but essential factors: the
ability to interpret various landforms
and the knowledge of how to use air-
photos to ensure accuracy in the iden-
tification of specific details. Of those
location problems which come imme-
diately to mind—Brasilia, the 10 GeV
synchrotron at Cornell, the Arecibo
radio telescope, the proton accelerator
at Argonne National Laboratories,
IBM's administrative headquarters at
Armonk, New York, and the ultra-
long-wave Navy radio facility in An-
dover, Maine—Brasilia offers perhaps
the most instructive example. Brazil's
surface area is larger than that of the
forty-eight continental states in the
United States, and the country has a
population of more than eighty million
people. Yet nearly all of the indus-
trial development, population, and de-
veloped resources of the country can
be found within a few miles of its

four thousand mile coastline. Repre-
sentatives of the government of Brazil,
desiring to develop more of the in-
land territory of this vast nation, came
to us at the Center for Aerial Photo-
graphic Studies seeking aid in planning
a new capital city.

Having studied the physical prob-
lems of existing cities, we felt that cer-
tain criteria had to be met. Soft soils
that cause building settlement in such
cities as Boston, Chicago, Mexico City,
and Amsterdam had to be avoided.
Equally undesirable were sites where
rock is near the surface, as is the case in
Rome, Brisbane, Hong Kong, Rio de
Janeiro, and Charlotte Amalie in St.
Thomas. Such conditions make under-
ground utility services impractical or
highly expensive because every foot of
water and sewer line must be blasted
out of solid rock. Then we had to think
of such critical factors as water supply,
sources for electrical power, and space
for expansion, among dozens of others.

Brasilia was ultimately built on what
we considered to be an ideal landform.
The final site was selected from an area
of twenty thousand square miles about



Above right: The topography of this re-
gion of Puerto Rico near Arecibo was
turned to good advantage for the building
of an ionospheric observatory. The land
here seemed truly "cut out" for the 1,000-
foot-diameter reflector dish which was
suspended in it.

Opposite page: Participating in an inven-
tory of land use and natural resources for
the New York State Department of Com-
merce are these students at the Center for
Aerial Photographic Studies. By locating
and identifying deposits of gravel, sand,
and clay, water sources—rivers, lakes, and
streams—and forests, the members of the
Center can then classify agricultural and
other lands for planning purposes.

which little was known. To reduce this
area to a manageable size, we first
eliminated those landforms which had
unfavorable qualities: shallow bedrock,
excessive surface runoff, steep slopes,
poor access, or limiting size. Favorable
landforms began to stand out on the
12' x 12' photo mosaic panels we
made, thirty of which were required to
cover the search area. From the eleven
thousand photographs taken, we select-
ed certain ones to make a more in-
tensive study of localized areas.

Our field parties sampled key areas
identified by the photo analysts as
representative of potential agricultural
land or sources of construction mate-
rials; a truck-mounted drill tested
ground water sites and obtained deep
soil data. Specialists from the Cornell
campus and outside consultants eval-
uated everything from timber resources
and limestone for cement to air drain-
age and the amenities of the various
sites.

In Ithaca, in Rio, and in the field, the
selection committee analyzed the sites,
defending good features and attacking
poor ones, with the result that the final

site was a clear choice, without signifi-
cant deficiencies.

The city of Brasilia is built on a land-
form that provides from forty to sixty
feet of soil over sound bedrock, suffi-
cient depth to provide for the installa-
tion of utilities, highway underpasses,
and even subway services without the
need of excavating bedrock. At the
same time, bedrock is available for
foundations of high-rise structures
(which now predominate in the federal
district). Water supply is assured by
the magnificent man-made lake that
now surrounds the city on three sides.
In this once-remote Brazilian interior,
the successful completion and opera-
tion of major construction projects have
substantiated the value of the landform
concept.

One must conclude that the future
holds great and expanding prospects
for civil engineers. Aerial photography
has kept pace with the demands of
increasing populations and growing
national economies by enabling us to
see the big picture, to recognize ele-
ments of the physical environment that
will help or hinder large-scale develop- 10
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ment projects. The Center for Aerial
Photographic Studies at Cornell has
been in operation since 1950, and
without question its members and staff
have pioneered in contributions to the
earth sciences and engineering.

Professor of geotechnical engineering
at Cornell, Donald J. Belcher joined the
faculty in 1947, after seven years of
teaching and research at Purdue Univer-
sity. He earned the Bachelor of Science
in Civil Engineering degree in 1934, the
Master of Engineering degree in 1939,
the Master of Science degree in 1940,
and in 1941 the professional degree Civil
Engineer, all from Purdue.

In addition to his teaching duties in
aerial photo analysis and the supervision

of the Master of Engineering (Civil) de-
sign projects program, Professor Belcher
is director of the University's Center for
Aerial Photographic Studies, which has
more than forty staff members. At pres-
ent, the members of the Center are work-
ing on an inventory of natural resources
and land use for the New York State De-
partment of Commerce. Professor Bel-
cher has been a visiting lecturer since
1960 for the Division of Engineering and
Applied Physics and the Graduate School
of Design at Harvard University.

His consulting experience is extensive.
It includes field experience in the Middle
East and Far East, Europe, Africa, and
Latin America. He has held the positions
of chief of mission for the United Nations
Ground Water Program in Iran, consult-
ant for the Western Electric Company,
and consultant for town siting and
water supply planning for the city of
Calcutta. He has catalogued the surface
and ground water resources of the
Pyrenees for the Spanish government and
was one of those responsible for the
selection of a site for the capital city of
Brazil.

Professor Belcher is registered as a
professional engineer in Indiana and
Alaska and is a member of the American
Society of Photogrammetry.



THE USE OF A1RPHOTOS

IN TROPICAL DEVELOPMENT
By la Liang

A casual examination of the world
map should give us an idea of the
importance of the tropical regions.
Their strategic geographic location,
vast land masses, huge populations, and
abundant natural resources all under-
line one of today's most important
and challenging tasks: the sound and
systematic development of the tropics.

Aerial photography provides a com-
mon source of data for engineers,
geologists, agriculturists, and planners
and is therefore useful in the develop-
ment of any climatic region. But the

scarcity of maps and general lack of
ground information in the tropics make
airphotos a particularly valuable tool
there. In fact, throughout the tropics,
from Central and South America to
equatorial Africa, South and South-
east Asia, and northern and western
Australia, it is unusual to find any
large area that has not been covered
at least partially by some type of
aerial photography.

This existing photography may not
be of an entirely suitable scale or
satisfactory quality for a specific proj-
ect, but it provides a basis for conduct-
ing air and ground reconnaissance and
for determining, systematically, the re-
quirements in terms of scale, area
coverage, season, and direction, of new
photography. In some cases, the gaps
in aerial photography can be bridged
by reconnaissance photos taken in
relatively light planes.

New aerial photography is inexpen-
sive relative to construction and
development costs and the costs that
are saved by an early investigation of
alternatives. Depending on the photo
scale and the size of a project, the

photography may cost from several
dollars to tens of dollars per square
mile.

Both quantitative (vertical and
horizontal measurements) and qualita-
tive (soil, rock, and vegetation identi-
fication) information are provided by
stereoscopic examination of airphotos.
This information can then be inter-
preted and related to the requirements
of a specific development project.

LOCATION OF
TRANSPORTATION ROUTES

The use of airphotos to locate
transportation routes—railroads, high-
ways, and pipelines—is especially
effective. With their coverage of large
areas, airphotos permit examination
of the topography and ground charac-
teristics which will affect excavation,
foundation, and material costs. Eco-
nomic and social factors, including the
potentials of mineral, agricultural,
forestry, industrial, and urban develop-
ment, can be considered in the
photographic interpretation process as
required. Airphotos allow considera-
tions of this nature to be weighed 12



Figure 1

13

expeditiously and thoroughly without
the inhibitions of unfavorable climate
and geographical inaccessibility that
frequently hold for many of the
underdeveloped regions of the tropics.

One outstanding example of trans-
portation route development is the
recent study of a one thousand-mile
Zambia-Tanzania railroad route spon-
sored by the British and Canadian gov-
ernments. Engineered by Canadian
Aero Service and a group of British
consultants, field reconnaissance of soil
and rock conditions was completed in
two weeks' time by the use of airphotos.
Soil conditions proved to be most criti-
cal in locating the proposed route. It
was necessary to traverse a fifty-mile
belt of deep micaceous silt deposit
having numerous erosions and slides
and containing little suitable embank-
ment material (Figure 1); the feasi-

Figure 1: Aerial view of a belt of mica-
ceous silt deposit with extensive erosion in
south Tanzania. To be crossed by the
Zambia-Tanzania railroad, this belt was
studied on airphotos to determine the eco-
nomic feasibility of the project.



