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EOREWORD

This circular describes research activities of the Oregon State University
School of Engineering during the school years 1964-1965 and 1965-1966. These
activities are listed according to the engineering department in which the
research is carried Out. In each department section are described facilities of
the department, research projects, and graduate degrees, including short theses
abstracts.

The report includes an initial section of three articles describing significant research underway in sanitary engineering, solid state and instrumentation.
The article by Professor Burgess entitled, "Water-Water Everywhere, puts in
perspective the role of the University in education, research and service. His
remarks concerning education and manpower are equally applicable to all areas
of engineering research in which the School participates.

WATER-WATER EVERYWHERE
by

Fred J. Burgess, Head
Department of Civil Engineering
INTRODUCTION

"Water-water everywhere and not a drop to drink," begins the thyme of
the Ancient Mariner in describing the water quality dilemma faced by this
intrepid seafarer. The lead words in this time honored peem are an appropriate warning of present and future water resource problems as they emphasize
that the mere abundance of water has no meaning unless the quality of the
water is acceptable for the multiple uses to which it is put by man in sustaining his environment and economy.
The problems of water and its management are not new to the scientific
and engineering community which, for many decades has worked to understand the nature of water and how to control it, transport it, conserve it, and
purify it. Water has, however, only recently been discovered by the American
people, and the public awareness of the problems of water shortage and water
pollution that face the nation is greater now than at any time in our history.
Headlines of "America Facing Water Disaster" and "Pollution Destroys Our
Waters" are commonplace harbingers of doom that are used to capture the
imagination of the reading audience and take advantage of this new-found
awareness. These dire predictions are partly fact and partly fancy. Are
we running out of water? Is there a water pollution problem? What is its
nature? Can it be solved? What are the ingredients for its solution? These
are searching questions that must be answered and must occupy the attention
and time of a significant portion of our engineering and scientific talent.
This paper is presented to explore some of the factors concerning the water
problem and to examine the role of the University in finding the solutions.
NATURE OF THE PROBLEM

Water is the most abundant resource available to man. There are some
10 quadrillion (1015) acre feet of water on the earth or enough to cover the
entire globe to a depth of some 800 feet. Unfortunately, nearly 97 percent
of this supply is in the oceans and its salt concentration of about 30 parts per
thousand presents such a water quality problem that this vast store of water
is useable only for navigation, shipping, cooling water and marine fisheries.

water, 10 trillion (1012) acre feet, is
Some three percent of the
the fresh water involved in the hydrologic cycle. Powered by the sun and the
forces of gravity, the exceedingly complex hydrologic cycle constitutes nature's
titantic "desalinization program" whereby the world's fresh water supplies are
continuously renewed with treated water from the sea. Nearly 75 percent of
the earth's fresh water is tied up in the polar ice caps, glaciers, and atmosphere
and is ersentially unavailable. The remaining 25 percent of the fresh water,
together with the relatively small amounts which can be reclaimed from the
sea by desalinization, provides man's potential supply.
It is estimated that in the United States there is some 47. 5 biUion acre
feet of water stored in the ground, 13 billion acre feet in lakes, 365 miUion
acre feet in man-made reservoirs and 45 million acre feet in the rivers that
rush to the sea. In the United States these supplies are continuously renewed
by the five billion acre feet of water that falls each year as rainfall. Of this
amount, 71 percent evaporates or is transpired back to the atmosphere, 29
percent runs off directly to the rivers or seeps into the ground from where it
eventually finds its way to the rivers and thence to the sea. Some seven
percent (345 million acre feet) is withdrawn from streams and ground water
each year for use by man. About one tenth of the water removed is used for
municipal and domestic purposes and the remainder is used for ithgation and
industrial uses. Only about two percent of the total precipitation is "consumptive by use", that is, once removed from rivers or ground water it is returned
to the atmosphere as vapor or is temporarily tied up in products and is no longer
available for other use. The remainder (five percent of total precipitation) is
returned to lakes and streams where it is available for re-use if the quality has
not been impaired.
Therefore, in answer to the question, "Is America running out of water?",
the response is an emphatic No. It is not always where we want it nor in the
amount and quality we desire, but aside from natural variations in the water
cycle, there is as much water available today as there was when white man
first set foot on the North American shore.
WATER SUPPLY AND IOLLUTION - A PEOPLE PROBLEM

As man first occupied the United States, he those the areas where the
availability of soil, water, and sites for industry and commerce were favorable.
In this era of abundance, there were few water problems and the solution for
those that did arise, was to move on to another area of abundance. As the
population increased, the lure of acquiring new land, the glint of gold, the

opportunity to plunder nature's riches and the urge to follow the ran n
exploration of new land and opportunity formed powerful forces that started
the great western wave of migration in much the same fashion as the
potential energy of water stored in a reservoir k transformed into the iaric
energy of a rushing torrent when the opening of a flood gate provides the
oppoitunity.

In settling the western land, the sites where ideal conditions of soil, water,
and land existed for commerce and industry were quickly exhausted. The search
for opportunity quickly expanded to water-short areas where the quantity and
quality of the water supply was not always adequate.
As the population increased, man not only found new ways to use water,
but also found ways to abuse water by pollution from his cities and industries
and by wasteful practices. The nature and magnitude of this use and abuse
are the basis of our present and future water resource problems.
WATER USE

With the growth of population from 76 million in 1900 to 195 million
in 1965 came greatly improved standards of living that demanded ever
increasing quantities of water per capita. Water use in the home has increased
from low values of around 25 gallons per capita per day (gpcd) in 1900 to a
national average annual use in excess of 150 gpcd in 1965. The use in some
cities far exceeds this value. In Corvallis, Oregon, for example, maximum use
on a warm summer day is in excess of 375 gallons per capita. This increasing
use rate is stimulated by the conveniences for living and sanitation that were
not available in 1900--multiple bathrooms, garbage disposals, automatic
clothes and dish washers, autos to wash and lawns and shrubs to irrigate.
Water is also the number one raw material for the industry which supports our
economy. It is a power source, a transportation device, a coolant, a
cleansing agent and a product ingredient, to name a few of its virtues. As an
example of industrial use, it takes on the average some 1,400 gallons of
water to produce one dollar's worth of steel, nearly 200 gallons to produce
one dollar's worth of paper, some 350,000 gallons to produce a ton of
aluminum and 50 gallons to process a case of number two cans of green
beans. When these water use rates are compared with the gross national
product as a yardstick of industrial use, it is evident that industrial uses of
water will grow even larger. However, such a comparison must be tempered
with the knowledge that industrial processes will change with time, and the
practices and water use rates of today will become obsolete.
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284 Billion
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2000
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TABLE 1 - Past and Future Use of Fresh Water
(Billions of Gallons per Day)
1900

1920

1940

1950

1960

1970

1980

Mxiicipal

3.0

6.0

10.1

14.1

22.0

27.0

37.2

Industrial

15.0

27.2

52.0

84.0

159.9

218.3

394.2

Agricultural

22.2

58.4

74.1

104.6

141.0

165.9

165.7

40.2

91.6

136.4

202.7

322.9

411.2

597.1

TOTAL
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TABLE 2 - Use Rate of Fresh Water Vs. Estimated Dependable Supply
(Billions of Gallons per Day)

Rate of Use

1900

1920

1940

1950

1960

1970

1980

40.2

91.6

136.4

202.7

322.9

411.2

597.1

95.0

125.0

245.0

270.0

315.0

395.0

515.0

Dependable
Supply

Tables 1 and 2 summarize water use and supply based upon data presented
by the U.S. Public Health Service in 1962. The comparisons given in Tables
1 and 2 provide, at best, an overly optimistic picture of water availability
since they do not account for geographic distribution. To be useful, water
must be in the right place at the right time and of the proper amount and
quality. For example, water in Maine is of little use to drought stricken
New York even though the averages, if both are included, would demonstrate
arithmetically that the supply is adequate. The obvious alternative to the
water shortage suggested is that water must be re-used over and over again
after adequate treatment.
POLLUTION--THE VILLIAN

The very uses that demand greater quantities of clean water are also
uses that result in pollution which diminishes the supply of high quality water.
Pollution of the nation's watercourses has paralleled the growth of population
and industrial production and even though efforts have been made to control
pollution, they have often been too little and too late to keep pace with the
growing problem. Indeed, until recently, the problem of pollution control
has been one in which the industries, municipalities and agencies have had to
"run just to stand still" in order to prevent further pollution inroads into the
quality of our water supplies.
A treatise on the nature of pollution would require several volumes of
books and is far beyond the scope of this paper. It can be simply described
as the organic material, inorganic matter, toxic chemicals and bacterial
contamination that is discharged to watercourses which damage their use
for other beneficial purposes. Pollution is measured in many ways which
determine its chemical composition and its biological effects. The most
convenient measure for purposes of this discussion is to equate pollution to
population equivalents (the amount of pollution produced by one person in
a day) even though this measure does not reflect toxic effects. In the
period from 1900 to 1960, according to the U.S. Public Health Service, the
burden of pollution discharged to the nation's watercourses from municipal
wastes has increased by 300 percent and the amount from industrial waste
has increased 1000 percent (Table 3).
TAHLE 3 - Pollution Discharged Into the Nation's Watercourses
(Figures in millions of population equivalents)
1900

Municipal Wastes
Industrial Wastes

24
15

1920
40
49

1940
54
75

1960
75
150

Add to these organic wastes the host of pesticides, herbicides, agricultural
chemicals, detergents, toxic non-organic industrial wastes, and waste irrigation water that is high in pollutants, and it is small wonder that the problem of
pollution has reached serious proportions.
This alarming growth has not come about by the neglect of any one person,
but represents the result of apathy toward the problem that is caused by the
accumulation to which each person contributes, through municipal wastes and
the industrial waste produced in manufacturing the products that are demanded.
Some appreciation for the pollution problem can be gained by considering
certain industrial processes. On the average, the waste produced from processing one case of 24 number 2 cans of peas is equivalent to the waste from
2. 1 persons; waste from a laundry is equal to some 35 persons for each 100
pounds of clothes washed; the waste from slaughtering and dressing one steer
is approximately equal to that from 100 persons. The magnitude of the problem facing a particular industrial segment is even more perplexing. For
example, the economy of the Pacific Northwest is based to a large extent upon
two major resources; namely, abundant forests and water supplies. A variety
of products are produced by industries based upon the utilization of wood. As
a result of these activities, it has become increasingly difficult to maintain
the quality of water, both fresh and marine.

Of the forest based industries which create water quality effects, the
and paper industry presents the most difficult problem. In the area of
Oregon and Washington, lying between the Pacific Ocean and the Cascades,
there are 42 pulp and paper mills producing approximately 16,000 tons of
pulp daily. This production is expected to increase by a factor of four by
the year 2000 to meet the public demands for paper products. A variety of
pulping processes are used including sulfite, kraft, semi-chemical, and
mechanical processes. The chemical pulping plants predominate, but
regardless of the type of mill, large volumes of fresh water are used and
large volumes of wastewater result. The combined wastes of the Pacific
Northwest mills have been estimated as having a raw waste population
equivalent in excess of that from 20 million people. Treatment and disposal
of these wastes in a satisfactory manner is one of the major problems facing
the pulp and paper industry and the people of the Pacific Northwest.
pulp

Even under the most ideal conditions, the quality of a water is degraded
with each successive use, whether or not the use is domestic, industrial, or
agricultural. Let us consider a typical community whose basic water supply
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contains 150 parts per million of inorganic solids. After one complete domestic
use the waste water will contain approximately 600 parts per million (ppm) of
total solids of which some 250 ppm is inorganic solids and 350 ppm is organic
solids. Under the best sewage treatment practices, commonly employed to
date, about 85 percent of the organic material will be removed. The resulting
effluent will still have 250 ppm of inorganic matter and approximately 55 ppm
of organic matter for a total of 305 ppm of total solids, or more than double
the original concentration. Under these circumstances, three uses of the water
would render its quality unuseable by any accepted standards. For those who
are repulsed by the thought of using water which has been used before, they
need only consider that all of the water on earth has been in the hydrologic
cycle for thousands of years and most certainly has seen prior use. If the water
supply is from a major river basin, it is likely that from 10 to 100 percent of
the water has been used at least once for some other purpose since it last fell
to the earth.

The rapid pace of technological advancements presents a further complication in the matter of pollution. Each new product and industrial process
creates a waste problem that is new and quite often processes for its treatment
are essentially unknown. The perplexing part of this problem is the rapid development of new products. It has been estimated that half of the products on
the market today will become obsolete and will be replaced within 10 years.
The waste produced in manufacturing each of these new products will present
a new problem which must be solved in the immediate future.
THE QUEST FOR CLEAN WATER

The quest for clean water extends not only to those in search of pure
and bountiful sources for industrial, domestic and agricultural uses, but also
to those who seek the beauty of nature in an unspoiled stream, the thrill of
catching a trout, the joy of viewing a scenic lake, or the pleasure of simply
taking a dip in the old swimming hole. In many areas of the nation, pollution has already obliterated these scenic and recreational values and, instead
of finding the soul-satisfying riches of nature, the people see pollution-clogged
streams and lakes; swimming areas that are clothed in foam or oil from
pollution and a biological wasteland where fish and other species have been
sacrificed to uncontrolled pollution. This destruction of the environment
has occurred during a time when preservation of the environment for the
health, welfare and enjoyment of the people is greater than at any time in
our previous history.
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Iii the Pacific Northwest the need for recreation has been demonstrated
by nearly a five fold increase in tourism over the past 15 years. The recreation
that is provided by scenic and unspoiled areas not only benefits the henith and
welfare of the visiting tourist, but also has added measureably to the economy.
Aside from direct expenditures, the number of trailer houses, pickup trucki and
campers, boats, motors and a great variety of other sport gear one may obserae
in a summer drive along the coast or in the mountains is mute testamony that
the value of a scenic unspoiled environment is also of considerable economic
benefit to inlaod areas where these items are manufactured. As the population
hurtles toward the predicted level of 362 million in the year 2000, the demand
for recreation will also increase. The wisdom with which we manage our
water resources will determine in large part whether these future citizens find
a soul-satisfying outdoor heritage or a rationed wasteland.
A RECIPE FOR SOLUTION

The problems of pollution and water resource allocation have been the
cause of range wars, they have been bantered about at ladies' teas and meetings
of men's clubs, they have been hotly contested issues in political races for
elective positions, they have been the basis of power politics as one government
agency or political party seeks to wrest control of authority from another, they
have been the subject of legal action, and last, but certainly not least, they
have been the subject of prodigious volumes of basic research findings that
seek to unlock minute secrets in sophisticated, and often unintelligible,
mathematical and written language. These efforts are worthy and commendable undertakings, but often "shoot far wide of the mark" needed for solution.
This author subscribes to the philosophy that except for closing dow-n industrial
operations, the only action which solves a pollution problem is that in which
an adequate and efficient waste-treatment plant is built in concrete and steel
and placed into operation by competent personneL
To be sure, this accomplishment is dependent upon the contributions of
many persons, but until the facilities are physically in existence, the pollution
in question will continue and political and legal admonishments, scientific
publications and emotional expression by the public and press will not in
themselves provide a solution. The recipe for this solution will vary from place
to place as to its garnishments, but it must necessarily always contain the same
basic ingredients. A few of the most necessary ingredients are as follows:

An Informed Public

In our democratic society, it is the people who ultimately decide what
is to be done, and it is the people who must agree to pay for needed facilities
by voting the bond issues that provide the necessary funds. There has been,
for many years, a fair measure of public sentiment for pollution prevention.
Prior to 1960, however, there was not a significant level of public awareness,
and the pathway of programs for clean water were littered with the gravestones
of dissension and defeated bond issues. Many of these failures can be traced
to inadequate efforts to inform the public. During these early years of the
pollution control effort, it would have been difficult to purchase adequate news
coverage to inform the public on the problem of water pollution. Fortunately,
this apathy has ended and a great deal of public awareness has been created.
Sewage is no longer spoken of in a whisper but is now discussed openly.
Excellent articles dealing with water pollution and other matters concerning
preservation of our environment now receive popular attention in nationally
famous magazines and newspapers. The public is being informed of the
issues and the alternatives for solution of problems.
The challenge to news writers, politicians, engineers, scientists and
others that provide this media is to provide concise information on the nature
of the problem, to keep the issues clear, to provide leadership in suggesting
solutions, and to inform the public of its role. The danger in this new found
advantage of public awareness is that it can be oversold by sensationalism and
scare techniques so that the reader will become confused and will lose interest.
The continued awareness of the public is the essential dough in the recipe for
successful pollution control.
Technological Know How

There is a popular misconception that the solution of existing pollution
problems must await a momentous technologic breakthrough which by some
mysterious and magical means will provide a process to purify water to its
original pristine conditions. Proponents of this view point out that there has
not been a fundamentally new waste treatment process in over 45 years and
that progress during this period has been limited to refinements of the art
which have resulted in improved efficiencies of existing processes. It is
further pointed out that this lack of progress has occurred during a period
when the character of domestic and industrial wastes have changed to present
a vastly more complex problem.
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These expressions of inadequacy are to a large degree unfounded. It is
true that many of the existing problems remain unsolved, however, from an
engineering viewpoint the great bulk (perhaps 85%) of today's pollution problems can be solved with existing technology. The "old fashioned" methods
that invite complaint have been improved to the point where they can reliably
remove 85 to 95 percent of the organic matter from sewage. Adaptation of
water treatment processes such as chemical treatment, filtration and carbon
adsorption have proved effective in removing nutrient materials and trace
organics which pose water pollution problems. The feasibility of other processes
for advanced waste treatment has been demonstrated. Such processes include
adsorption, foam separation, electrodialysis, reverse osmosis, distillation,
freezing, eutectic freezing, ion exchange, solvent extraction and chemical
oxidation to name a few. The true value of these methods can only be assessed
by full scale testing to establish their efficiency, operating characteristics and
costs. What is needed is the boldness to try new and novel ideas. The technological know-how that is necessary to affect solutions for todays problems is
more in the areas of planning, implementation and management than in the
scientific and engineering arena.

Water Quality Criteria
The establishment of scientifically sound and equitable standards for
water quality plays a major role in the program to preserve the purity of our
waters. It is not possible to run a race unless someone indicates where the
finish line is. Likewise, it is not possible to prevent pollution and meet
water-quality goals unless there is agreement on the water quality that is to
be achieved. Recognition of this fact was given in the Federal Water Quality
Act of 1965 which provided, among other things, that water-quality standards
be established for interstate waters. Under this act, the affected states must
establish standards which meet the approval of the Secretary of the Interior.
The states have until October 2, 1966 to file a letter of intent to adopt such
standards and until June 30, 1967 to adopt and file the specific standards and
plans for implementing and enforcing them. Some states such as Oregon
have had general standards of purity for public waters and treatment of waste
for many years. In the nation as a whole, however, standards for water quality
have been poorly defined, often confused and frequently non-existent. Poll tical and economic pressures have been major factors that have prevented
many states from adopting positive standards and the argument has often been
used that water pollution restrictions would force the closure of a needed
industry or cause it to move to a state with less restrictive standards. The new
federal legislation should be very helpful in overcoming many of these arguments and in unifying state standards.
11

Lest the reader obtain the wrong impression, it should be stated that the
water quality standards issue is not a simple one. It is easy enough for the
Congress to state that "water quality standards shall be established", but it is
most difficult to arrive at standards that are scientifically sound and obtainable. Even though this will be a most difficult task, it is evident that
standards must necessarily be established on knowledge that is now available.
The fact that many gaps in knowledge exist and much research is needed
to uncover needed knowledge cannot and should not by itself delay the
establishment of standards beyond a reasonable period. However, the realization that our knowledge is far from adequate to set ideal standards must
influence and temper the type of standard that is set for accomplishing the
water management that is necessary for the present. It must be recognized
that many of today's standards rest upon inadequate scientific bases. Therefore,
these standards should be made sufficiently flexible in order to take full
advantage of new knowledge.
Plans and Dollars

We are reminded that billions of dollars will be needed to build more
than 4000 new sewage treatment plants, to modernize over 1000 others and
to complete an estimated 6000 industrial waste treatment projects which
are needed just to correct existing conditions. The magnitude of this task
staggers one's imagination and rivals the gigantic federal interstate highway
program which is being successfully accomplished. Planning for a task of
this size and complexity cannot be on the basis of "let George do it", but
must necessarily involve all levels of government and people from many
disciplines. The local civic group that is working to devise financial plans
to build a sewage treatment plant and the congressmen that are working to
pass needed water pollution legislation both play vital roles. The engineer
that is preparing plans and specifications for construction of a sewage treatment
plant plays as important a role as the official that is planning for implementation of an effective state pollution control program. It is unlii.cely that the
dollars and the plans can evolve to accomplish this feat overnight. However,
there is good evidence that the job not only can, but will be done within the
foreseeable future.
Trained Manpower

The most important ingredient for the solution of the nation's water
problems is trained manpower than can conceive and carry out the imaginative
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plans that are necessary. The nation's supply of people that can accomplish
these necessary tasks is exceedingly low. For example, the Gross Committee
Report (1962) has identified a need by 1970 for 6000 new engineers and
15,000 scientists and social scientists of which 4, 300 engineers and 10, 700
scientists should be graduate trained in the water supply and pollution control
field. Equally important are the sewage and industrial waste treatment
plant operators, administrators, designers and the host of others in related
disciplines necessary to accomplish these tasks, the present supply will have
to be stretched to its utmost capacity and it may well be that solutions to certain portions of the problem may have to await the arrival of the young persons
who are now receiving vital training in our colleges and universities.
THE ROLE OF THE UNWERSITY

The foregoing discussion includes not only the views of the author, but
also many of the points raised by leading persons and agencies cited in the
list of references. Several conclusions can be reached from these presentations.
Summarized these are: American does have a water problem which is both
difficult and complex; the problem, in large part, is the result of apathy and
neglect over a period of many years; a significant portion, pethaps 80 percent
or more, of today's water problems can be adequately met with existing
knowledge; the continued growth of population and industry will create more
water problems in the future that will make today's problems seem simple by
water problems will require
comparison; solution to today's and
a sustained effort of all groups; universities must play an important role in
this effort by training needed manpower and providing knowledge through
basic and applied research.
THE RACE FOR KNOWLEDGE

An impressive laundry list of needed research to cope with present and
anticipated problems can be compiled, the accomplishment of which could
well occupy the time of all engineers and scientists in this field for many
generations to come. High on the priority in such a list would be research
on new and improved methods of waste treatment; means to identify and
characterize pollutants; biological and physical research to establish water
quality criteria; social, economic and legal research on water resource
issues; methods to affect water re-use; research on lake and stream eutrophication; research on industrial waste characterization and treatment; biological
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and engineering research on methods for ocean disposal; and a host of
other topics. Substantial justification can be presented for the need to
conduct basic and applied research in all of these areas.
In the list above, a ceitain amount of negative implication is reflected.
Pollution, particularly from industry, implies that something is being wasted.
Will future generations be able to afford this waste? Basic and applied
research on industrial procees to get at the heart of pollution by preventing
wastes should also receive a high priority. For example, would it not be
beneficial for industry, government and universities to cooperatively design,
build and test an experimental pulp and paper and wood by-products mill
where basic and applied research could be conducted on the most advanced
ideas on complete utilization of the tree. Re-cycling and re-use of water and
other problems that plague this industry could be investigated in such a facility.
Experiments could be run at meaningful scale, economics could be determined
and the feasibility of new processes could be demonstrated on a level that
would encourage management to adopt new practices. Large experimental
domestic waste-treatment plants could also be constructed where full-scale
experiments could be conducted on the most advanced methods of waste
treatment by scientists and engineers who have conceived new ideas through
basic and applied research. The initial cost of such programs would be high,
but the benefits could be great. Long range economy may also result as the
time gap between the creation aud the utilization of new knowledge would be
materially reduced. The practicability of such programs has been demonstrated by the national centers of the Atomic Energy Commission and NASA.
A similar bold approach to basic and applied research would also be productive
irs the pollution control field.
EDUCATION AND MANPOWER

When the annals of history state the success or failure of our efforts to
prevent pollution and preserve the purity of our waters, they will necessarily
cite the brilliance or the stupidity of the men who were charged with this
task. Earlier in this article it was stated that the number of trained engineers
and scientists currently available were far too few and that an increase of
several fold must occur particularly in the number of those that are graduate
trained.

The universitys basic mission is the education and training of young
people to take responsible positions in public life. Therefore, the most
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important role that the universities can play, in fact the responsibility that
they must shoulder, is in the education of needed manpower. The needed
educational programs are guided to a large extent by the nature of the
problems that must be solved. These problems are complex and will require
imaginative persons from many disciplines. A very abbreviated list would
include Sanitary Engineers, Hydraulic Engineers, Hydrologists, Biologists,
Chemists, Microbiologists, Economists, Oceanographers, Public Administrators and many others.
There is considerable confusion as to the type of education that is needed
most, On the one hand, there is the concept that persons in this field need to
be educated for broad, high level decision making that covers the breadth of
established disciplines. On the other hand, the traditional concept is that
graduate education must be specialized to permit the extreme depth that is
necessary. It is particularly true in the latter case, where one obtains a high
degree of expertise in a given area. It appears certain that both of these
views are wrong and the mainstream of manpower which will accomplish the
difficult tasks ahead must meet specifications that are different from those
met by the generalist or the specialist. Let us consider the educational
building blocks that might go together to prepare an engineer to work in this
difficult area. The job specifications for such a person might well read:
Wanted for Challenging Position: Professional Engineer to work
in water pollution control, must be expert in Sanitary Engineering,
Hydraulics, Hydrology and related water oriented subjects; must
work harmonously with and uticize the work of economists, biologists, ml crobiologists, chemists, lawyers, statisticians, mathe mali clans, oceanographers and related disciplines. Must understand and
be competent in new technologies of systems engineering and com
puter science. Must be an independent thinker and capable of
generating imaginative solutions. Must be an effective speaker
and writer and work well with the public. Research experience
desireable. Must be "obsolete proof".