Figure 2b

Figure 2: Typical of many remote iron
ore fields is this one in Western Australia.
The author aided in planning the trans-
portation routes from the mining sites to
points on the coastline. In a, the iron ore
caprock shows up a darker gray than the
surrounding areas of unrelated formation.
Shown in b is a proposed route leading to
the port. Here, an evaluation of construc-
tion costs and time, road maintenance,
and port accessibility figured in the aerial
solution, which was backed up with sub-
sequent ground inspection.

bility of the entire project hinged
largely on whether or not construction
could be economically carried out in
this stretch. The belt was carefully ex-
amined on airphotos and delineated for
ground and laboratory study.

The South American Marginal
Highway on the east side of the Andes,
designed to facilitate the development
of the interiors of Colombia, Equador,
Peru, and Bolivia and engineered by
TAMS of New York, also used air-
photo interpretation techniques exten-
sively.

Routes for public transportation are
not the only means of development in
the tropical regions that are aided
by airphoto interpretation. The current
development of vast iron deposits in
western Australia provides an example
of another type of project aided by
aerial photography. Airphotos were
used there to great advantage not only
to study the iron deposits but also to
plan the transportation routes that
would connect fixed mining terminals
with proposed ports to be located
along a stretch of coast which might 14
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extend tens or hundreds of miles. Such
an open-ended problem is particularly
suitable for air study. A major mine
terminal of a route, where the extent
of iron deposit is clearly discernible,
is shown in Figure la; one of the
alternate port sites that was developed
appears in Figure 2b. In this particular
project, engineered by Raymond Inter-
national of New York, it took only
about two weeks of reconnaissance
study to determine all possible routes
which could connect the mine to poten-
tial ports within a hundred-mile radius.

From this study, a preferred route was
chosen for more detailed examination.

INVESTIGATION OF
GROUND CONDITIONS

The tropical environment has unique
soil, rock, and vegetation conditions
that offer special challenges and oppor-
tunities. An outstanding feature is the
development of laterite and related
soils, which are generally satisfactory
as engineering materials but provide
little support for agriculture. Airphoto

Figure 3: In a, infrared black and white
photography points out both vegetation
with high water content and drainage pat-
terns by darker exposure elements. This
illustration is of a forested area in Costa
Rica. An oblique photo taken a few hun-
dred feet above the ground is shown in b.
Low aerial photography enables soil con-
ditions to be determined by an examina-
tion of the trees and other vegetation pres-
ent. This photo was taken from a tropical
New Guinea forest.

interpretation has made good progress
in the delineation of such soil areas.
The interpretation of tropical limestone
formations is important because karst
and related solution features present
special engineering problems. Investi-
gations of coral formations in the search
for aggregates and of vegetation and
forestry for the evaluation of natural
resources are also heavily dependent
on airphoto interpretation.

While the airphoto investigation of
conditions unique to the tropics offers
special challenges, it also encounters



Above right: One of the major man-made
water routes of the world is the Panama
Canal. Although it was constructed over
a half century ago, the landforms exposed
by its construction are continually chang-
ing. Aerial photography is now employed
in a continuing study of the natural effects
of erosion. In this photograph, major
landslides are indicated by the white ar-
rows.

Right: In Kowloon, Hong Kong, urban
development is constrained by the deep
weathering in the granite hills comprising
marginal land around the metropolitan
center. With aerial photography, special
features of these hills can be inventoried
and subsequently considered in leveling
and construction projects. 16



special problems, most of which are
related to the high humidity in many
areas. The use of infrared films to
penetrate light haze and of wide-angle
lens cameras to enable low-altitude but
large-scale photos has proved success-
ful in some projects. Yet some of the
wettest areas in the tropics continue to
defy successful photography; the
recently well-publicized radar maps,
such as that of Panama by the United
States Geological Survey, have been
used as partial substitutes for photo-
maps where cloud covers prevent
successful photo missions.

Forested areas in the tropics present
another difficult problem both in
topographic mapping and in the inter-
pretation of ground characteristics. The
use of lasers to penetrate very dense
forests in topographic mapping has not
yet been successful, but it holds prom-
ise. Traditionally, small-scale but good
quality photographs have been used
to gain a good perspective of the land-
forms under blanket covers of trees.

WNRE of Chestertown, Maryland,
tackled this problem from another
angle by photographing low to study
the forest in great detail. They recently
completed an initial study in Costa Rica
for the United States Department of
Defense. Employing airphotos of
various types, they attempted an
ecologic study to correlate the com-
plexity of the tropical forest with pre-
vailing climate and ground conditions
(Figure 3). The road ahead is long
before forest-covered soils can be
interpreted directly by airphotos;
however, it should be obvious that
without airphoto assistance ground
investigations in the tropics in general
and in tropical forests in particular

17 would be much more difficult.

FUTURE PROSPECTS

Research pertaining to air investiga-
tion of the tropics is moving at a rapid
rate. For example, the Cornell Aero-
nautical Laboratory at Buffalo, New
York, in a research project for the
government, is flying various types of
photographic equipment and other
sensors over selected areas of varying
ground conditions in Puerto Rico. This
exploration is aimed at accumulating
knowledge that can be applied to
comparable tropical lands in other
parts of the world. Ground data are
being collected simultaneously.

Other organizations are working on
automation and semiautomation of
data processing and mapping to handle
large numbers of photographs and
imageries.

With conventional black and white
photography as the basic tool, supple-
mented by infrared photos, color and
infrared color photos, specialized
spectral photos, and other remote sens-
ing imageries including infrared thermal
and radar maps, there is little doubt
that engineers, working closely with
colleagues from other professions, will
be able to contribute more effectively
in the future to the full development of
the tropics.

Ta Liang is professor of geotechnical
engineering at Cornell. He was awarded
the Bachelor of Engineering degree from
Tsing Hua University in Peking in 1937
and the Master of Civil Engineering and
Doctor of Philosophy degrees from Cor-
nell in 1948 and 1952, respectively.

He has been a consultant in engineer-
ing and airphoto projects in the United
States, Canada, the Arctic, Puerto Rico,

Central and South America, the Middle
East, western Australia, and west, east,
and central Africa.

During World War 11, Professor Liang
was a senior engineer in the United States
armed forces in the China-Burma-India
Theater, where he supervised the design
and construction of roads, airports, and
housing facilities. He was awarded the
United States War Department's Merito-
rious Civilian Service Emblem in 1945.

From 1950 to 1954, he was a research
associate in civil engineering at Cornell,
studying soils and engaged in aerial
photography projects. From 1955 to
1957, he was senior soils and foundation
engineer for Tippetts-Abbett-McCarthy-
Stratton of New York City. Professor
Liang was director of the Tropical Soils
Airphoto Research Project at Cornell
from 1961 to 1965. Sponsored by the Air
Force Cambridge Research Laboratories,
the project undertook to make field inves-
tigations in Australia, Southeast and
South Asia, the Caribbean area, tropical
Africa, Central America, and northern
South America.

Professor Liang lists as his profes-
sional societies the American Society of
Photogrammetry, the Highway Research
Board, and the Clay Minerals Society. He
is also a member of Sigma Xi.



PHOTOGRAMMETRY
Recent Developments and Applications

By Arthur ). McNair

Most Americans have followed the
exploits of astronauts through pictures
and marveled at the photographs of
the earth taken from satellites. Televis-
ion imagery from Tyros and Nimbus
weather satellites has given man a view
of his environment that was undreamed
of ten years ago. Imagery from the
Ranger, Surveyor, and Apollo missions
has provided more information about
the moon in the last five years than
was learned by man through all the
preceding millennia.

Photogrammetry and satellites can
be teamed to tell us more about the
earth and save us millions of dollars
a year in data gathering projects. The
United States Coast and Geodetic
Survey has a satellite triangulation pro-
gram which is nearing completion.
By photographing the passage of
satellites through the star field under
certain conditions, it is possible to
determine more precisely the positions
of camera stations on the earth. A net-
work of forty stations, well placed over
the surface of the earth, enables these
positions to be located with an accuracy
of two or three parts in 10(i. Observa-

tions to establish a world-wide net-
work are expected to be completed by
1970. Thus, for the first time man will
be able to hold the earth in his fingers
—at some forty points—and to meas-
ure its size and the relation of islands
and continental masses with respect to
one another.

ORIGINS OF
PHOTOGRAMMETRY

Photogrammetry is derived from the
Greek words photos, meaning "light,"
gramma, signifying "that which is drawn
or written," and metron, meaning "to
measure." The root sense of the word,
therefore, is to measure graphically by
means of light. As will be pointed out
later, the radiations we know as light
emanate from a very narrow portion of
the electromagnetic spectrum. Waves
emanating from other parts of the spec-
trum can be made to follow the same
principles as light. Researchers are now
learning how to apply the principles of
photogrammetry to determine the di-
mensions and other characteristics of
objects in question using many parts of
the electromagnetic spectrum.