Filling an order such as this is the difficult but not impossible task of the
university who by its tradition, experience and capacity is uniquely qualified
for this role. Let us examine how the university can proceed to systematically
provide a candidate for this position.
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Step 1 - Basic Undergraduate Education

It is no longer possible to create a professionally trained engineer
in four years of undergraduate study. However, this preparation through the
BS degree provides the basic foundation blocks of:
BA SIC

I

Basic Science

I

UNDERGRADUATE

I

ENGINEERING

1.1

Engineering
Science

Social Science &
Humanities

EDUCATION

Engineering
Specialization

Step 2 - Specialization
Having assembled the foundation the next essential building block is
specialization to provide the required degree of knowledge in the desired
subject area. This step must be accomplished by graduate study.
Graduate study in water oriented engineering subjects
and the related scientific subjects which support the
majnr field such as chemistry, mathematics, statistics,

GRADUATE
STUDY

biology, etc.
Step 3

Broadening, The Ability to Work Effectively with Others

The individual must be able to communicate with and to understand the
problems of other disciplines so he can effectively use their knowledge.
These building b1ocks might be:
I

RELATED

\. AREAS
of
SCIENCE

N

and

/ These will include economics, law, planning,
management, political science, public administration, and needed scientific areas that did not
/' comprise a part of the major area, such as biology,
biochemistry, botany, and others.
I

SOCIAL SCIENCE

Step 4

I

Intellectual Capacity

The most important building blocks are those that provide intellectual
capacity, curiosity and the ability to do independent and imaginative thinking.
These will be provided by:
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I

E]

Independent study
Research and Thesis

Introduction to professional associates

Pride of professionalism and the urge to advance knowledge
Step 5

Modem tools

To be effective one must be able to
utilize modem tools such as computers, current
literature and a host of other aids.
follow the easy directions of steps 1 through
5, and add our trade marks of 0 0 \..,....I we will and must be able
to provide the candidate ready to go to work.
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SOLID STATE STUDIES IN ENGINEERING
by

J. C. Looney, Associate Professor

The solid state laboratory is part of the Electrical and Electronic Engineering Department facilities and is used for undergraduate and graduate
instruction on the design and fabrication of microelectronic devices and
integrated circuits. Instruction includes both laboratory work associated
with a formal class as well as undergraduate and graduate research projects.
Examples of the devices designed and constructed are transistors, fieldeffect transistors, thin-film resistors and capacitors, and integrated circuits.
Industrial and military use of solid state devices and circuits has been
increasing at an exponential rate during the past few years and industry
forecasts indicate that the majority of all electronics will be of the solid
state type within a very few years. The reasons for the use of solid state
devices and integrated circuits is mainly economy and reliability. However,
the philosophy of circuit design is quite different from circuits using discrete
components and it is necessary that graduating students be adequately
trained in this area.
The development of the solid state laboratory facilities began in 1961.
The available space has been greatly increased and now includes a dark
room and photo washing room as well as normal laboratory space.
A substantial amount of equipment has been acquired for the laboratory
which includes apparatus for semiconductor material evaluation and preparation, device fabrication, and device evaluation. The equipment for semiconductor material preparation includes items for sawing, machining, lapping,
polishing and etching brittle materia]s. The material evaluation equipment
includes items for measuring resistivity and carrier type, mobility and lifetime. Fabrication equipment includes apparatus for making alloyed and
diffusion junctions, vacuum-evaporated thin films, photo masking, and
lead bonding. Device evaluation equipment includes the usual signal genesators and oscilloscopes as well as microscopes and microprobes.
Typical laboratory projects undertaken by the students in conjunction with
class work involve the design of alloy and diffused diodes, tunnel diodes,
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field-effect transistors, hall-effect devices and thin-film resistors, and
capacitors. After the theoretical design is completed, the student fabricates the devices and checks the correlation between the device characteristics and theory.
Student research projects can be either graduate or undergraduate, but
the majority are graduate M.S. and Ph.D. thesis projects. Typical
examples are:

A Thin-Film Wideband Tunnel Diode Amplifier
Schottley Emission through Thin Aluminum Ovide Films
Impact Ionization in Gold-Doped Silicon
Microwave Methods of Measuring Resistivity of Gallium Arsenide
Percussive Welding of Metal-Semiconductor Contacts
Electroluminescent Diode Matrix Displays
Reactively Sputtered Films of Silicon Nitride for Diffusion Masking
Vacuum Deposition of Thin-Film Electroluminescent Diodes
Field-Effect Transistor Noise at Low Temperatures
A Diode Matrix Address Method Using Piezoelectric Material
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SONIC DETECTION OF INTERNAL DECAY
IN WOOD POLES

by

L. C. Jensen, Associate Professor

A nondestructive method for the detection of internal decay in
wood poles has long been needed by the utilities. The treated Douglas
fir poles widely used by the utilities in the Pacific Northwest normally
decay from the interior. Thus, a pole having extensive decay may appear
sound from the outside. The detection of ths decay is necessary both
from a safety standpoint and for improved maintenance. The large number
of poles in use is an indication of the urgent need of a reliable method of
detecting internal decay. In the past, the only method for detecting internal decay was to take a core sample. However, obtaining this core
opened a hole in the pole which would admit moisture and perhaps encourage decay. A device for the sonic detection of internal decay has been
developed at Oregon State University.
Research on the nondestructive detection of internal decay was begun
on a research grant from the Wood Pole Technical Committee, a committee composed of representatives from several Pacific Northwest utilities.
The results of this research indicated that sonics would provide a practical
nans of decay detection. It was found that the natural modes of vibration in a pole having internal decay differed significantly from the natural
vibrations of a sound pole.
A second research grant was received for evaluating means of providing excitation to the pole and detecting the natural modes of vibration and
for the development of a prototype unit. A prototype unit has been built
and is currently undergoing field testing and calibration.

The sonic decay detector is a compact, fully transistorized battery
powered unit. The total weight of the unit, including batteries, is under
15 pounds. A portable oscilloscope is being used for detection of the
signal during field testing and calibration. However, it is expected that
a meter readout will be provided when the calibration is completed. With
a meter readout, the operation of the unit and interpretation of information
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will be sufficiently simple that it can be used by a person without special
training.
The sonic decay detector provides a frequency analysis of the pole
under test. The pole is excited by a vibrator swept over the desired
frequency range. The vibrations present in the pole are detected by a
piezoelectric transducer. Research has shown that a sound pole behaves
as a sharply tuned mechanical filter. Tests on sections of poles in the
laboratory and field tests on in-service poles have shown that the natural
frequency of vibration of a sound pole is in the order of 2. 2 to 2.5 kilohertz. This natural frequency of vibration has been found to be essentially independent of pole diameter, pole length, moisture content, or
other physical characteristics. However, the modes of natural vibration
are altered significantly by the presence of internal decay. The number
of natural frequencies of vibrations in a pole with internal decay, the
relative amplitude of these vibrations, or the frequency at which they
occur are all functions of the extent of internal decay and the location of
the internal decay pocket. Therefore, it is possible with some experience
to determine the approximate extent of internal decay and the approxiimte location of the decay pocket from the frequency spectrum.
Wood is a heterogeneous material having a complex physical structure. Because of this complexity, a model of a wood pole when externally excited is not readily available. Therefore, the reasons for the
relatively high frequency of vibration in a sound pole or the reasons for
the significantly different modes of vibration in a pole having internal
decay is not readily determined. However, these characteristics of wood
poles are currently being studied under a separate research grant from the
Forest Research Laboratory at Madison, Wisconsin.
Several groups other than utilities have shown considerable interest in
the device for the detection of internal decay in standing timber and also
for the detection of decay in logs. The Highway Department is interested
in the detection of decay in bridge pilings and timbers. The possibility
of using a similar device or a device operating on similar principles for
the grading of structural lumber has also been considered.
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RESEARCH ACTIVITIES IN THE
SCHOOL OF ENGINEERING
OREGON STATE UNIVERSITY

1964-1966
ENGINEERING EXPERIMENT STATION

G. W. Gleeson, Dean, School of Engineering
Director, Engineering Experiment Station

J. G. Knudsen, Assistant Dean, in Charge of
Engineering Experiment Station
Research activities in the School of Engineering cover a wide range of
subjects. This research is largely of a basic nature and contributes significantly

to the education of gradunte students, to enhancing the technical competence
of the staff and to contributing to knowledge in the basic engineering sciences.
Expanded activities in sanitary engineering (water supply, water treatment,
waste disposal, air pollution), solid state, and materials science have occurred
during the biennium.
During the 1964-1966 biennium there were 130 active research projects
in the School of Engineering of which 100 were active during the 1965-1966
academic year. One or more graduate students participated in each project
under the direction of a faculty member. In most cases, the research accomplished by each student was reported in a thesis which was submitted in partial
fulfillment of either the M. S. or Ph. D. degree.
Support for research activities in the School of Engineering is derived from
State, Federal, and Industrial Sources. Total annual expenditures for research
amount to nearly $500, 000. The principle sources of these funds for the fiscal
year ending June 30, 1966 are listed below:
Source of Support

Amount

State (Engineering Experiment Station
Recurring Budget, Departmental
Support, General Research Fund)

Percent

50,000

10

Research Grants and Contracts
Traineeships (USPHS, NASA,

200,000

41

NSF, NDEA)

200,000

41

$

Federal
a

b.
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Amount

Source of Support (Con'cl)

40,000
$490,000

Industrial Research Contracts

Percent
8

100

The item reflecting department support occurs on research projects which
do not have outside support and generally constitutes materials and some minor
equipment for the project. Such support is generally provided by the departments
on projects in which the graduate student involved is a teaching assistant or is
sell-supporting.
Extensive support for graduate students is provided by the funds expended for
research. A summary of student support is shown in the accompanying table.

The figures show a rather large number of students to be self-supporting.
These include approximately 25 students who registered only in the summer term
to complete theses. Normally fellowships and assistantships do not provide summer
support. Thus during the academic year approximately 35 to 40% of the graduate
students enrolled are sell-supporting. These students support themselves by their
savings, by part- or full-time employment, or (as in the case of many foreign
students) by industrial or governmental grants. Graduate or teaching assistants
perform instructional duties for their stipend so that the amount received by them
does not constitute money spent for research activities per se. Research assistants
perform research duties for their stipend and in most cases this research is used
for their graduate thesis. Trainees and Fellows normally engage in research for
the duration of their traineeship or Fellowship in addition to taking the courses.
The stipends of research assistants, trainees, and fellows approach nearly one-half
of the total expenditures on research in the School of Engineering.
The Engineering Experiment Station administers (including accounting,
purchasing, personnel action and payroll, and report preparation) approximately
30 research sponsored projects. In addition, the Station supports to a limited
extent research projects which faculty members wish to undertake and for which
no outside support has been obtained. This support is usually in the form of a
research assistantship and a small amount for materials and supplies. The
Station provides typing and editing service to engineering faculty for the preparation of research proposals.

Following are listed some 130 research projects active in the School of
Engineering during the 1964-66 biennium. These are catagorized according to
departments and listed in alphabetical order according to principal investigator
whose name is underlined for each project. Students participating are also
listed as well as sources of financial support for the study.
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Summary of Financial Support for Graduate Students in Engineering
1964-65

No. of
Type of Support

Students

Approximate
Amount Received No. of
Percent
by Students
Students

Self-Supporting

75

49

Graduate (Teaching) Assistantships

29

19

Research Assistantships

1965

6

Industrial
Federal Research Grants

4

4

11

6

Industrial
TOTAL

100

56

67,000

26

15

70,000

16

9

50,000

100,000

35

20

120,000

177

100

$

$

63,000

1966

6

NSF
NASA
NDEA
USPHS

Approximate
Amount Received
Percent
by Students

1964- 1965-

EES

Traineeships and Fellowships

1965-66

21

13

1964- 19651965

1966

5

9

5

6

2

3

12

12

5

5

29

19

154

100
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CHEMICAL ENGINEERING

J. S. Walton, Department Head
Microbial Degradation of Hydrocarbons. Fermentations are being
carried out to determine optimum conditions and organisms for the production of cells subsisting entirely on hydrocarbons as the source of cellular carbon. E. T. Beynon, F. Henning, G. Thompson (Chemical Engineering Department, National Defense Education Act).
Determination of the Thermodynamic Properties of Pure Organic Vapors.
A precision vapor-flow calorimeter is being constructed for the measurement
of vapor heat capacities and latent heats of vaporization. The calorimeter
will be capable of a precision of ±O.2h. The first members of an organic
acid homologous series will be measured and data will be extended to higher
members of the series. F. T. Beynon, K. N. S. Prabhu, Y. J. Kwon
(National Science Foundation).
Determination of Barriers to Internal Rotation from Low Temperature
Heat Capacity Data. Barriers to internal rotation about molecular bonds
are being determined by comparison of experimental data with theoretical
methods of calculation. The barriers to internal rotation enter as an adjustable parameter in the statistical mechanical calculation of the heat capacity,
and can be determined by comparison with precise experimental lowtemperature heat capacity data. E. T. Beynon, K. Simpson (Chemical
Engineering Department).
The Evaporation of Drops at High Temperatures. Representative literature data on the evaporation of drops of pure liquids at high temperatures
have been correlated according to a film-theory analysis. This analysis
showed that more work needs to be done to reconcile the diverse data
reported in the literature. C. G. Downing (Graduate School General
Research Fund).

Transpiration Cooling of a Rotating Disk. Heat transfer from a porous,
rotating disk in an infinite environment with injection at the surface is being
studied. The effect of the following parameters on the heat transfer coefficient is being measured experimentally: angular velocity, physical properties of the gas injected through the porous surface, and rate of injection
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through the disk into the ambient air. Theoretical solutions to the conservation equations with variable physical properties including the diffusionthermo and thermal diffusion effects are being obtained. E. Elzy, W.
Cosart (National Aeronautics and Space Administration Fellowship).
Turbulent Flow of Liquid-Liquid Dispersions. Liquid-liquid dispersions
containing water as the continuous phase and various oils as the dispersed
phase have been studied in turbulent flow. Momentum and heat transfer
characteristics of the dispersions are studied. Drop sizes and distribution
are determined and related to the transport properties. Effect of turbulence
on droplet size is of interest. J. G. Knudsen, S. B. Collins, S. Ichikawa,
R. W. Legan (National Science Foundation).

Mechanics of Climbing Film Flow in Annular Ducts. Heat, mass and
momentum transfer characteristics of a climbing liquid film in an annular
duct are being studied. In addition, mechanics of the upward gas flow
and surface characteristics of the liquid film are determined and related to
the transport processes occurring. J. G. Knudsen, D. H. Kim, A. M.
Sutey (National Science Foundation).
Heat Transfer in Annuls with Small Diameter Ratios. This is an investigation of the heat transfer characteristics of annuls with diameter ratios
below 0.05. Measured heat transfer coefficients are below those predicted
by empirical equations. The mechanics of flow in these annuli is of interest.
3. G. Knudsen, W. F. Unzicker (Chemical Engineering Department Teaching Assistantship).

Heat Transfer in Fluidized Bed Heat Exchangers. A tubular heat exchanger has been constructed in which the shell side may be provided with
a fluidized bed. Considerable improvement in the shell side heat transfer

rate is accomplished by virtue of the fluidized bed. JG. Knudsen, W. E.
Genetti (Dow Fellowship, Engineering Experiment Station).

A Study of High-Speed Transient Reactions in Electrochemical Reactions.
This research is aimed at understanding some of the electrochemical discharge
characteristics in batteries. The current-potential relations involved in the
first microsecond of discharge of various electrochemical cells are being
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Equipment for Determination of Burbulence Quantities in Two-Phase
Liquid-Liquid Flow.

Electrode for Measurement of Mass Transfer Coefficients in Climbing
Film Flow.
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examined and from these measurements attempts are being made to interpret
the individual polarization and kinetic phenomena. R. E. Meredith (Chemical Engineering Department).
Electrolytes Using Liquid Sulfur Dioxide. The purpose of this study is
to ascertain whether electrolytes employing liquid sulfur dioxide might compete with water, liquid ammonia, and fused salt systems in battery application. R. E. Meredith, M. J. Schaer (U. S. Naval Ordnance Laboratory,
Texaco Fellowship).
Gravitational Effects on Mass Transfer Phenomena in Electrochemical
Processes. Gravitational effects on mass transfer in electrochemical processes are studied. Particular emphasis is given to how limiting currents are
affected in energy producing devices such as batteries. R. E. Meredith,
J. R. Divine (National Science Foundation).
Phase Equilibria for the Sucrose -Potassium Chloride -Water System on
Dowex 50 W X 4 Resin (K1) at 90' C. Equilibrium data for the sucrosepotassium chloride-water system on Dowex 50 W X 4 resin were determined
at 90' C. This study was carried out so that the processing of this system
by continuous, countercurrent ion-exchange could be investigated. R. V.
Mrazek, S. L. Kaiwani (Chemical Engineering Department Teaching
Assistantship).

Continuous Ion Exchange. This project consists of the design of a continuous, countercurrent pulsed ion-exchange column and an investigation
of the pertinent operating variables for the copper sulfate -sodium sulfate water system on Dowex 50 W X 8 resin. R. V. Mrazek, R. S. Olsen
(Engineering Experiment Station).
Kinetics of the Thermal Decomposition of Tungsten Hexacarbonyl.
The therxnal decomposition of tungsten hexacarbonyl is used commercially
in the formation of a tungsten plate. This investigation was carried out
to determine the nature of the process so that an insight to the required reaction conditions for the formation of a good plate could be obtained. The
reaction was determined to be of a mixed homogeneous and heterogeneous
nature, both forms being first order. The activation energies and controfling
steps for both forms of the decomposition were determined. The presence
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Continuous Ion Exchange Column.
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of carbon and oxygen in commercial tungsten plates formed from this
reaction was found to be caused by a side reaction of tungsten and carbon
monoxide to form carbon and tungsten oxide. R. V. Mrazek, S. B. Knapp,
J. B. Halladay (U. S. Bureau of Mines, National Science Foundation
Traineeship).

Low Temperature Calorimetry. The heat capacities of rare- earth
halides are studied over a temperature range of 20-30CP K by utilizing a

calorimeter maintained in a Helium cryostat. R V. Mrazek, C. E. Wicks,
C. J. Chatlynne (National Aeronautics and Space Administration Fellowship).

The Effect of Concentration on Diffusion Coefficients in Binary Gaseous
Systems. Diffusion coefficients were determined for the chloroform-air
system at 5( C and for the methanol-air system at 550 C by the Arnold-cell
technique. The effect of concentration was studied by varying the concentration of the gas stream passing across the top of the Arnold cell. The
chloroform-air system exhibited a strong concentration dependence, while
the methanol-air system exhibited almost none. R. V. Mrazek, C.E.
Wici, K. N. S. Prabhu (Chemical Engineering Department Teaching

Aistantship).
Transpiration Cooling of a Cylinder in Crossflow The effects of mass
transfer rate on the heat, mass, and momentum transfer through steady,
constant-property, laminar boundary layers on two-dimensional and axisymmetrical bodies are being studied experimentally and theoretically.
The effects of Reynolds number, injection rate, and turbulent intensity on
the heat transfer characteristics of the laminar and separated regions are of
interest. C. E. Wicks, E. EJ.zy (National Defense Education Act Fellowship,
Engineering Experiment Station).
Mass Transfer to Gas Bubbles Entrained by Plunging Laminar Liquid Jet.
A free-vertical jet of liquid plunging into a quiescent surface of the same
liquid entrains the surrounding gas into the receiving liquid to form bubbles.
Mass transfer from the surrounding gas into the liquid may result. The
effects of Reynolds number, Schmidt number, and fluid and gas properties
on mass transfer phenomena are being studied. C. E. Wicks, R. V.
Mrazek, G. E. Swiggett (National Defense Education Act Fellowship).
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Wind Tunnel for Heat and Mass Transfer Studies.

Performance of a Packed Distillation Column with Zone-Induction
Heating of the Packing. Energy generated by the induction heating on
metallic packing can generate surface boiling. Bubbles rising across the
liquid film reduce its resistance to mass transfer, improving column
efficiency. The rate of heat generation, system physical properties, flow
rates and column efficiency are being studied. C. E. Wicks, R. V. Mrazek,
M. D. Brady, C. L. Hundley (National Defense Education Act Fellowship,
Chemical Engineering Department).

35

36

CIVIL ENGINEERING

F. J. Burgess, Department Head
Soil Survey. A program of soil sampling and testing is being conducted
to establish basic engineering properties and to correlate engineering properties with soils classifications as determined by the Soil Conservation
Service. It is expected that this information will be of value in highway
design and location choices. G. W. Beecroft, E. R. Biggs, M. Marachi
(Bureau of Public Roads through Oregon State Highway Department).
Energy Reguirementi of Soil Compaction. Soils may be compacted by
several different methods. The several methods produce end products which
may have different engineering properties. This investigation studies the
energy requirements of the various methods to produce comparable end
products. J. R. Bell (1-lyster Company).
The Mechanism of Soil Stabilization with Aqueous Organic Solvents.
The soil air-water-solids system is extremely complex. The engineering
properties of a soil are macroscopic expressions of the microscopic physicalchemical characteristics of the system. This is an investigation of the
mechanisms by which treatment with an aqueous organic solvent alter the
soil properties. J. R. Bell (Zel Chemical Distributing Company).

Water Reuse - Quantity Quality Effects. This project involves a long
range research program of investigating methods for treatment of waste
whereby it may be reclaimed as a usable water supply. The initial research is on a method of chemical treatment, filtration and carbon adsorption. The first year of the project has been devoted to construction of a
2000-square foot Water Research Demonstration Laboratory on land donated
by the City of Corvallis that is adjacent to a new waste disposal plant.
F. J. Burnes D, C. Phillips (Federal Water Pollution Control Administration, Oregon State University, City of Corvallis).
Foam Separation of Organic and Toxic Components from Kraft Pulp
Mill Wastes. This investigation evaluated the feasibility of using foam
separation techniques to remove organic and toxic materials from kraft mill
wastes. Foam separation is accomplished by air diffusion and addition of

surfactants as needed. The rate of air diffusion, volume of foamate and
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Foam Separation Column for Removal of Organic and Toxic Components
from Kraft Pulp Mill Wastes.
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Carbon Absorption Columns and Sanipline Device.

Georgia Pacific Mill, Toledo, Oregon.
(Cooperating in study Waste Disposal in Marine Waters.)
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mass balances for the system are included in the study. Toxicity is measured by cooperating fisheries scientists through a larval bioassay using the
organism Mytilus edilus F. ]. Burgess, J. L. Blazier (U. S. Public Health
Service Traineeship).
An Evaluation of Planning for Water Quality Management in the
Willamette River Basin. The history of water laws and institutional organization are traced and evaluated in terms of their effectiveness to accomplish
modern day engineering planning for water quality control. F. J. Burgess
K. D. Kirkpatrick (Federal Water Pollution Control Administration Direct
Salary Grant).
Removal of Toxic and Organic Materials from Kraft Mill Condensates
by Carbon Adsorption Treatment. Carbon adsorption treatment of evaporator condensates from kraft process of pulp and paper making are being
studied. Parameters being evaluated are removal of organic matter and
toxic materials responsible for water pollution. Toxicity evaluation is
being done cooperatively by scientists from Fisheries and Wildlife departments. Reaction kinetics, treatment criteria, and costs are included in
the study. F. 1. Burgess, S. P. Hansen (U. S. Public Health Service
Traineeship).
The Effect of Surface Configuration upon Evaporation from a Porous
Stream Model. Heat pollution and stream temperature modification is a
serious water quality problem. Lack of information on determination of
evaporative heat losses is a major obstacle in applying an energy budget
approach to stream temperature predictions. This project investigates the
effect of surface configuration upon evaporation from a model stream surface
and compares the various mass transfer equations. Wave steepness and shape,
wind speed and turbulence structure of the overlying air mass are included
as parameters. F. 1. Burgess, B. A. Tichenor (U. S. Public Health Service
Traineeship).
Pulp Mill Waste Disposal in Marine Waters, This is an interdisciplinary
research effort between engineering and fisheries scientists to evaluate the
problems of disposal of kraft mill pulp wastes in marine waters. Engineering studies involve investigations of treatment methods for the removal of
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toxic and organic components of wastes. Biological studies involve the
development of bioassay methods for measurement of the efficiency of disposal methods. These studies involve the use of the embiyo of the bay
mussel and the Pacific oyster in addition to certain estuarial fishes which
are used for bioassay evaluation. The Georgia-Pacific Corporation at
Toledo is cooperating in the study. F. L Burgess, R. E. Dimick, W. P.
Breese, R. C. Courtright (U. S. Public Health Service, Georgia-Pacific
Company cooperating).

Design Criteria for Waste Water Lagoons in Maritime Climates. This
activity culminated 5 years of research effort to determine the design
criteria for waste lagoons in maritime climates. A final report on the
findings is available through the Engineering Experiment Station. L.1.
Burgess, M E. Northcraft (If. S. Public Health Service).

Experimental Waste Water Lagoon.