As early as the period 1906 to 1908,
photogrammetry was introduced at
Cornell. The occasion was the survey of
the border between Canada and Alaska.
Professor O. M. Leland, head of the
Surveying Department, and Professor
S. L. Boothroyd used terrestrial cam-
eras to make a permanent record of the
boundary line and to aid them in map-
ping the boundary over extremely rug-
ged, mountainous terrain.
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For many reasons—the inaccuracy
of the camera lens, the instability of the
photographic film, and problems with
other parts of the photogrammetric sys-
tem—photogrammetry fell into disuse
as a surveying technique for thirty
years. Interest was revived when the
American Society of Photogrammetry
was founded in 1934. And as is now
well known, photogrammetry was
widely employed during World War II
as a reconnaissance tool for identifying
features and determining their sizes,
shapes, and positions, especially for
mapping.

EARTH MAPPING FROM
SATELLITE PHOTOGRAPHY

Mapping is a basic prerequisite for
sound planning in the uses of natural
resources, whether they be minerals,

Above left: Professor McNair and a grad-
uate student in the Department of Geo-
technical Engineering use the photo-
grammetric method for property evalua-
tion. From airphotos of cities, it is possi-
ble to plot with accuracy the measure-
ments of buildings and properties for ap-
praisal or assessment purposes.

Quality

Adequate
Requires
Revision
Inadequate
Nonexistent

Adequate
Inadequate
Nonexistent

*Data compiled

Table 1. World-Wide and United States Map Coverage*

Small Scale: Medium Scale:
1:600,000 1:75,000

and Smaller to 1:600,000
(Percent) (Percent)

World Map Coverage
— 15

30 5
70 40
— 40

United States Map Coverage
100 96
— 4
— —

Large Scale:
1:75,000

and Larger
(Percent)

5 \
>

5 )
10
80

64
4
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by the Army Map Service and excludes Antarctica.

Remarks

Principally
United States
and Europe

soils, forests, crops, or water. The map-
ping task is woefully incomplete both
on a world-wide basis and for the
United States alone. At the present rate,
it can never be completed. The status of
compiled maps is indicated in Table 1.

Most common small-scale maps are,
like the International Map of the World
(IMW), at a scale of 1:1,000,000, and
are suitable only for broad regional
representation and planning. The most
common medium-scale map in the
United States is the 1:250,000 map. In
1967, the mapping of the United States

at this scale was finally completed. As
man and nature mold the earth to their
purposes, however, maps become obso-
lete, and revision is continually neces-
sary. The current cycle of revision in
the United States is from five to twenty-
five years, with a new map being ap-
proximately three years out of date on
the day it is published. Unfortunately,
it is where maps are most difficult to
compile and become obsolete most
rapidly that they are needed most ur-
gently.

Engineers, land planners, geologists.



Table

Map Scale

1:1,000,000

1:250,000

1:100,000

1:50,000

1:25,000

*Standard Error

2. United States

S.E.*
Position
(meters)

300

75

30

15

7.5

Map Accuracy

Ground
Resolution

(meters)

50

12.5

5.5

2.5

1.3

Requirements

Contour
Interval
(meters)

500

100

50

25

10

S.E.
Elevation
(meters)

150

30

15

8
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agronomists, foresters, and other map-
users need so-called large-scale maps.
In general, the largest-scale map pub-
lished by United States government
agencies for public distribution is the
1:24,000 or 1 inch to 2,000 feet quad-
rangle map of the United States Geo-
logical Survey. About two-thirds of the
United States has been mapped at this
scale, but approximately half of that is
obsolete. For one-third of the United
States no maps exist at a scale larger
than approximately 1 inch to 4 miles.
In many countries of Europe and other
heavily populated areas, large portions
of the country are mapped at scales of
1:5,000 and are revised annually. Such
maps are at nearly five times the scale
or twenty-five times the detail of United
States maps.

The use of the artificial satellite as a
camera-carrying vehicle is expected to
provide a quantum jump in mapping
capability. Mapping from satellites
should provide as much improvement
over mapping from aircraft as the latter
provided over classical ground survey
methods. To date, all the photography
returned to earth from National Aero-

nautics and Space Administration mis-
sions has been taken with conventional,
hand-held cameras pointed out the win-
dows of the crafts. There seems to be no
reason why a cartographic quality
camera should not be carried. Such a
camera positioned in a mount pointed
vertically at the earth would provide ten
to one hundred times the resolution
obtained from cameras now used in
space.

MAP ACCURACY
REQUIREMENTS

The normal limit of information
which the human eye can extract is
equivalent to a photographic resolution
of 10 to 20 line pairs per millimeter.
Data such as place names, political
boundaries, and detail obscured by
vegetation must be supplied by other
means. It is estimated that about 80 per-
cent of the total map information could
be extracted from cartographic quality
space photographs.

The national map accuracy standards
of the United States are given in Table
2. The numbers in this table represent
the objectives against which a space

cartographic system should be eval-
uated. Standard error position indicates
the precision with which points can be
interrelated or a distance measured on
a map at the map scales indicated. In
order to place identifiable features on a
map to the accuracy indicated, the fig-
ures in the Ground Resolution column
show the accuracy to which local
dimensions should be measured. This is
commonly at one-sixth the map preci-
sion. A fixed contour interval does not
necessarily go with a given map scale.
The character of the terrain affects the
decision. For a given contour interval
on a map it must be possible to "see"
many identifiable points with an abso-
lute accuracy better than one-third the
accuracy of the contour interval. This
is the standard error to which spot ele-
vations should be determined.

For a wide-angle cartographic cam-
era, current technology limits average
lens-film resolution to approximately
50 lines per millimeter. A standard
camera of 6-inch focal length flying at
150 miles altitude would produce
photography on which a ground resolu-
tion of about 27 meters could be identi- 20



"The use of the artificial satellite as
a camera-carrying vehicle is expected to
provide a quantum jump in mapping capability.

fied. To obtain the 12 to 15 meter reso-
lution required for maps at 1:250,000,
a frame camera of 12-inch focal length
would be required.

To produce adequate resolution for
the larger map scales with wide-angle
frame camera systems restricted to 50
lines per millimeter would require cam-
eras of extremely long focal lengths and
unreasonable film formats. For this rea-
son, consideration is given to panoramic
cameras which are capable of producing
resolution better than 150 lines per
millimeter. Such cameras have inher-
ently poor geometric fidelity, however,
and cannot satisfy the requirements for
position and elevation accuracy. They
do provide relative positions and could
be used in conjunction with standard
frame cameras, which can provide the
necessary absolute control through
methods of analytic aerotriangulation.
Some of the analytic aerotriangulation
methods currently being used were
originally researched at Cornell be-
tween 1955 and 1965. A panoramic
camera of 24-inch focal length with
a lens film resolution of 150 lines per

21 millimeter could produce about 2

meters ground resolution, adequate for
standard maps at scale 1:50,000. By
relaxing the resolution criterion
slightly, it should be possible to utilize
photography from space for maps at
scale 1:25,000.

THE MERITS OF
SATELLITE PHOTOGRAPHY

Satellite photography has four enor-
mous advantages over aircraft photog-
raphy. First, because the orbit of the
satellite is highly predictable and the
time of each camera exposure can be
recorded precisely, the resection posi-
tion of the camera exposure station can
be accurately determined. It thus serves
as a fix or ground control point in
space. Second, a photograph of the star
field can be made synchronously with
an auxiliary camera for each exposure.
Measurement of the stellar photograph
will provide the absolute angular orien-
tation of the mapping camera to a few
seconds of arc. These orientation data
provide additional auxiliary control in
every stereo model. As a result, the
errors will not accumulate when indi-
vidual photographs are assembled in a

strip or block.
Third, because the photographs are

taken at extremely high altitudes, the
number of photographs to be taken and
compiled is reduced. Fourth, for the
same reason the amount of expensive
ground control is drastically reduced.
To photograph the 3,000,000 square
miles in the conterminous United
States using a standard 6-inch mapping
camera flown at 30,000 feet requires
over 100,000 stereo pairs of photo-
graphs, the compilation of which will
take many years at the present rate of
work. Approximately 500 stereo pairs
in a 12-inch camera system flown in
a satellite would cover the same area of
the United States (see Fig. 1), and
these could be compiled in a reasonable
period of time (perhaps in one year).
Also, the 500 stereo pairs from space
photography could be compiled from
a few thousand control points (see Fig.
2) , whose verification alone, at the time
of photography, costs approximately
$300 per point, to say nothing of the
installation cost. The 100,000 stereo
pairs would require several hundred
thousand ground control points. Obvi-
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ously, if established ground control
points can be identified in the photo-
graphs for triangulation purposes, addi-
tional images can be identified in the
photographs and computed by the re-
verse process to determine the position
of new points on the ground. These
points can then be used to control map-
ping by conventional aerial photogram-
metric methods. The savings in cost
of establishing ground control would
appear to be quite large.

Space photography will apparently
provide products which are totally un-
obtainable from conventional aerial
photography. These include :

(1) A synoptic mosaic of continental
areas at scales of 1:1,000,000 or
1:500,000 (from proposed 12-
inch photography).

(2) Compiled maps for any area in the
world at a scale of 1:250,000
(from proposed 12-inch photog-
raphy).