Civil Engineering

Elastically Supported Beam Columxss. An iteration method, using an
extension of Newmark's method, was developed to determine the critical
buckling load of a column elastically supported at midspan by a spring of
variable stiffness. H. 1. Laursen, D. Ching (Civil Engineering Department).

Matrix Analysis of Structures with Semirigid Connections. The displacement method of matrix analysis was extended to include the effects of semi rigid connections between the members of a structure. Results of analyses
including the semirigid effects were compared with rigid-connection
analyses. H. I. Laurses, J. Grant (National Defense Education Act Fellowship).

Stability of Elastically Restrained Framed Structures by Matrix Analys
The critical buckling loads of portal frames, restrained from lateral movement by varying degrees of elastic restraint at the level of the horizontal
member, were determined. The results were compared with the limiting
values obtained earlier by classical methods, i. e., sidesway prevented
and sidesway permitted. H. I, Laursen, 0. Albertson (National Defense
Education Act Fellowship).

Pile Group Analysis Considering Rigid and Semirigid Foundation Conditions. The displacement method of matrix analysis was extended to
analyze the behavior of pile groups (dolphins) which are elastically supported at their base. Results of analyses are included demonstrating the
change in memberforces due to variation in the stiffness of the base support.
H. I. Laursen J. Winchester (National Defense Education Act Fellowship).

Web Stresses in Vierendeel Girders. A continuing analytical and experimental investigation of stresses in webs of fabricated steel girders with
rectangular holes of varying proportions in the webs. The holes are not
reinforced in any manner and have varying longitudinal dimensions. Test
beams are instrumented to determine strains and deflections, and have been
tested to destruction. T. 3. McClellan, W. Landers, W. Russell (Cooper
and Ross and Associates, Fought Steel Company, Civil Engineering Department, Engineering Experiment Station).
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Shear and Buckling Test of Vierendeel Girders.

The Adsori:tion of Dieldrin by Activated Carbon, The adsorption isotherms of dieldrin on several different activated carbons were determined.
Continuous flow adsorption columns were operated to determine column life,
adsorition wave travel rate, and removal efficiencies. F. Merrvfi]4, M. H.
Hardman (American Water Works Association Fellowship, City of Corvallis,
U. S. Public Health Service).

Creep in Wood Beams: Relative Importance of the Shearing and Normal
Modes. Laboratosy investigation of time -dependent deflections of wood
beams under constant load is being carried out. The data will be used to
distinguish between normal and shearing strains, and to determine the relative magnitudes of deflection resulting from each mode of action. J
Peterson, H. T. Capell (Department of Civil Engineering Teaching Assistantship).
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Time-Dependent Behavior of Wood Beams Prestressed with Bonded

Tension Elements. The objective of this project is to learn how wood beams,
prestressed with bonded tension elements, behave when loaded for extended
periods of time. Data will reveal deflections periodically. Of perhaps
equal importance, qualitative information will be obtained regarding the
permanence of the wood-steel adhesive bond. 1. Peterson (U. S. Forest
Products Laboratory).

Degradation of Kraft Pulping Wastes in Marine Waters. Degradation
rates of whole mill effluents at different concentrations in sea water at two
different salinities were determined by reduction of: (1) 5 day, 2O BOD;
(2) lignin concentration as measured by the Pearl-Benson Index; (3) toxicity
to the common bay mussel (Mytilus edulis L.). D. C. Phillips, G. L.
O'Neal (U. S. Public Health Service Traineeship).

An Investigation of Alternative Means of Achieving Water Quality
Objectives. The cost of achieving water quality objectives by waste treatment alone or in combination with storage of dilution water is investigated
for a complex river basin. An analytical model is developed and a minimum cost is obtained employing nonlinear programming techniques. Final
results include the degree of treatment required of each discharger. D.C.
Phillips, K. D. Kern (U. S. Public Health Service Traineeship).

Some Aspects of the Biological Metabolism of a Partially Colloidal
Substrate. This study extends work on the BOD progression in a partially
colloidal substrate. The study verifies the occurrence of a reproducible
plateau coincident with maximum cell growth similar to that observed
in soluble substrates. A statistical analysis of the plateau data shows a complete accounting of ultimate BOD in terms of the respiration and synthesis

components. D. C. Phillips, R. H. Berg (U. S. Public Health Service
Traineeship).
Comparison Between Thermophilic and Mesophilic Aerobic Biological
Treatment of a Synthetic Organic Waste. Treatment of an organic substrate is being investigated through the temperature range of 2CY C to
6S C. Bench-scale, batch-fed, mixed aerobic cultures immersed in
constant temperature baths are being used. Reaction kinetics are being
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evaluated by 2 uptake measurement. Nitrification, COD removal, BOD
removal, and solids production are being determined. D. C. Phillips, L. E.
Streebin (U. S. Public Health Service Traineeship).

loint Treatment of Perchiorate Wastes with Domestic Sewage. The
effects of various concentrations of potassium perchiorate on the treatment
of an organic waste were studied. Trickling filter conditions were simulated
by means of a rolling tube biological contact bed. BOD and perchlorate removals were determined. The effect of shock loading was investigated.
D. C. Phillips, L. 0. Cox (U. S. Public Health Service Traineeship).
Mechanics of Mixing Thermally Stratified Reservoirs by Jet Diffusion.
Search for analytical solution to determine mixing results from introduction
of warm (epilimnionic) water vertically near the bottom of a reservoir with
a non-linear density (temperature) stratification. Effects of initial momentum, initial bouyancy, variable density gradient, and variable reservoir
dimensions are considered. D. C. Phillips, D. J. Baumgartner (Federal
Water Pollution Control Administration direct salary grant).

The Effect of Several Different Insecticides on Biological Oxidation.
The effect of DDT, Diazionon and dieldrin on the biochemical oxygen
demand test was studied. The effects of various concentrations of the insecticides on total 02 demand, nitrification and the lag time were measured. D. C. Phillips, W. Norris (U. S. Public Health Service Traineeship).

Alum Coagulation in Conjunction with Activated Sludge Treatment
of Corn Process Waters. The use of an alum coagulant added directly to
the mixed liquor in the aeration chamber was investigated. Detention
times of 6, 10, 16, and 24 hours and alum dosages of 0, 50, 100, and
200 mg/L were used. Lime was added to promote coagulation and control
the pH. BOD removal, solids removal and solids production were meas-

ured. D. C. Phillips, H. Jensen (U. S. Public Health Service Traineeship).

Virus Removal by High Rate Sand Filtration. Efficiency of virus removal by a split bed sand filter as a function of pH and filtration rate is

46

Civil Engineering

being investigated using an alum coagulant and several different coagulant
aids. The tracer virus is an E. coli bacteriophage. Length of filter runs
and relationship between turbidity removal and virus removal are being
evaluated. D. C. PhiUips, R. Chapman (U. S. Public Health Service
Traineeship).
Factors Influencing Stream Temperatures. Evaluation of radiation
contribution to stream heating with major attention to longwave sources
such as terrain. Evaporation from turbulent surfaces executed in two parts:
(1) model study using plaster surfaces, and (2) field study encompassing
data collection at a number of locations throughout the state. J. Seaders,

L. S. Slotta, R. Stillwell, R. Mart, S. Morse (U. S. Public Health Service).
The Effect of the Diameter and Spacing of Manifold Outlets on
Manifold Flow. The effect of lateral spacing and lateral diameter on the
flow characteristics of a three-dimensional blowing manifold was determined in a laboratory investigation. L. S. Slotta, M. D. Coleman
(U. S. Public Health Service).

Stratified Reservoir Currents. This study concems the fluid dynamics
of thermally stratified reservoirs. The goal of this research is to determine
means by which the quality of water withdrawn from a reservoir can be
controlled and best quality maintained by selective withdrawal. The investigation will consist of a model study and a mathematical study via
computer simulation to verify model behavior in terms of physical factors
involved. L. S. Slotta (U. S. Public Health Service).
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instrumentation on the Rogue
River, Oregon during the summer
of 1965 using portable units for
measuring solar radiation, wind

velocity, humidity, air and
water temperature, etc.
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L. N. Stone, Department Head
Electromagnet and Regulator Design. This study involves the design
of the magnet structure and "sampled-data" regulating system for high
speed response and 1 part in 10 stability. G. C. Alexander, K. Airick
(Graduate Research Council).
Gaseous Optical Maser. This is a study of a gaseous optical maser with
respect to variations in light output with discharge length and diameter
and with gas pressures and mixture ratios. G. C. Alexander, R. F. Adrion,
K. E. Freytag (Graduate Research Council, Engineering Experiment Station,
Electrical and Electronic Engineering Department Teaching Assistantship).
Transfer Characteristics of Optoelectric Coupling in Amplifiers. This
project is an investigation of the properties of an optoelectrical coupling
element utilized as a high-speed switching device. The transfer characteristics will be determined, and practical circuit configurations given.
D. L. Amort. F. E. Vescelus (Electrical and Electronic Engineering Department).

Analysis of a Tunnel-Diode Delay-Line Reflex Memory Cell. The
operation of a tunnel-diode delay-line memory cell was examined in some
detail, and a digital computer program which simulates the operation of
the memory cell was developed. The data from the computer simulation
was compared with experimental data and found to agree very closely for
clock frequencies up to 100 M1-Iz. D. L. Amort, R. L. Johnson (Electrical
and Electronic Engineering Department).
Sonic Detection of Internal Decay in Wood Poles. Utility poles
normally decay from the center outward. At present no effective, nondestructive method of determining the presence or extent of this internal
decay is available. A prototype unit for the sonic detection of internal
decay is being developed. Previous investigation has shown that the natural
modes of vibration are a function of the presence or absence of internal
decay, and the extent and location of the decay pocket. The field test
unit obtains a frequency spectrum of the natural modes of vibration in the
pole. L. C. Jens, D. M. Raikoglo (Bonneville Power Administration).
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Gaseous Maser.

Synthesis of Active Filters Employing Thin-Film Distributed Parameter Networks. A thin-film structure has been employed in the synthesis
of active-RC filters. The conductive layer of the thin-film distributedparameter network is cut in suth a way that the poles and zeros of the network function are realized. An experimental thin-film circuit was constructed. Very good correlation with theoretical results was obtained.
L. C. Jensen, D. C. Barker (Electrical and Electronic Engineering Department).

A Controlled Negative-Resistance for the Realization of Certuin Network Functions. A circuit which functions as a negative resistance over a
large frequency range, (over 2 megahertz) has been designed and tested.
Biasing of the active network as concerns the synthesis of the network were
considered. Networks employing the active network were synthesized and
compared with the theoretical specifications with excellent results. L. C.
Jensei, J. D. Wagner (Electrical and Electronic Engineering Department
Teaching Assistantahip).
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Field Test Unit Developed for the Sonic Detection of Internal Decay
in Wood Poles.

A Method for the Synthesis of Transfer Functions with Complex Termi
nation. Synthesis methods for terminated networks normally consider only
the synthesis of networks with resistive terminations. Some work has been
done on the realization of networks with complex terminations through the
use of ideal transformers. A method of realization of networks with complex
terminations without the use of transformers has been developed. This
method will permit the realization of a large class of functions by passive
networks. This can be greatly extended by the use of active network synthesis. L. C. Jensen, J. A. Nagaki (Electrical and Electronic Engineering
Department).
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Reduction of the Number of Elements in RC and RC -MC Two -Part
Networks. Many synthesis methods require the introduction of arbitrary
polynomials. This is true of all active synthesis methods. It is possible in
many cases, through the proper selection of this polynomial, to minimize
the number of elements in the resulting network. Methods employed in the
selection of the polynomial include decomposition of the specified polynomials, completion of the square to permit pole-zero cancellation, and
trial-and-error methods. A computer program for synthesis of ladder networks has been written to facilitate trial and error methods. L. C. Jensen,
G. E. Papageorge (Engineering Experiment Station).

Propagation of Sonic Waves in Wood. Investigation of the natural
modes of vibration in a wood pole indicates that there are vibrations present
that are of a much higher frequency than would normally be expected. The
source, nature, and propagation of these waves is being investigated. Investigation to date indicates these modes of vibration are local in nature and
result from either a deformation of the pole between the annular rings or a
deformation or vibration of the tracheids. There appears to be at least two
modes of propagation. L. C. Jensen, R. E. Shelley (U. S. Department of
Agriculture - Forest Service).

Thin-Film Wideband Tunnel-Diode Amplifier. Wideband tunneldiode amplifiers using common-base transistor stages for isolation were investigated for stability criteria, frequency response, and the effects of
temperature and voltage supply fluctuations. 1. C. Looney, E. J. Hsieh
(Tektronix, Inc., Electrical and Electronic Engineering Department Teaching Assistantahip).
Deterioration of Gallium Arsenide Diodes, Irreversible changes in the
diode characteristics as a function of forward bias current were studied. Of
the three types of diodes investigated, point-contact, bonded, and zinc

diffused, the bonded type was the most stable. J,. Looney, S. S. Matsuo
(Tektronix, Inc., National Aeronautics and Space Administration Fellowship).