(3) Photogrammetric control for
maps of any area in the world at a
scale of 1:24,000 by analytic
aerotriangulation methods (from
proposed 12-inch photography).

(4) Large-scale, rapid response mosa-
ics and revised maps for any selec-
ted area in the world (from pro-
posed 24-inch photography).

Study of the Gemini and Apollo hard
copy photographs which have been re-
turned from space reveals that photog-
raphy from space provides a continu-
ity which is unobtainable even from
high altitude aerial photography. This
is not surprising when one considers
that for twenty-five years photogram-
metrists using aerial photography have
been recognizing features through con-
tinuity that are unobservable to earth- 22



Figure 2
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bound surveyors. For example, the
exact route of the Oregon Trail used by
early pioneers traveling to the North-
west was reestablished in 1940 after
being lost since the early 1900s. Simi-
larly, archaeological discoveries have
been made from aerial photography,
and water pollution is under study.
Additional benefits from satellite pho-
tography include providing better in-
formation on fishing sites, providing
hydrologic data formerly unknown and
of importance in water resources stud-
ies, and providing regional information
of a geologic nature important for min-
eral resources prospecting.

Although it would seem unlikely that
measurement or mapping from space
could reveal lake currents or obtain in-
formation to improve the catch for com-
mercial fishermen, if other scientific in-
formation is coupled with a mapping
capability, these and many more possi-
bilities become feasible. From the fore-
going examples, we may say a new era
is opening in which man can be freed
from many of the limitations to which
he formerly thought he was subject. To-
day, we can examine the world's entire

land masses, ocean masses, and weather
masses on a monthly or even daily basis
if necessary. It would appear that for
the first time in history we can in the im-
mediate future complete the world map-
ping task at scales necessary for large-
scale inventory of natural resources and
for broad planning purposes. Such maps
can then form the basis for more de-
tailed maps, which can be made by
conventional methods at tremendous
savings in costs.

PHOTOGRAMMETRIC
CALIBRATION: THE ARECIBO
RADIO ASTRONOMY
TELESCOPE

There are many engineering applica-
tions of photogrammetry other than
those involved with satellite photog-
raphy. One such application is fur-
nished by the world's largest radio
astronomy telescope in Arecibo,
Puerto Rico. In 1966, it was found
necessary to recalibrate its 1,000-foot
diameter reflector surface. Some move-
ment of the reflector surface was
thought to have occurred since the tele-
scope's dedication in 1963. In addition,

"Mapping is a basic
prerequisite for
sound planning in
the uses of natural
resources..."



Figure 3a

Figure 3 a: Calibration of the reflector
surface of the Arecibo telescope was ac-
complished by methods of analytic photo-
grammetry, utilizing a super-wide-angle
camera. The photograph shown here was
taken from one of the four cardinal posi-
tions of the azimuth arm suspended ap-
proximately 435 feet above the reflector
surface, the minimum height at which the
camera could be "flown" and still provide
the required metric quality imagery. The
x, y, and z coordinates of 664 targets,
identified and measured on at least two
stereo photographs, were analyzed to de-
termine the quality of the reflector.

Figure 3b, c: Here, the results of interpo-
lating contour lines of equal deformation
around the points on the reflector area are
shown: b shows areas which definitely
need adjustment to improve the quality of
the reflected beam, especially for higher
frequencies of operation of the telescope,
and c shows areas of the reflector which
conform most clearly to the design shape.

it was found necessary to obtain better
data on the quality of the surface in
preparation for operating the instru-
ment at higher frequencies. After care-
ful evaluation of several methods of
measuring the geometric quality of the
spherical surface, we decided that
photogrammetry was the most feasible,
if not the only, method of obtaining the
required accuracy. It was by far the
cheapest method at the time.

A super-wide-angle cartographic
camera of 88 millimeter focal length
was mounted 450 feet above the reflec-

tor surface on the suspended structure
of the telescope. A set of 8 photographs
exposed from 4 different stations pro-
vided stereoscopic coverage of the
bowl. One of these photographs is re-
produced in Figure 3. Glass plates were
made from the 9-inch square "aerial"
negatives. The plates were then
measured with a stereo comparator to
provide x and y plate coordinates with
a root mean square error of ± 5 mi-
crons. A graduate student and a re-
search assistant performed most of the
control survey and other work at the 24
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site. Assistance with the photography
and with the measurement of the plate
coordinates was given by several gov-
ernmental agencies. Final analysis re-
vealed that the 672 targets on the re-
flector surface were located with a
standard error of unit length of ± 11
millimeters. Photography also made it
possible to determine how much the
suspended structure deformed and
whether or not the "platform" tilted
under various loading conditions. The
study showed that (1) large areas of
the reflector are adequate for opera-

r-15 Peep Sight Adjusted
1 Upper Cables

DISPLACEMENT FROM OPTIMUM
SPHERICAL RADIUS:

Greater Than +0.03 ft ^

Greater Than —0.03 ft ^

Between —0.03 and +0.03 ft rj

Error Contour Map of Best-Fit

92° Temperature Reflector

tion at higher transmitting and receiv-
ing frequencies, (2) certain areas of
the reflector should be adjusted (that
is, put in a geometric position in better
conformity with the theoretical spheri-
cal sector), and (3) the position of
points on the surface of the reflector
can be determined by photogrammetric
calibration with a precision better than
4 parts per 100,000. This is appar-
ently better than the present state of
the art of mechanical and structural
methods of constructing or adjusting a
surface of this size.

TERRESTRIAL
PHOTOGRAMMETRY

Additional photogrammetric equip-
ment, designed for photographing and
mapping a great variety of objects on
or near the earth's surface, has recently
been found useful for a broad spectrum
of studies at Cornell. With the assist-
ance of the National Science Founda-
tion, the University recently purchased
a Zeiss stereometric camera (SMK)
and a compatible stereoplotter called a
Terragraph, enabling new principles to
be taught to students of photogramme-
try. Very few stereometric cameras are
in use in the United States. The Terra-
graph is the first instrument of its type
to be used in this country, although
many are in use in various countries in
Europe. During the last few months,
these instruments have been used to
study the following subjects:
(1) A landslide, approximately 100 by

200 feet in dimensions, which was
encroaching on a highway.

(2) A borrow pit some 600 feet in di-
ameter and up to 30 feet in depth.
The area was contoured at one



1. The photogrammetric method has
proved useful in accident investigation
and police work. It gives an objective,
exact, complete, and rapid report of every
physical detail of an accident scene and
may be an important aid to adjudication.
Shown are a pair of photographs depicting
an accident and the diagrammatic ex-
planation of events plotted from it. {Pho-
tographs courtesy of Polizei-Technik-
Verkehr)
2 and 3: The binocular uncertainty of
depth perception increases as the square
of the distance of viewing, and the flat
renderings of objects and buildings in con-
ventional photographs make it even more
difficult to study the three-dimensional
aspects of objects. Not so with the photo-
grammetric method. Through it one can
define the precise measurements of a
model, distances to adjacent structures,
and the size and proportion of models
relative to surrounding objects. Photo-
grammetry provides a convenient and
time-saving method of documenting his-
torical monuments and works of art.
{Photographs courtesy of Carl Zeiss, In-
corporated)
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foot intervals entirely from pho-
tography, and it was determined
that terrestrial photogrammetry
was entirely suitable for timely
progress reports of yardage of
earth moved.

(3) Stereo photography of individual
persons. Precision stereo measure-
ment of individuals in their natural
conditions reveals interesting eth-
nological and medical character-
istics. The photographs are also
valuable for sculpturing.

(4) Geometric measurement of the
characteristics of turbulent flow in
a discharge with a hydraulic
jump. Definitive measurement of
the velocity and direction of indi-
vidual particles of water in turbu-
lent flow has not hitherto been
successfully accomplished.

(5) The easy, rapid determination of
the settlement of agricultural soils.
Aeration and bulking of soils is
important for successful crop rais-
ing. Photogrammetric measure-

27 ment of the surface of a soil imme-

diately after plowing and at inter-
vals throughout the season reveals
information about the total poros-
ity and surface microrelief of soils
which was formerly gathered by
tedious, back-breaking methods of
somewhat uncertain reliability. A
20-foot-square area can be con-
toured with a 5 millimeter interval.

(6) Lake shoreline inundation and
damage caused by flooding. These
have been documented for a per-
manent record.

FURTHER POSSIBILITIES OF
PHOTOGRAMMETRY

Students, faculty, and staff of the De-
partment of Geotechnical Engineering
at Cornell expect to make photogram-
metric studies in the next few months
in the areas of architectural detailing,
structural deformations, documenta-
tion and preservation of historical
monuments, and geologic and mining
surveys. They will also study that area
for which the photogrammetric camera
was originally designed in Europe,

namely, accident investigation. They
are planning to use the camera for eval-
uation of traffic conditions on highways
and problems at intersections as well as
for the documentation of facts which,
although evident at the site of an acci-
dent, are often dimmed or changed in
the minds of witnesses, or lost, by the
time of a hearing.

As is evident, photogrammetry has
varied and changeable applications. It
provides for the truly interdisciplinary
study of the earth's natural resources
through mapping from the ground,
from the air, and from space. It also
provides timely information at great
savings in cost for large-scale projects
involved with the manipulation of these
resources.

The new horizons for photogramme-
try extend from the infinitesimal to the
infinite. In true engineering fashion, the
attention of photogrammetrists is being
directed not only to exploring these new
horizons but also to performing existing
tasks more precisely, more quickly, and
more economically.



Above right: Professor McNair was pho-
tographed in 1962 with the Wild C-12
stereometric camera. A screen placed be-
hind him and the control spots which
were attached to his face above his eye-
brows and on his chin provided some con-
trol in focusing the two cameras. From
photographs representing a left- and right-
eye view of the front of his head, it was
possible to "plot" the exact positioning
of Professor McNair's features.

The Wild A-4 stereoplotter used in this
exercise is similar to the stereoplotter used
in map making. The operator traces the
contours of the subject's face exactly as he
would trace the contours of the land.
Exactitude is guaranteed because the plot-
ting instrument has a measuring mark
which helps the operator determine dif-
ferences in depth, thus giving as close to a
three-dimensional view as possible to
those interested in sculpturing from the
face map.

Arthur J. McNair is completing his
twentieth year of association with Cornell
as a professor of geotechnical engineer-
ing. A native of Leadville, Colorado, he
was graduated with honors from the Uni-
versity of Colorado in 1934, receiving the
Bachelor of Science degree. In 1935 he
earned his Master of Science degree, and
in 1945 the professional degree Civil
Engineer, both from the University of
Colorado.

From 1935 to 1949 Professor McNair
was a faculty member in civil engineer-
ing at Colorado, where he introduced
that university's first courses in photo-
grammetry in 1938. While there, he dis-
covered and named the two highest bodies
of water in the United States, both of
which are located in the Colorado
Rockies.

Since joining the faculty at Cornell,
Professor McNair has been a visiting pro-
fessor at the University of California at
Berkeley {summer 1958) and a National
Science Foundation science faculty fel-
low at the Institution for Geodesy, Royal
Institute of Technology, Stockholm, Swe-
den (1962-63). He has lectured in sev-
eral short courses at Cornell, the Massa-
chusetts Institute of Technology, the

University of Alberta, and the Interna-
tional Business Machines Corporation
Research Laboratories.

Professor McNair has served as a con-
sultant for a number of clients. Among
them are American Metals Climax, Cor-
nell Aeronautical Laboratory, Fairchild
Camera and Instruments Company, Gen-
eral Electric Company, Humphreys Phos-
phate Company, International Business
Machines Corporation, Leadville Lead
Corporation, National Aeronautics and
Space Administration, and San Juan Ex-
ploration Company.

Professor McNair is a member of the
American Society of Civil Engineers, the
American Society for Engineering Educa-
tion, the American Society of Photo-
grammetry, the American Congress on
Surveying and Mapping, and the Inter-
national Society of Photogrammetry. He
has held numerous committee positions
and chairmanships in each of these or-
ganizations and was president of the
American Society of Photogrammetry in
1961—62. He is also a member of Sigma
Xi, Tau Beta Pi, Chi Epsilon, and the
American Association for the Advance-
ment of Science.

Professor McNair is a registered engi-
neer in the state of Colorado. 28



REGISTER

The J. Carlton Ward Jr. Laboratory of Nuclear Engineering
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On behalf of the University trustees,
provost Dale R. Corson renamed the
nuclear reactor laboratory at Cornell
the J. Carlton Ward Jr. Laboratory of
Nuclear Engineering. At a dinner given
in his honor at the fall meeting of the
Engineering College Council, Mr. Ward
was saluted for his twelve years' service
as chairman of the Council and his
continuous association with the Council
since 1940. The salutes came from two
former deans of the College, S. C.
Hollister and Dale R. Corson, and the
present dean, Andrew Schultz, Jr. Mr.
Ward, who received the degree of
Mechanical Engineer from Cornell in
1914, has also served the University as
a trustee, from 1948 to 1953, and is
at present a member of the Cornell
University Council.

The Engineering College Council,
from which Mr. Ward retired as chair-
man in 1968, is an advisory body to
the University's Board of Trustees on
matters relating to the College of
Engineering. It currently consists of
eighteen members who are appointed
by the Board of Trustees on the recom-
mendation of the dean of the College

of Engineering. The Council holds
two-day meetings in the fall and spring
of each year to discuss and review
current and proposed College activities.

Since Mr. Ward has been a member
of the Council, the College has moved
into the twelve buildings that constitute
the Engineering Quadrangle. The re-
actor laboratory which bears his name
was first proposed in 1956 by the Engi-
neering College Council, and it opened
in 1961. It houses three major experi-
mental facilities: a TRIGA open pool
reactor, which can be operated at steady

power levels up to 100 kilowatts; a low
power reactor (called the Zero Power
Reactor) for basic studies in reactor
physics; and a shielded cell for high
intensity gamma irradiation studies.

J. Carlton Ward, Jr., has had a long
and vigorous career. Before retiring as
chairman of the board of the Vitro
Corporation of America in 1961, he
was chairman of the board of Thompson
Industries, Incorporated, from 1950 to
1953; president and chairman of the
board of Fairchild Engine and Airplane
Corporation from 1940 to 1948 and



1948 to 1949, respectively; and direc-
tor of the Pratt and Whitney Aircraft
Division of the United Aircraft Corpo-
ration from 1935 to 1940.

In 1967 the Department of Defense
awarded Mr. Ward the Distinguished
Public Service Medal for his nine years'
service as chairman of the board of
advisers of the Industrial College of the
Armed Forces.

Although he has retired from his po-
sition as chairman of the Cornell Engi-
neering College Council, Mr. Ward will
continue as a member of it.

Above: Shown in working session are
some of the members of the Engineering
College Council. It consists of eighteen
members: Alexander M. Beebee, Roches-
ter Gas and Electric Corporation; Arthur
M. Bueche, General Electric Company;
George F. Carrier, Harvard University;
John M. Clark, E. I. du Pont de Nemours
and Company, Incorporated; Robert A.
Cowie, C & M Auto Spring Company,
Incorporated; Herbert Dow Doan, Dow
Chemical Company; Jerrier A. Haddad,
International Business Machines Corpora-
tion; James Hillier, Radio Corporation of
America; S. C. Hollister {retired), Cor-

nell University; D. Brainerd Holmes, Ray-
theon Company; Frederick G. Jaicks,
Inland Steel Company; Charles W. Lake,
Jr., R. R. Donnelley and Sons Company;
Ira G. Ross, Cornell Aeronautical Labora-
tories, Incorporated; Dudley M. Schoales,
Morgan, Stanley and Company; Philip
Sporn, consulting engineer {retired)
American Electric Power Company, In-
corporated; Winfield W. Tyler, Xerox
Corporation; J. Carlton Ward, Jr. {re-
tired), Vitro Corporation of America;
Wallace Wilson, General Motors Corpo-
ration; Theodore P. Wright {retired),
Cornell University. 30
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1. Three deans of engineering at Cornell
helped to honor retiring chairman of the
Engineering College Council, J. Carlton
Ward, Jr., at a dinner party given in No-
vember 1968. From left to right are
Andrew Schultz, Jr., Mr. Ward, and for-
mer deans S. Cady Hollister and Dale R.
C orson.

2. Charles W. Lake, Jr., president of R. R.
Donnelley and Sons Company and the
newly elected chairman of the Engineer-
ing College Council, presents Mr. Ward
with a plaque bearing the signatures of
members of the Council.



FACULTY

PUBLICATIONS

The following publications and conference
papers by faculty members and graduate
students of the Cornell College of
Engineering were published or presented
during August, September, and October
1968. The names of Cornell personnel
are in italics.

• AEROSPACE ENGINEERING
Tang, J. Y. T., and Seebass, R., "The
Effect of Tensor Conductivity on Con-
tinuum Magnetogasdynamic Flows,"
Quarterly of Applied Mathematics,
26:3 (Oct. 1968), 311-21.

Turcotte, D. L., and Ong, R. S. B.,
"The Structure and Propagation of Ion-
izing Wave Fronts," Journal of Plasma
Physics, Vol. 2, Part 2 (June 1968),
pp.145-55.

• AGRICULTURAL
ENGINEERING

Loehr, R. C, "Anaerobic Lagoons—
Considerations in Design and Applica-
tions," Transactions of the ASAE, 11
(1968), 320-22.

Loehr, R. C, "Implications of Water
Pollution Control Legislation," pre-
sented at the Annual Meeting of the
North Atlantic Region of the ASAE,
Storrs, Conn., Aug. 1968.

Loehr, R. C, "Specifying and Evaluat-
ing Aeration Equipment," Journal of
the Sanitary Engineering Division,
ASCE, 94:SA4 (Aug. 1968), 744-46.