Determination of Sub-Nanogram Quantities of Boron by Diffusion in
Silicon. A technique was investigated in which a silicon crystal was used
as a very sensitive detector of sub-nanogram quantities of boron. The
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Vacuum Furnace in Solid State Laboratory.
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unimown quantity of boron was spread uniformly on the surface of an N-type
silicon wafer which was then baked for diffusion. The measured depth of
the P-N junction was related to the concentration distribution and the
quantity of boron per cm2 of silicon surface was obtained from curves for a
Gaussian distribution. This method can detect quantities of boron of the
order of 10-14 grams which is far below the limit of sensitivity of any
other method. I. C. Looney, S. P. Khanna (Electrical and Electronic
Engineering Department).

Field-Effect Transistor Noise at Low Temperatures. The noise characteristics of silicon junction field-effect transistors are calculated and measured for operating temperatures between 770 K and 30(IP K. Low frequency
noise spectra are investigated for different geometries and channel doping.
The results are applied to the design of a low-noise cooled, field-effect
transistor preamplifier. J. C. Looney, R. A. Spaulding (Electrical and
Electronic Engineering Department).
Microwave Methods of Measuring Resistivity of Gallium Arsenide.
The resistivity of gallium arsenide was determined by measuring the attenuation of microwave energy at 7600 megacycles which was transmitted
through a wafer. The resistivity of N and P type gallium arsenide, both
single crystal and polycrystalline, was measured by this technique. 1. C.
Looney, A. C. Quinn (Bonneville Power Administration, Monsanto Company).

Solid State Display Devices. An investigation of electroluminescent
devices for digital and scanning type displays. Light emitting diodes
made from GaAsP material are fabricated in matrices for numerical readout. 1. C. Looney, S. P. llan.na, R. D. Mundell, J. P. K. Lo (Tek-

tronix, Inc.).
Vacuum Deposition of Silicon Monoxide for Capacitors. The experimental procedure for evaporating silicon monoxide, the effects of source
temperature and source substrate distance on the deposition rate, and the
uniformity of deposited dielectric films have been studied. Measurements
of SiO capacitors such as capacitance, dissipation factor, break down
voltage, dielectric constant and leakage resistance have been investigated.
LC. Loonçy, J. P. K. Lo (Electrical and Electronic Engineering Department).
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A Diode Matrix Address Method Using Piezoelectric Material. The
device Consists of a dimensional crystal of BaTiO3 in which resonate standing elastic waves are produced. The elastic waves Create a surface deformation in the piezoelectric material's surface and therefore a proportional
voltage. By varying the applied driving voltage frequency, different and
unique crystal planes are set to rcsonate. A conductive stripping pattern
senses the voltage at the induced resonate plane and transfers this voltage to

drive elements of a diode matrix. Frequency, voltage output, capacitance
and open and short circuit parameters are tabulated and an evaluation of
the method made with respect to a commercially available diode array.
1. C. Looney, R. Pogozelski (Tektronix, Inc., National Science Foundation
Traineeship).

Reactively Sputtered Films of Silicon Nitride for Diffusion Masking.
Research is being conducted on reactive sputtering of silicon nitride films.
Such parameters as film thickness and uniformity as function of voltage,
distance from cathode, and pressure are being investigated. These
sputtered films will be used as a mask against impurity diffusion in silicon
and gallium arsenide. 1. C. Looney, D. R. Delzer (Electrical and Electronic
Engineering Department, National Aeronautics and Space Administration
Fellowship).
Physical Properties of Gallium Arsenide Phosphide Electroluminescent
Diodes. An investigation of light output wavelength and intensity, switching speed, and excitation requirements for various material compositions.
I. C. Looney, R. D. Mundell (Electrical and Electronic Engineering
Department).

Piezoelectric Scanning Device. The purpose of this project is to investigate the possibility of utilizing piezoelectric crystal filter elements as
the selection circuit of an X-Y Drive scanning device. In this case a
frequency modulated signal can be used to scan a solid-state display array
in a coincidence manner. J. C. Looney, D. K-P. Cheung (Electrical
and Electronic Engineering Department).
Circuit Characterization for Efficient Computer Analysis. This investigation develops guidelines for efficiently modeling active devices and
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circuits for time-domain analysis using general network analysis computer
programs. The amount of computer time required for large-signal transient
analyses is investigated both analytically and experimentally in terms of
the network parameters. 1. C. Looney, W. G. Magnuson (Lawrence Radiation Laboratories).

Vacuum Deposition of Thin-Film Electroluminescent Diodes. Flash
evaporation is being investigated as a possible technique for obtaining thin
epitaxial f'ilms of gallium arsenide phosphide material which would then be
used for solid-state display matrices. 1. C. Looney. S. S. Matsuo (Electrical
and Electronic Engineering Department, Tektronix, Inc.).
Gallium Arsenide Field-Effect Transistors. Thin films of GaAs are
being investigated for use in making field-effect transistors. If thin film
GaAs electrical characteristics can be obtained which are similar to bulk
GaAs characteristics, the resultant FET's would have higher frequency performance than similar silicon units. J. C. Looney (Tektronix, Inc.).

Determination of a Model for a Human Operator which Includes LearnThe purpose of this research is to determine a dynamical model of a
human operator in a simple feedback loop that includes learning. The
principal objective is to develop a means of identifying the input to the
system in terms of performance index measures and derived information.
With a suitable identification scheme, then a learning control model can
be developed. J L. Saugen, S. Y. Cheng (Engineering Experiment Station).

Application of Learning and Adaptive Control to Real Problems. A
deficiency exists in practical methods for applying the concepts of learning
and adaptive control. The purpose of this research is to develop new
techniques for applying learning and adaptive control to meaningful
problems. A primary objective is to speed up the process of learning.
b L. Saugep, M. J. Morgan (Electrical and Electronic Engineering).

High-Voltage Direct-Current Insulation Studies. The leakage current
and voltage distribution on high-voltage insulation is being investigated
for direct-current applications. Since there has been very little work in
this area, the first phase of this work is concerned with determining which
parameters are of importance. L. N. Stone (Bonneville Power Administration).
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High Voltage Laboratory in Department of Electrical and Electronic Engineering.
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SIDAC-I A Simulated Digital-Analog Computer. The operation of
a hybrid (analog-digital) computer is simulated oss the IBM 1620. This
provides an opportunity to study the characteristics of this type of computer
for various types of applications. L. N. Stone, M. Ordeedolchest (Electrical
and Electronic Engineering Department).
Majority Logic Circuits. Specific investigation of various electronic
circuits that can be used for realization of majority logic circuits. The consideration of the tolerance of the parameters of the various components was
specifically investigated to determine their influence on design. L. N. Ston,
S. K. Anand (Electrical and Electronic Engineering Department).

Logic Circuit Design of a 41-Bit Residue Arithmetic Unit. An investigation of the limitations and possibilities of using the non-carry properties of
residue number system arithmetic in the arithmetic unit of a digital computer
L. N. Stone, R. T. Routhieaux (Electrical and Electronic Engineering Department Teaching Assistantship).
Absorption Current in Dielectrics. Measurements were made as a function
of time of both the absorption and adsorption currents of a thin dielectric film
of "Saran Wrap." The influence of the external circuit was investigated.
L. N. Stone, W. A. Mittelstadt (Electrical and Electronic Engineering Departxmsnt).

Computer Aided Majority Logic Design. Development of a digital computer program to permit the design of minimal majority logic networks. In
order to successfully apply majority logic to general logic functions the use
of the computer program is essential. L. N. Stone, R. L. Schiele (Electrical
and Electronic Engineering Department, National Science Foundation
Traineeship).

A System of Ternary Logic for Arithmetic Operations. This study is
designed to provide a system of ternary logic in order that it can be evaluated
for use in arithmetic operations for digital computers. L. N. Stone, S. Hu
(Electrical and Electronic Engineering Department).
Logic Design with Threshold Logic Gates. This is an investigation to
provide a system of design using threshold logic gates so that, an evaluation
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can be made of their use in arithmetic operations for digital computers.
L. N. Stone, P. D. Siemens (Electrical and Electronic Engineering Departnnt Teaching Assistantship).
An Iron-Oxide-Film Memory Element. An investigation of the possibilities of using magnetic recording tape as a memory element. If the
results are favorable this will permit the simplification of mass memory
construction for digital computers. L. N. Stone, P. Lee (Electrical and
Electronic Engineering Department).
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L. Siegel, Department Head

Particulate Emissions from Wood Waste Combustion. This project
is directed toward obtaining data concerning particulate emissions from
saw miii waste burners. Information is being obtained concerning the
character, quantity, size distribution, transport characteristics, soiling
properties, and visibility reduction effects of the solid particulates under
varying operating conditions. R. W. Boubel, K. Wise (U. S. Public
Health Service, Division of Air Pollution).
A Study of Wood Waste Disposal by Combustion and its Effect on Air
Quality in the Medford Area. A thorough study was conducted in the
Medford area of all wood burning sources and their effect on the atmospheric
environment. Letters were written to all owners of these sources listing
suggested improvements. Air pollution in the Medford area was found to
be highly correlated with wood combustion. R. W. Bouk, C. E.
Thornburgh, B. R. Pavelka (Associated Oregon Industries).

Water-Hammer Analysis of a Pipe System Due to a Sudden Pump
Failure. The pressure variations in a pipe system due to water-hammer
from a sudden pump failure are analysed and utilized in the design of surge
tanks and by-pass valves. An analog computer program of the pump-pipe
system is solved by the PACTOLUS simulator on the digital IBM 1620 computer. H. J. Dahlke, W. C. Chan (Mechanical and Industrial Engineering
Department).

Design of a Photoelastic Load Cell. The design of a compact, inexpensive load cell based on the photoelastic principle is being investigated.
Emphasis is being placed on a small, reliable, and rugged load cell with
inexpensive read-out equipment. H. J. Dahike, W. Zimmerman (National
Science Foundation Fellowship).
Experimental Stress Analysis Techniques Applied to Wood. It is the
object of this investigation to develop an experimental method of measuring stresses in lumber and to evaluate the various methods, such as photoelastic coatings, strain gages, Moire techniques, and grid techniques, which
can be applied to this study. Of special interest is the study of stress
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Stresses in a Wood Beam Using a Photoelastic Coating.

Studies of High Lead Logging Performance.
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distribution around knots and around joints in laminated lumber. H. J.
Dahike, D. W. Fritz, K. Nishiolca (Weyerhaeuser Company, Engineering
Experiment Station).
The Design and Control of Production Changes. Immediate and continuous evaluation of line and staff managers is possible through 5 "singleconcept" phases of case problems dealing with changes in production processes. Inductive learning, empathy, an outline of accepted procedures,
theoretical and actual solutions are used as appraisal means for effective
programming for learning. Cases are tailor-made to fit the anatomy of a
specific organization. W. Engesser, Management Personnel of Hyster,
Tektronix, Crown Zellerbach (Mechanical and Industrial Engineering Department).
Esti mating Highlead Logging Performance Through Statistical Models.
Procedures for production prediction from tabular data are based on tables
generated from ten statistically determined models of regular and irregular
elements of highlead yarding operations. Twenty-six variables are identified. Regression analysis showed the relative effects of the most predominant variable in individual and gross elements. Because of the limited
range, only 13 of the 26 variables appear in current models; however, the
procedures for converting further field data for computer input is illustrated.
W. Engesser, H. E. Chamberlain (Western Management Science Institute,
Crown Zellerbach Corporation).

Tractor Logging Performance Data. Procedures for collecting and
analyzing field data by manual or computer techniques were developed.
Some 24 variables effecting on the job performance are identified and
quantified. A preliminary field study showed a 26 percent allowance for
five irregular elements. An estimating formula was developed for ten
regular elements but insufficient data has been accumulated for meaningful accuracy measures. W. Engesser, H. E. Chamberlain (Western
Management Science Institute).

Newsmatter Error Causes and Costs. The identification of newsmatter
errors and costs show that in order of their frequency, errors can be classified into seven general types: spelling, transposition, style, space,
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punctuation, grammar, and others. In-process-correction costs per error
ranged from 0 to 6.67 cents, dependent on where the error was corrected.
Four hundred thirty-two errors are corrected in an average l6-page edition.
An open-end training film was produced as an aid to improvements.
W. Engesser, M. Inoue (Corvallis Gazette Times).
Newspaper Classified Ad Systems Analysis. Current and alternate pro-

cedures have been used to establish schematic models of classified ad procedures. Motion pictures are being used to further identify and analyze
current and future models. Further single-concept motion pictures will be
developed as a training aid for an improved system to control the frequency
of errors and the quality of classified newspaper advertisements. W. Engesser,
Judy Latham (Jackson Foundation).
Acoustic Switching of Turbulence Amplifiers. The purpose of this investigation was to determine the feasibility of switching fluid amplifiers
with acoustic tone signals. Switching of a turbulence amplifier was obtained
by acoustically produced interruption of the amplifier control jet. Switching times of about 0.2 second were obtained. Overall results indicate tone
switching of fluid amplifiers is feasible. L. E. Johnson, Y. S. Hsu (Engineering Experiment Station).