Ludington, D. C, "Guidelines for
Solutions to Waste Disposal," presented
at the International Poultry Industry
Exposition, Chicago, Sept. 1968 (spon-
sored by the Illinois Poultry Industry
Manufacturers' Council).

Ludington, D. C, "Sizing Condensing
Units for Farm Bulk Milk Cooling
Systems," presented at the 45th Annual
Conference of the New York State
Association of Milk and Food Sanitari-
ans, Syracuse, Sept. 1968.

Spencer, J. W., "Bleeding of Bitumin-
ous Surfacings," presented at the 130th
Annual Conference of the New York
State Association of Town Superinten-
dents of Highways, Liberty, N. Y.,
Sept. 1968.

• APPLIED PHYSICS
Burns, S. J., "Transverse Fracture
Markings Generated by Unsteady
Cleavage Velocities," Philosophical
Magazine, 18 (Sept. 1968), 625-35.

Kawakatsu, H., Plomp, F. H., and
Siegel, B. M., "Imaging Properties of
a High Resolution Superconducting

Objective Lens," Proceedings of the
Fourth European Regional Conference
on Electron Microscopy (Sept. 1968),
pp.193 ff.

Kuscer, I. "Spectra of Decay Constants
in Neutron Thermalization," presented
at the 7th AMU-ANL Faculty-Student
Conference, Argonne National Labora-
tory, Argonne, 111., Aug. 1968.

Leonhardt, R., and Fleischmann, H. H.,
"Pull-in Range of Phase-Lock Circuits
with Arbitrary Feedback Filter," Radio
and Electronic Engineer, 36 (Aug.
1968), 101-10.

Montagu-Pollock, H. M., Rhodin,
T. N., and Southon, M. J., "Some Prop-
erties of Thin Metal Films Observed by
Field-Ion and Field Emission Micros-
copy," Surface Science, 12 (Sept.
1968), 1-18.

Plomp, F. H., Veneklasen, L., and
Siegel, B. M., "Development of a Field
Emission Electron Source for an Elec-
tron Microscope," Proceedings of the
Fourth European Regional Conference
on Electron Microscopy (Sept. 1968),
pp.141 ff.

Siegel, B. M., and Hertel, R. J., "Direct
Electron Optical Imaging with Integra-
ting Electronic Read-Out," Proceed-
ings of the Fourth European Regional 32



Conference on Electron Microscopy
(Sept. 1968), pp. 219 ff.

Silcox, J., and Wade, R. M., "Small
Angle Scattering from Vacuum Con-
densed Films," Proceedings of the
Twenty-sixth Annual Conference of the
Electron Microscopy Society of Amer-
ica (Sept. 1968), pp. 380-81.

Srivastara, O. N., and Silcox, J., "Dis-
location Climb in Gadolinium due
to Thermal Diffusion," Philosophical
Magazine, 18 (Sept. 1968), 503-18.

• CHEMICAL ENGINEERING

Brodsky, P. H., Cocks, G. G., and
Winding, C. C, "Phase Structure in
Blends of Incompatible Polymers,"
Proceedings of the Twenty-sixth Annual
Conference of the Electron Microscopy
Society of America (Sept. 1968), pp.
416ff.

Cocks, G. G., "The Structure of Poly
(ethylene oxide) Gels," presented at
the Conference on Crystal Growth in
Gels, Pennsylvania State University,
University Park, Oct. 1968 (sponsored
by the Materials Research Laboratory
of Pennsylvania State University).

Edwards, V. H., "Separation Tech-
niques for the Recovery of Materials

33 from Aqueous Solutions," presented at

the 3rd International Fermentation
Symposium, Rutgers University, New
Brunswick, N. J., Sept. 1968 (spon-
sored by the International Union of
Pure and Applied Chemistry and the
American Chemical Society).

Finn, R. K., "Shear Rates as a Basis
for Scale-Up," presented at the 3rd In-
ternational Fermentation Symposium,
Rutgers University, New Brunswick,
N. J., Sept. 1968 (sponsored by the
International Union of Pure and Ap-
plied Chemistry and the American
Chemical Society).

Fruh, S. M., and Rodriguez, F., "Re-
coverable Shear Measurements in a
Parallel Plate Rheometer," presented at
the American Chemical Society Divi-
sion of Polymer Chemistry Conference,
Atlantic City, Sept. 1968.

McGregor, W. C, and Finn, R. K.,
"Factors Affecting the Flocculation of
Bacteria by Chemical Additives," pre-
sented at the 3rd International Fermen-
tation Symposium, Rutgers University,
New Brunswick, N.J., Sept. 1968
(sponsored by the International Union
of Pure and Applied Chemistry and the
American Chemical Society).

Rodriguez, F., "Progress in Gelation of
Dilute Poly (ethylene oxide) Solutions
by Gamma Radiation," presented at the

Conference on Crystal Growth in Gels,
Pennsylvania State University, Univer-
sity Park, Oct. 1968 (sponsored by the
Materials Research Laboratory of
Pennsylvania State University).

Rodriguez, F., "Simple Models for
Polymer Stereochemistry," Journal of
Chemical Education, 45:8 (Aug.
1968), 507-10.

Van Brederode, R. A., Rodriguez, F.,
and Cocks, G. G., "Crosslinking Poly
(ethyleneoxide) in Dilute Solutions by
Gamma Rays," Journal of Applied
Polymer Science, 12 (Oct. 1968), 2097
-104.

• CIVIL ENGINEERING

Brutsaert, W'., "The Adaptability of an
Exact Solution to Horizontal Infiltra-
tion," Water Resources Research, 4:4
(Aug. 1968), 785-89.

Brutsaert, W., "A Solution for Vertical
Infiltration into a Dry Porous Me-
dium," Water Resources Research, 4:5
(Oct. 1968), 1031-38.

Brutsaert, W'., and Yu, S. L., "Mass
Transfer Aspects of Pan Evaporation,"
Journal of Applied Meteorology, 7:4
(Aug. 1968), 563-66.

Esrig, M. I., "Consolidation under
Electrical-Pressure Gradients," Journal



of the Soil Mechanics and Foundations
Division, ASCE, 94:SM5 (Sept. 1968),
1196-98.

Gallagher, R. H., and Yang, H. T-Y.,
"Elastic Instability Predictions for
Doubly-Curved Shells," presented at
the 2nd Air Force Conference on Ma-
trix Methods in Structural Mechanics,
Air Force Institute of Technology, Day-
ton, Oct. 1968.

Liggett, J. A., "Mathematical Flow De-
termination in Open Channels," Jour-
nal of the Engineering Mechanics Divis-
ion, ASCE, 94:EM4 (Aug. 1968),
947-63.

Nilson, A. H., "Metal Deck Folded
Plates," presented at the Annual Meet-
ing of the ASCE, Pittsburgh, Sept.
1968.

Nilson, A. H., "Non-Linear Analysis of
Reinforced Concrete by the Finite Ele-
ment Method," Journal of the Ameri-
can Concrete Institute, 65:9 (Sept.
1968), 757-66.

Slate, F. O., and Meyers, B. L.,
"Deformations of Plain Concrete," pre-
sented at the 5th International Sym-
posium on the Chemistry of Cement,
Tokyo, Oct. 1968.

• COMPUTER SCIENCE

Brown, K. M., "Computational Results
for High Order Newton-Like Methods
Which Do Not Require Derivative
Evaluations," presented at the SIAM
Fall Meeting, Philadelphia, Oct. 1968.

Hopcroft, J. E., Aho, A. V., and Ull-
man, J. D., "A Recognition Algorithm
for Pushdown Store Systems," Pro-
ceedings of the 1968 ACM National
Conference (Aug. 1968), pp. 597-604.

Hopcroft, J. E., and Greibach, S.,
"Scattered Context Grammars," IFIP
Congress—68 (North Holland Publish-
ing Co., Aug. 1968),pp.A131-34.

Salton, G., "Search and Retrieval Ex-
periments in Real-Time Information
Retrieval," IFIP Congress—68 (North
Holland Publishing Co., Aug. 1968).

Salton, G., "The Use of Standardized
Documentary Data in Automatic Infor-
mation Dissemination," IEEE Transac-
tions on Engineering Writing and
Speech, Vol. EWS-11, No. 2 (Aug.
1968),pp. 101-10.

• ELECTRICAL ENGINEERING

Allen, R., and Pottle, C, "Stable In-
tegration Methods for Electronic Cir-
cuit Analysis with Widely Separated
Time Constants," Proceedings of the
Sixth Allerton Conference on Circuit
and System Theory (Oct. 1968),
pp. 311-20.

Barnoski, M. K., and Ballantyne, J. M.,
"Temperature Dependent Vibrational
Modes in Sodium Nitrite," Physical Re-
view, 174 (Oct. 1968), 946-52.

Clemmow, P. C, and Ott. E., "Reflec-
tion of Waves at an Interface in a
Streaming Plasma," Journal of Plasma
Physics, Vol. 2, Part 3 (Aug. 1968),
pp.381-93.

Curry, R. E., "A New Algorithm for
Suboptimal Stochastic Control," Pro-
ceedings of the Sixth Annual Allerton
Conference, on Circuit and System
Theory (Oct. 1968), pp. 418-25.

Edgerton, R. F., "Simple Measuring
Technique for Small Relative Velocity
Changes of GH2 Acoustic Waves at
Low Temperatures," presented at the
Ultrasonic Symposium of the IEEE,
New York, Sept. 1968

Hocker, G. B., and Tang, C. L., "Ob-
servation of the Optical Transient Nuta-
tion Effect," Physical Review Letters,
21:9 (Aug. 1968), 591-94.

Hoefflinger, B., "Recent Developments
on Avalanche Diode Oscillators," pre-
sented at the 7th International Confer-
ence on Microwave and Optical Gen-
eration and Amplification, Hamburg,
Germany, Sept. 1968 (sponsored by
the IEEE).

Jeppsson, B., Jeppesen, P., and East-
man, L. F., "High Power Hybrid Mode
Oscillations in GaAs," presented at the
7th International Conference on Micro-
wave and Optical Generation and Am-
plification, Hamburg, Germany, Sept.
1968 (sponsored by the IEEE).

Jeppsson, B., Kennedy, W. K., Jr., and
Eastman, L. F., "Pulse Power from
LSA Devices at Centimeter through
Millimeter Wavelengths," presented at
the 7th International Conference on
Microwave and Optical Generation and
Amplification, Hamburg, Germany,
Sept. 1968 (sponsored by the IEEE).

Leon, B. J., Lumped Systems (New
York: Holt, Rinehart, and Winston,
Inc., Sept. 1968), 223 pp.

Liboff, R. L., "Foundations of Kinetic
Equations," presented at Ames Re-
search Center, Moffett Field, Calif.,
Aug. 1968.

Liboff, R. L., and Lie, T. J., "Plasma
Virial and Equations of State for a
Plasma," Physics of Fluids, 11:9 (Sept.
1968), 1943-50.

Long, S. I., Jeppsson, B., and Johnson,
E., "Solution Regrowth Epitaxial Gal-
lium Arsenide for Gunn, Hybrid, and
LSA Devices," presented at the 7th
International Conference on Microwave
and Optical Generation and Amplifica-
tion, Hamburg, Germany, Sept. 1968
(sponsored by the IEEE).

Mclsaac, P. R., "Spiraling Electron
Beam Interaction with Fast Wave Cir-
cuits," presented at the 7th Interna- 34



tional Conference on Microwave and
Optical Generation and Amplification,
Hamburg, Germany, Sept. 1968 (spon-
sored by the IEEE).
Monroe, J., and Briggs, F., "Experi-
mental Investigations of Hybrid Mode
Operation in Oversized Gunn Effect
Devices," presented at the IEEE Inter-
national Electron Devices Meeting,
Washington, D.C., Oct. 1968.
Nocentini, A., Berk, H., and Sudan,
R. N., "Kinetic Theory of the Diocho-
tron Instability," Journal of Plasma
Physics, Vol. 2, Part 3 (Aug. 1968),
pp.311-27.
Rosenbluth, M. N., Coppi, B., and Su-
dan, R. N., "Turbulent Effects of Posi-
tive and Negative Energy Modes," pre-
sented at the 3rd International Confer-
ence on Plasma Physics and Controlled
Thermonuclear Fusion, Novosibirsk,
U.S.S.R., Aug. 1968 (sponsored by the
International Atomic Energy Agency
and the Institute of Nuclear Physics,
Novosibirsk).

Snapp, C. P., and Hoefflinger, B.,
"High Current Density Operation and
Analysis of Avalanche Transit-Time
Diodes," presented at the 7th Interna-
tional Conference on Microwave and
Optical Generation and Amplification,
Hamburg, Germany, Sept. 1968 (spon-
sored by the IEEE).

Snapp, C. P., Stark, L. A., and Hoef-
flinger, B., "Performance and Theory
of Avalanche Resonance Pumped Im-
patt Oscillators," presented at the IEEE
International Electron Devices Meeting,
Washington, D.C., Oct. 1968.

Tang, C. L., "Optical Parametric Proc-
esses," presented at the 4th U.S.S.R.
Symposium on Nonlinear Optics, Mos-
cow, Oct. 1968 (sponsored by Moscow
University and the Soviet Academy of
Sciences).

Thorp, J. S., and Levine, R. N., "Ex-
ponential Approximation with Piece-
wise Linear Error Criteria," Journal of
the Franklin Institute, 286:4 (Oct.

35 1968),308-20.

• MATERIALS SCIENCE AND
ENGINEERING

Christ, B. W., and Smith, G. V., "Ef-
fects of Impurities on Yield and Flow
Strength of Iron," Memoires Scienti-
fiques de la Revue de Metallurgie, 65
(June 1968), 207-23.

Feingold, A. H., and Li, C.Y., "Experi-
mental Verification of Mass Transport
Analysis for Ostwald Ripening and Re-
lated Phenomena," Ada Metallurgica,
16:9 (Sept. 1968), 1101-4.

Jenkins, C. F., and Smith, G. V., "Ser-
rated Plastic Flow in Austenitic Stain-
less Steel," presented at the AIME
Symposium on New Developments in
Stainless Steel, Detroit, Oct. 1968.

Kranglein, H. H., Burton, M. S., and
Smith, G. V., "Preparation and Proper-
ties of Iron Single Crystals," Memoires
Scientifiques de la Revue de Metall-
urgie, 65 (June 1968), 362-68.

Mould, P. R., and Smith, G. V., "Strain
Aging and Recovery Behavior of Fe-Cr
and Fe-Mo Alloys," Memoires Scienti-
fiques de la Revue de Metallurgie, 65
(June 1968), 271-74.

Sonon, D. E., and Smith, G. V., Ef-
fect of Grain Size and Temperature on
the Strengthening of Nickel and Nickel-
Cobalt Alloys by Carbon," Transac-
tions of the AIME, 242 (Aug. 1968),
1527 ff.

• OPERATIONS RESEARCH

Ben-Israel, A., Charnes, A., and Kor-
tanek, K. O., "On Asymptotic Duality
and Intersections of Cones and Sub-
spaces," presented at the 73rd Summer
Meeting of the American Mathematical
Society, University of Wisconsin, Madi-
son, Aug. 1968.

Byrne, R. F., Charnes, A., and Kor-
tanek, K. O., "A Discrete Probability
Chance-Constrained Capital Budgeting
Model," presented at the Institute of
Management Sciences 15th Interna-
tional Meeting, Cleveland, Sept. 1968.

Kortanek, K. O., "Book Review of
Mathematical Programming for Busi-
ness and Industry, by K. Brian Haley,"
Journal of Business (University of Chi-
cago), 41:4 (Oct. 1968), 514-15.

Stidham, S., Jr., "Static Decision Mod-
els for Queuing Systems with Non-Lin-
ear Waiting Costs," Ph.D. Disserta-
tion, Dept. of Operations Research,
Stanford University, Aug. 1968.

• THEORETICAL AND
APPLIED MECHANICS

Alfriend, K. T., and Rand, R. H., "The
Stability of the Triangular Points in the
Elliptic Restricted Problem of Three
Bodies," AAS Technical Paper No.
68-090, presented at the AIAA/AAS
Astrodynamics Specialist Conference,
Jackson, Wyo., Sept. 1968.

Boley, B. A., "Melting of a Slab under
Space and Time Dependent Heating,"
presented at the International Confer-
ence of Applied Mechanics, Stanford
University, Stanford, Calif., Aug. 1968.

Boley, B. A., and Hetnarski, R. B.,
"Propagation of Discontinuities in Cou-
pled Thermoelastic Problems," Journal
of Applied Mechanics, 35 (Sept.
1968),489-94.

Burns, J. A., "Radiostrahlung and Jupi-
termonde," UMSCHAU in Wissens-
chaft and Technik, 17 (Aug. 1968),
537 ff.

Conway, H. D., and Farnham, K. A.,
"The Relationship between Load and
Penetration for a Rigid, Flat-Ended
Punch of Arbitrary Cross-Section," In-
ternational Journal of Engineering
Science, 6 (Sept. 1968), 489-96.

Conway, H. D., and Farnham, K. A.,
"The Shrink Fit of a Flexible Sleeve on
a Shaft," International Journal of Me-
chanical Science, 10 (Oct. 1968), 757-
64.

Rand, R. H., "Torsional Vibrations of
Elastic Prolate Spheroids," Journal of
the Acoustical Society, 44:3 (Sept.
1968), 749-51.



The following publications and conference
papers by faculty members and graduate
students of the Cornell College of
Engineering were published or presented
during November and December 1968,
and January 1969. The names of Cornell
personnel are in italics.