Fracture of Hardened, One-Phase Materials at Low Temperatures. This
study is intended as a transition between fundamental studies, involving
single crystals and high-purity materials, and engineering data investigations
of commercial alloys. Relatively simple, hardened, single phase, polycrystalline alloys will be studied in an attempt to extend the previous findings of fundamental studies on even simpler materials in the direction of
principles for the development of complex commercial alloys. R. D.
011eman, D. G. Goodrich (National Aeronautics and Space Administration
Fellowship).
Correlations Between Crystal Orientation, Deformation Texture, and
Indentation Anisotropy in Tungsten and Molybdenum Single Crystals. Hardness indentations and forging have been used to investigate the plastic
anisotropy of single crystals. A new model of plastic flow in the vicinity
of an indenter has been developed which gives excellent correlations with
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Judy Latham (right), Graduate Student in Industrial Engineering, participates in a Classified Ad Systems
Analysis at the Corvallis Gazette Times.
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experimental observations of plastic anisotropy, and which refutes the
foundation assumxions of previous models. Indentation studies have also
been shown to possess some distinct advantages over other experimental
techniques for the prediction of forging behavior and for the investigation
of deformation textures. R. D. 011eman, C. J. Sandwith (U. S. Bureau
of Mines Fellowship).

Creep Test of Aluminum Conductor Cable. Purpose of this research
is to obtain creep characteristics on aluminum conductor cable under various
conditions of prestress, tension, and time. 0. G. Paasche, L. E. Johnson,
Y. S. Shen (Bonneville Power Administration).
Nitrogen Oxide Fate in Engine Exhaust. The purpose of the work was
to determine the effects of injecting secondary air for combustion at the
exhaust ports of a gasoline engine on the oxides of nitrogen emissions in
the exhaust. The instrument for determining the oxide of nitrogen concentration was developed at this university. W. H. Paul, 1. G. Mingle, R. S.
Reid (LI. S. Public Health Service, Division of Air Poliution).
Oxides of Njtrogen from Afterburner Equipped Automobiles. A laboratory investigation using an engine directly connected to a dynamometer
which was fashioned with inertia flywheels. Oxides of nitrogen were
determined in the discharge of a direct flame afterburner throughout the
California seven-mode operating cycle. W. H. Papb J. C. Mingle,
G. D. Jams, N. R. Parkin (U. S. Public Health Service).
Oxides of Nitrogen from Air Added in Exhaust Ports. A laboratory investigation using a 196S model automobile equipped with exhaust manifold
air injection apparatus. Car was road loaded with a chassis dynamometer
equipped with inertia flywheel. "Instantaneous" quantities of oxides of
nitrogen determined throughout the California seven-mode cycle. W. H,
1. G. Mingle, R. Reid (U. S. Public Health Service).

Design and Development of a Mechanical Queueinz Simulator. A
multi-station, multi-queue simulator with variable arrival and service
rates was developed for analyzing waiting time situations not amenable to
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Test Car for Studying Oxide of Nitrogen in Engine Exhaust.

Mechanical Queueing Simulator.
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mathematical simulation. It is applicable to industrial problem analysis
and instructional use. 1. L. Riggs, V. C. Moose Jr. (Mechanical and
Industrial Engineering Department).
Development of Critical Path Scheduling Methodology. Investigation
of probability and accounting considerations as they influence project
estimating and control. Development of a refined manual analysis techniques and new procedures for more complete systems synthesis by critical

path methods, J. L. Riggs, K. Dervitsiotis, M. Inoue, R. Gordon (Mechanical and Industrial Engineering Department Teaching Assistaritship).

Attitude Stability of a Spinning Satellite Against Gravity ToNue. For
small disturbances, the attitude motions of a rigid body orbiting in an inverse-square force field have been well determined. For certain values of
parameters involving spin rate and inertial properties, the attitude has been
determined to be unstable. In other regions, the small-disturbance approximation is insufficient for predicting stability. This investigation seeks to
determine stability where the approximation fails. C. E. Smith, W. G.
Conn, H. T. Wang (Engineering Experiment Station).
Finned Tube Heat Transfer under Frosting Conditions. The determination
of heat transfer to a finned tube heat transfer coil as frost buildup occurs
when operating at temperatures below freezing. Measurements of transfer
coefficient as a function of amount of frost were considered.
Thornburgh, S. Vongsuri (Engineering Experiment Station).
A Study of Active Sites and Bubble Formation Frequency in Nucleate
Boiling Heat Transfer, A hot-film anemometer probe was used to determine
the distribution of active nucleation sites and the frequency of bubble formation in the nucleate boiling regime. Active sites were found to follow a
Poisson distribution. Bubble formation frequency was not measured with precision with this device. I, R. Welty, T. Aolci (Engineering Experiment
Station).

Drying Rates of Dougias Fir Veneer in Superheated Steam. Superheated
steam at 400, 600, and 8OCP F was used to dry douglas fir veneer. The
steam flow was parallel to the surface at a velocity of 10 ft/second. Drying
times were measured and convective heat transfer coefficients evaluated at
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Glass-ceramic seal heated at 1200° C for 12 hours, furnace-cooled to
1000° C, and then air-cooled. Although many of the crystals are yet too
small, some are large enough to be recognizable by their characteristic
habit.

each test condition. Significant reduction in required drying times presentiy achieved in veneer driers was realized. 1. R. Welty, G. H.
Atherton (Forest Research Laboratory).
An Investigation into the Mechanisms of Adherence Between Borosilicate Glass and Steatite Ceramic and Between Borosilicate Glass and Alumina
Ceramic. Three basic studies were performed to evaluate adherence in
the two glass-ceramic systems: x-ray diffraction patterns were obtained
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of the interfacial composition to evaluate compound formation; metallograic examinations were made of the interfacial region; and hydrostatic fracture tests were performed followed by microscopic examination
of the fracture surface. 1. R. Welty, R. Peck (Bell Laboratories).
Pump Performance Curves; Calculation by Computer. Design information and model data for pump performance prediction were parameterized,
programmed and estimated performance obtained using a digital computer.
1. R. Welty, W. Huntting (Bingham Pump Company).

Valveless PulsJ, The mechanism of mixing combustion and wave
propogation are being studied in a valveless pulse jet. R. E. Wilson,
L. D. Winnarski (National Science Foundation Traineeship).
Stress Waves in Beams. Stress waves in beams are being investigated
using the method of characteristics. R. E, Wilson, F. Seddigh (Mechanical and Industrial Engineering Department).
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NATIONAL COUNCIL FOR STREAM IMPROVEMENT

The following projects are being carried on in the research laboratory
of the National Council for Stream Improvement (of the Pulp, Paper, and
Paperboard Industries), Inc. The work is supported by grants from the
National Council for Stream Improvement, and funds for equipment,
supplies, and services are administered by the Engineering Experiment
Station. Research personnel include:
Russell 0. Blosser, West Coast Regional Engineer
Eben L. Owens, Development Engineer
Hal B. H. Cooper, Jr., Development Engineer
Land Disposal of Pulp Mill Effluents. A laboratory study to define the
factors affecting land disposal of pulp mill effluents as a method of effluent
disposal and irrigation water. Changes in effluent characteristics, soil
characteristics, and response of selected crops has been measured in the
laboratory when effluents are used as an irrigant. Fundamental factors
affecting the design and successful use of pulp mill as well as other effluents
in irrigation disposal have been developed. The laboratory investigations
are being compared with field observations where land disposal is practiced.
Effect of Chemically and Biologically Modified Pulping Effluents on
the Production of Fish. A laboratory study to determine whether various
chemical and biological modifications of pulp mill effluent are effective
in reducing their toxicity to finned fish. Pulp mill effluents are characterized and modified by known or proposed treatment schemes and subsequently
used in short term acute toxicity tests, growth studies, and productivity
studies in an effort to assess the value of these treatments commonly used
to protect water quality in protecting the aquatic environment.

Characterization, Treatment, and Possible Means of Reuse of Kraft
MU Condensates. A laboratory and field investigation to determine the
chemical and sanitary engineering characteristics of kraft mill condensates
and assess the effect of steatment on their composition, toxicity to finned
fish and odor threshold.
Characterization and Methods of Treating Hydraulic Barker Effluents.
The sanitary engineering characteristics of hydraulic barker effluents were
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determined in the laboratory and in the field. Existing methods of bark
particle removal were evaluated and more refined and effective techniques
for additional removal of particulates evaluated.
Secondary Scrubbing of Kraft Recovery Stack Effluents. A study to
determine means and evaluate the effectiveness of scrubbing stack gas. The
program encompasses laboratory evaluation of scrubbing techniques and
assessment of pilot and full-scale scrubbers to determine their role in the
reduction of emission of reduced sulfur gases and particulate matter.
Evaluation of Oxidation of Non-Condensable Off Gas from the Kraft
Industry. A field evaluation of the effectiveness of previously developed
laboratory methods of chemical and thermal oxidation of reduced sulfur
compounds with chlorine or by burning.
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Doctor of Philosophy

CLARK, Dwight Pocock

PhD ChE

"Thermally Activated Electrochemical Cells Using a Stabilized
Zirconia Electrolyte.
(R. E. Meredith)

The performance of solid metallic anodes on a solid electrolyte was
determined experimentally and data on cell current, cell voltage, opencircuit cell potential, and cell energy are presented. The cells were
built around a zirconia crucible, with a cathode being applied on the inside
base and the anode to the outside base of the crucible. The measured
open-circuit voltages were in satisfactory agreement with theoretical
values determined from standard free energy data at 1000° C. All cells
behaved as secondary batteries in that they could be recharged a number
of times following the initial discharge.

DIWNE, James Robert
PhD ChE
"Mass Transfer at Vertical Plane Electrodes as Affected by
Electrode Separation, Porous Separators and Acceleration."

(R. E. Meredith)
The electrolysis of Cu504-H2SO4 was studied under conditions of

variable acceleration, electrode length, and electrode spacing. The effect
of a porous separator which completely filled the inter-electrode region
was also studied. With no separator, it was found that at low mass
transfer rates and moderate concentrations the usual correlations obtained
from heat transfer analogies were sufficient for prediction of limiting
current densities. The porous separator produced unexpected
variation in the relationship of limiting current, acceleration, and bulk
concentration. An empirical correlation relating the Nusselt number to
the Schmidt number and a modified Grashof number was obtained.

KIM, Duk Hwang

PhD ChE

"Momentum Transfer in Climbing-Film Flow in an Annular Duct."
U. G. Knudsen)
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Momentum transfer in an annular duct with upward gas-liquid flow was
studied under the condition that the liquid flowed as a film on the inner
core of the annulus, the outer wall remaining dry. The study involved two
major areas, the first being an investigation of the mechanics of the air
flow in the annulus as affected by the presence of the climbing film, and
the second the study of the mechanics of flow of the climbing film itself.
The measured pressure losses agreed with those predicted by the classical
Lockhart-Martinelli correlation for two-phase flow in tubes. Air velocity
profiles were obtained and correlations for the velocity distribution and
location of the point of maximum velocity presented. The mean film
thickness of the climbing film was correlated with the Lockhart-Martinelli
parameters. As a first approximation, Kapitza's theory of wave formation
in the vertical plane with downward flow was extended to the climbing
film in an annular duct to obtain an expression for the mean film thickness
and the wave length. Comparison between theory and experiment was
found to be reasonably good.
PhD ChE

LANDSBERG, Arne

"Solid-Vapor Equilibria of Hafnium and Zirconium Tetrachiorides."
(C. E. Wicks)

The chemically similar elements of hafnium and zirconium occur
together in nature, and are difficult to separate using conventioiial methods
of separation. It would be economically beneficial if a separation could
be made by fractional sublimation of their tetrachlorides. An experimental
technique for determining solid-vapor equilibria of the hafnium tetra chloride-zirconium tetrachioride system was used to obtain basic data for
such a fractionating system. The data obtained, although somewhat scattered,
followed a Raoult's law-type relationship.

SCHAER, Michael Jon
"A Liquid Sulfur Dioxide Battery."

PhD ChE

(B. E. Meredith)
A liquid sulfur dioxide battery, such as K/KC1 SbC15 (0.25 molar)
+ IBr3 (15% wt) + SO2 (1)/carbon matrix is shown to have an open circuit
voltage greater than 3.7 volts and an initial voltage of 3.15 volts, decreasing
to 2.4 volts in 10 minutes at a current density of 20 ma. /sq. cm. at a
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temperature of 20° C. Polarization data is tabulated for the dissolution of

zinc, magnesium, calcium, lithium, sodium, and potassium. Data are
also tabulated for the reduction of lBr3 on porous stainless steel, flat
stainless steel, and a porous carbon matrix.
Master of Science
DAVIS, Bernard E.