• AGRICULTURAL
ENGINEERING

Burman, R. D., and Black, R. D., "The
Inference of Intake and Hydraulic
Roughness Parameters from Plot Run-
off Using Kinematic Wave Theory,"
presented at the ASAE Winter Meeting,
Chicago, Dec 1968.

Loehr, R. C, "Anaerobic Treatment of
Animal Wastes," presented at the Con-
ference on Animal Feedlot Manage-
ment, University of Missouri, Colum-
bia, Nov. 1968.

Loehr, R. C, "The Challenge of Ani-
mal Waste Management," presented at
the Animal Waste Management Con-
ference, Syracuse, Jan. 1969.

Loehr, R. C, "An Overview—Wastes
from Confined Animal Production Fa-
cilities—the Problem and Pollution Po-
tential," presented at the Conference
on Animal Feedlot Management, Un-
iversity of Missouri, Columbia, Nov.
1968.

Loehr, R. C, "Pollution from Con-
fined Animal Production Facilities,"
presented at the Annual Convention of
the' Ontario Soil and Crop Improve-
ment Association, Toronto, Jan. 1969.

Loehr, R. C, "Treatment of Wastes
from Beef Cattle Feedlots—Field Re-
sults," presented at the Animal Waste
Management Conference, Syracuse,
Jan. 1969.

Loehr, R. C, and Roth, J. C, "Aero-
bic Degradation of Long-Chain Fatty
Acid Salts," Journal of the Water Pol-
lution Control Federation, 40 (Nov.
1968),R385-R403.

Rehkugler, G. E., "Computer Simula-
tion of Automatic Control of Combine
Header," Food and Life Sciences, 2:1
(Jan. 1969),9-11.

Rehkugler, G. E., "Dynamic Analysis
of Automatic Control of Combine
Header Height," presented at the
ASAE Winter Meeting, Chicago, Dec.
1968.

Spencer, J. W., Types and Characteris-
tics oj Bituminous Materials: A "Pro-
grammed Learning" Text for Highway
Superintendents (Ithaca, N.Y.: Cor-
nell University, Dept. of Agricultural
Engineering), Jan. 1969.

• APPLIED PHYSICS

Byer, N., and Sack, H. S., "Ultrasonic
Velocity and Attenuation in Alkali
Halides Containing CN~. Part I: Ex-
perimental. Part II: Theory," Physica
Status Solidi, 30 (1968), 569 ff.

Hartman, P. L., "New Measurements of
the Fluorescence Efficiency of Air under
Electron Bombardment," Planetary and
Space Science, 16 (Nov. 1968), 1315
ff.

Kuscer, I., "On the Concept of the
Transport Mean Path as Applied to
Diffusion in Classical Fluids," presented
at the 20th Statistical Mechanics Meet-
ing, Yeshiva University, New York
City, Dec. 1968.

Kuscer, I., "Relaxation Problems in
Neutron Transport and in the Kinetic
Theory of Gases: A Comparison,"
presented at the Conference on Trans-
port Theory, Virginia Polytechnic In-
stitute, Blacksburg, Jan. 1969.

• CHEMICAL ENGINEERING

Edwards, V. H., and Finn, R. K., "Ed-
ible Protein from Chemical Effluents,"
Process Biochemistry, 4 : 1 ( 1 9 6 9 ) , 29-
39.

Rodriguez, F., van Brederode, R. A.,
and Cocks, G. G., "A Recording Air- 36



Bearing Torsion Pendulum," Journal of
Applied Polymer Science, 12 (1968),
2415-20.

• CIVIL ENGINEERING

Brutsaert, W., "The Initial Phase of the
Rising Hydrograph of Turbulent Free
Surface Flow with Unsteady Lateral In-
flow," Water Resources Research, 4:6
(Dec. 1968), 1189-92.

Gallagher, R. H., "Finite Element An-
alysis in Brittle Material Design," pre-
sented at the Thraustics Conference,
Franklin Institute, Philadelphia, Dec.
1968.

Lyon, G. B., "Education and Recruit-
ment of Surveying Personnel," pre-
sented at the 10th Annual Conference
of the New York State Association of
Professional Land Surveyors, New
York City, Jan. 1969.

Meyers, B. L., Slate, F. O., and Winter,
G., "Relationship between Time-De-
pendent Deformation and Microcrack-
ing of Plain Concrete," Journal of the
American Concrete Institute, 66:1
(Jan. 1969), 60-68.

White, R. N., "Tubular Sections in
Highway Structures," Journal of the
Highway Division, ASCE, 94:HW2
(Nov. 1968), 161-77.

• COMPUTER SCIENCE

Brown, K. M., and Dennis, J. E., Jr.,
"On Newton-Like Iteration Functions:
General Convergence Theorems and a
Specific Algorithm," Numerische Math-
ematik, 12:3 (1968), 186-91.

Hopcroft, J. E., and Ullman, J. D., For-
mal Languages and Their Relation to
Automata (Reading, Mass.: Addison-
Wesley, 1969), 242 pp.

Hopcroft, J. E., and Ullman, J. D.,
"Some Results on Tape-Bounded Tur-
ing Machines," Journal of the ACM,

37 16:1 (Jan. 1969), 168-77.

Miller, W. F., and Shaw, A. C, "Lin-
guistic Methods in Picture Processing—
A Survey," Proceedings of the 1968
AFIPS Fall Joint Computer Conference
(Washington, D.C.: Thompson Book
Co.), Vol. 33, Part 1 (Dec. 1968), pp.
279-90.

Salton, G., "A Comparison between
Manual and Automatic Indexing Meth-
ods," American Documentation (Jan.
1969), pp. 61-71.

Salton, G., "Professional Society Pub-
lications," Communications of the
ACM, 11:12 (Dec. 1968), 803-4.

• ELECTRICAL ENGINEERING

Briggs, F., "Broadband Operation of
Highly Doped Gunn Oscillators," pre-
sented at the IEEE Conference on Mi-
crowave GaAs Devices, Atlanta, Jan.
1969.

Camp, W., "Computer Assisted Analy-
sis of Multifrequency LSA Oscilla-
tions," presented at the IEEE Confer-
ence on Microwave GaAs Devices, At-
lanta, Jan. 1969.

Carlin, H. J., and Friedenson, R. A.,
"Gain Bandwidth Properties of a Dis-
tributed Parameter Load," IEEE
Transactions on Circuit Theory, C-
T15:4 (Dec. 1968), 455-64.

Clark, J. J., Hammer, D. A., Linke, S.,
and Ury, M., "Relativistic Electron
Beam Accelerator Characteristics," pre-
sented at the 10th Annual Meeting of
the Division of Plasma Physics of the
American Physical Society, Miami
Beach, Nov. 1968.

Curry, R. E., "Nonlinear Estimation
with Quantized Measurements: PCM,
Predictive Quantization and Data Com-
pression," presented at the 1969 Inter-
national Symposium on Information
Theory, Ellenville, N.Y., Jan. 1969
(sponsored by the IEEE and URSI).

Eastman, L. F., "Approximate Analy-
sis of LSA Starting Conditions," pre-

sented at the IEEE Conference on Mi-
crowave GaAs Devices, Atlanta, Jan.
1969.

Fine, T., "Non-Statistical Approach to
a Problem of Prediction," presented at
the 1969 International Symposium on
Information Theory, Ellenville, N.Y.,
Jan. 1969 (sponsored by the IEEE and
URSI).

Foulds, K. W. H., and Jeppsson, B.,
"Pulsed LSA Oscillators in Waveguide
Circuits," presented at the IEEE Con-
ference on Microwave GaAs Devices,
Atlanta, Jan. 1969.

Jeppesen, P., "C.W. Operation of Sub-
critically Doped Gunn Oscillators,"
presented at the IEEE Conference on
Microwave GaAs Devices, Atlanta,
Jan. 1969.

Jeppsson, B., and Jeppesen, P., "Com-
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XT

In the past fifty years the population in the United States has shifted from a pre-
dominantly rural one to one that is heavily urban. Today, 70 percent of the people
live in the cities and 30 percent live in the country. Over this period, too, the popu-
lation has doubled to reach its present level of 200,000,000 people.

The growing and shifting populations in our country and abroad pose large prob-
lems for city, regional and national planners. Too often planning has been of a
piecemeal variety, with little thought given to projecting future uses of land and
natural resources and predicting future needs. Natural resources must now be used
more carefully. Engineers and planners must consider the factors which affect land
and natural resource use, two of which are the increasing mobility of peoples and the
expanding technologies which markedly affect the quality of their lives.

It is the thesis of the contributors to this issue that more sophisticated methods of
observing, classifying, cataloguing, manipulating, and conserving natural resources
are required today than were necessary fifty years ago. The easy solutions to the
problems have been used up. Professors Belcher, Liang, and McNair have all
pioneered in the effective use of airphoto interpretation and photogrammetric
methods to evaluate natural resources and determine land use. Hopefully, although
our land resources and the populations they can support are finite, the ingenuity
with which we meet the challenge of tomorrow will be infinite.

THE EDITOR
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