MS ChE

"Efficiency of Thorium Extraction by Primary Amines as a Function
of Pulse Frequency and Amplitude in a Pulsed Seive-Plate Column."
(J. S. Walton)

The amine extraction process is evaluated for pulse column operation.
A low-range fluorometric thorium analytical method, adapted from the
literature, is presented. Pulse column operational data are presented
showing stable and efficient extraction operation in a pulse frequencyamplitude range of 110 to 180 in. 1mm. The data obtained represents
a separation factor greater than 2500.

LEGAN, Robert William
MSNE
"Friction Loss and Heat Transfer Characteristics for Turbulent
Flow of Liquid-Liquid Dispersions."

(J. C. Knudsen)

The momentum and heat transfer characteristics of liquid-liquid
dispersions flowing turbulently in circular tubes were studied. Heat
transfer coefficients and friction factor for dispersions of various concentrations of two petroleum oils in water were obtained. An effective
dispersion viscosity was obtained by fitting the experimental data to the
Blasius friction factor equation. In correlating the heat transfer results
to Colburn's equation, the effective viscosity of the dispersions obtained
from pressure loss measurements was used while the Prandtl number was
that of the continuous phase at the bulk temperature.

NOLAN, Lawrence Lyle
MS ChE
"Incipient Boiling and Burnout Heat Flux for Subcooled Water

Flowing in Annuli Containing Heated Concentric Wires."
(J. C. Knudsen)
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Incipient boiling and burnout heat fluxes were studied for subcooled
forced convection annular flow in annuli containing concentric wires
varying from 0.01 to 0.02 inches in diameter. Incipient boiling heat fluxes
varied from 70,000 to 250,000 BTU/(hr. ft.2) while burnout heat fluxes
ranged from 600,000 to 900,000 BTU/(hr. ft. 2). For the range of operating
conditions investigated it was found that the heat transfer coefficient at
incipient boiling was much less than predicted by conventional empirical
equations.
MS ChE
SUTTON, Richard Frederich, Jr.
'The Electrical Conductance of Aqueous Solutions in Kaolin
Membranes."
(R. E. Meredith)

The relative conductance at room temperature of a solution in kaolin
membranes was studied as a function of the volume fraction of the
membrane. The relative conductance was linear with solid volume
fraction over a range of volume fractions from 0.422 to 0. 776. At volume
fractions less than 0. 5 the relative conductance was definitely greater than
would be expected from an inert membrane. The enhancement of conductance was attributed to surface conduction along the pores of the membranes.
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Doctor of Philoso1±y

KNAPP, Samuel Boyd

PhD CEE

"Kinetics of the Thermal Decomposition of Tungsten Hexacarbonyl."
(R. V. Mrazek)
The thermal decomposition of tungsten hexacarbonyl was investigated
in an apparatus which allowed a solid sample of the material to be sealed
into a prtheated batch reactor. The reaction was found to be first order;
the observed ranges in activation energy and pre -exponential factors were
8
39.6 to 45. 8 kilocalories per gram mole and 1013.7 to
per second,
respectively. Energy considerations and the observed rate law indicate
that the slow step in the homogeneous reaction is probably the decomposition
of tungsten hexacarbonyl to tungsten pentacarbonyl. The slow step in the
heterogeneous postion of the reaction is believed to be the conversion of
absorbed tungsten hexacarbonyl to an unknown intermediate.
Master of Science
BROWN, Gasy Leigh

MS ChE

"The Rise of Large Gas Bubbles Through Tubes Filled with Viscous
Liquids."
(J. G. Knudsen)

An analysis of the velocity and shape of large gas bubbles rising
through tubes filled with viscous liquids is presented. Data are correlated
using the three dimensionless parameters characteristic of the system:
the Reynolds number, the Froude number, and the Weber number. At high
Reynolds numbers the Froude number was constant at a value of 0.126,
agreeing well with the theoretically predicted value of 0. 122 for a perfect
fluid. At Reynolds numbers below 5000, the Froude number decreased
sharply. The shape of the rising bubbles was found to be independent of
the tube diameter and of the physical properties of the liquid.

KALWANI, Shantukumar Laxmidas
MS ChE
"Phase Equilibria for the Sucrose-Potassium Chloride-Water System

on Dowex 50 W X 4 Resin (K) at 9 C."
(R. V. Mrazek)
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Equilibrium data for the sucrose-potassium chloride-water system were
taken for Dowex 50 W X 4 resin at 90' C. It was found that as sugar concentration increased, the absorption of sugar increased, and the absorption
of sugar decreased with increasing salt concentrations. The distribution
coefficient was found to increase with increasing sucrose concentrations as
would be expected for a nonionic substance.

MS ChE
PRABHU, Kimbla Narasimha Srinivas
'The Effect of Concentration on Diffussion Coefficients in Binary
Gaseous Systems."
(C. E. Wicks)

Diffusion coefficients were determined for the chloroform-air system
at 50' C and for the methanol-air system at 55° C by the Arnold-cell
technique. The effect of concentration was studied by varying the concentration of the gas stream passing across the top of the Arnold cell.
The diffusion coefficient changed by approximately 10 percent for the
chloroform-air system as the chloroform concentration varied from 0 to
56 volume percent. The diffusion coefficient varied by about 1 percent
for the methanol-air system as the concentration varied from 0 to 46
volume percent methanol. It was concluded that the difference in molecular
weight of the two diffusing species has a pronounced effect on the variation
of the diffusion coefficient with concentration.
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Master of Science

CHING, Deiwin Pow Kong
r!Elastically Supported Beam Columns.

MS CE

(H. I. Laursen)
A numerical method in structural analysis commonly referred to as
Newmarks method is extended to determine the critical load for
columns with constant moment of inertia that are supported on three
supports, the center support being an elastic support. The method
can readily be applied to members with variable moments of inertia.
In order to investigate a variety of assumed shapes examples are
worked out on a digital computer. Critical loads are determined for
various values of the stiffness of the one elastic support. The results
of critical loads determined by the Newmadc numerical method are
compared with critical loads determined by a previously developed
method and nearly identical results are obtained.

CODDINGTON, Charles William
"High-Shear and Pressure Activated Sludge Treatment
Solid-Liquid Separation."

MS CE

--

(D. C. Phillips)
Since the development of the activated sludge process in 1913, many
attempts have been made to improve it. One approach has been to
increase the oxygen available to the bio-mass. This study combined
the use of elevated pressure and high-shear mixing to increase the
oxygen transfer. A laboratory-scale, activated sludge treatment unit
was operated at various combinations of pressure and mixing rate. The
solid-liquid separation characteristics of the mixed liquor were studied.
It was concluded from the tests that (1) the effluent provided by sedimentation and flotation following medium and high-shear mixing is not adequate for discharge to most water-courses; (2) flotation does not yield as
clear an effluent as sedimentation; (3) suspended solids removal by flotation
requires a shorter detention time than by sedimentation; (4) flotation yields
a denser sludge than sedimentation; (5) in the flotation process no advantage
was found by using a pressure release of more than 20 psi.
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MS CE
GRANT, Joseph
"Matrix Analysis of Structures with Semirigid Connections."

(H. I. Laursen)
This thesis presents a matrix analysis of structures with semirigid
connections. The stiffness factor of a connection has been assumed to
be a constant as represented by the initial relationship of moment versus
rotation. Several cases are considered with various parameters being
considered in each case. Solutions to the various cases are found by the
use of a high-speed digital computer. Computer programs for the cases are
presented.

ROACH, Michael Dan
"Contact Time and Reaction Rates for Trickling Filters. "
(D. C. Phillips)

MS CE

Three deep experimental filters were used to evaluate the influence
of the physical factors of media size, depth of filter, and organic and
hydraulic loading on contact time and the rate of removal of organic
material by biological growth on the filters. A step-wise regression
analysis was performed on the data. Two empirical relationships were
established for contact time, one for the media without biota and the other
for media with biota. A further empirical relationship correlated the COD
remaining with the contact time.
MS CE

STREEBIN, Leale E.

"The Effect of Elevated Pressure and High Shear on Oxygen
Uptake Rates in Activated Sludge."
(D. C. Phillips)

The purification capacity of an activated sludge process is highly
dependent upon the rate of oxygen transfer from the air to the microorganisms. This rate can be increased in an air diffusion system by
subjecting the culture to high shear and high pressure. A study of the
effects of high pressure and high shear on the reaction rates in an activated
sludge system is presented. The effdcts were determined by varying the
pressure and shear levels while keeping the other parameters constant.
Conclusions are presented on the effect of these parameters on the capacity
of the system under study.
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Master of Engineering
GREGORY, Herbert Wray
"An Analysis of Two Factors of the Cost of Culverts for
Highways."
(C. E. BehJ.ke)

CE

This study analyzes two of the factors that should be considered in
the economical design of highway culverts, these factors being the
recurrence interval chosen for the design discharge and the amount of
ponding allowed at the culvert entrance. Cost data were obtained from
four highway departments in the northwestern part of the United States.
Results of the effect of recurrence interval and pouding on the cost are
presented in graphical form.
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Doctor of Philosophy

BERG, Richard Harold
PhD CE
'Some Aspects of the Biological Metabolism of a Partially

Colloidal Substrate."
(D. C. Phillips)
An investigation was conducted to ascertain if certain concepts
of microbial metabolism, derived from studies using simple soluble
substrates, are applicable to the biological assimilation of complex,
partially colloidal suspensions. The metabolism of milk suspension was
followed by means of a BOD test, performed in such a manner that the
point of maximum net cell growth was observed on the BOD curve through
the occurrence of an inflection point called a plateau. It was noted that
the time required for maximum cell growth to occur is related to the
logarithm of the slope of the seed organisms' endogenous curve.

KERRI, Kenneth Donald
PhD CE
"An Investigation of Alternative Means of Achieving Water
Quality Objectives."

(D. C. Phillips)
Storage of Water for water quality control is one of the alternative
means of achieving water quality objectives. To ascertain the minimum
cost of achieving a water quality objective in a complex river basin an
analytical model was developed to examine the cost of waste treatment
and the response of the receiving waters to the wastes discharged. A
minimum cost solution to achieve a water quality objective is obtained
employing non-Linear programming techniques which analyze the
assimilative capacity of the receiving waters and the economics of waste
treatment. The response of the receiving waters is indicated by systems
analysis methods. Final results include the degree of treatment required
for each discharger. Recommendations for implementations of the model
are offered which contain provisions for future growth and expansion.

O'NEAL, Gary Lewis

"The Degradation of Kraft
(D. C. Phillips)

PhD CE
Pulping
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The degradation of kraft pulping wastes in estuarine waters was
measured in terms of several parameters. The waste tested was the
total effluent from a combined pulp and paper mill producing 430 tons
of kraft paper products per day. Samples of this waste were mixed with
sea water to establish the desired test conditions. Conclusions are drawn
concerning the mechanism of the degradation of the pulping wastes, the
effect of concentration, salinity and nutrient concentration. The toxicity
of the kraft waste was found to be biologically degradable.

PhD CE
TICHENOR, Brace Alan
"The Effect of Surface Configuration on Evaporation from a
Porous Stream Model."
(F. J. Burgess)

The purpose of this research was to evaluate the effect of surface
configuration on the magnitude of evaporation from a model stream surface.
The research involved the determination of evaporation rates from porous
stream models of five surface configurations placed in a low velocity wind
tunnel. Several test conditions were used for each surface configuration.
The data obtained were subjected to statistical analysis to determine the
effect of turbulence in the air stream and roughness of the water surface.
Three theoretical evaporation equations were investigated and the best one
of these determined.
Master of Science
MS CE

ALBERTSON, Oran Lester

"Stability of Elastically Restrained Framed Structures by
Matrix Analysis."
(H. I. Launen)

The matrix method of structural analysis is used for the determination
of the stability of elastically restrained, simple portal frames. This method
involves the formulation of the stiffness matrix of the structure in terms
of the axial force in the members. The use of the method., when applied
to an example frame, yielded resail.ts within 0.1 percent of a classical
approach for the limiting conditions of restraint.
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MS CE

BLAZIER, James Lewis

"Foam Separation of Organic and Toxic Materials in Kraft
Mill Effluents."
(Fred Merryfield)
Because of the organic nature and natural foaming characteristics
of kraft mill effluents, this investigation was undertaken to determine
the feasibility of using foam separation as a method of treatment. Treatment efficiency was evaluated by BOD and COD reductions. A toxicity
reduction factor was used as a measure of the toxicity reduction brought
about by the treatment. Reduction factors up to 2. 3 were obtained using
the foam separation method, both with and without the addition of a nonionic surfactant. Lower reduction factors were obtained when using ionic
surfactants.

COLEMAN, Michael Dale

MS CE

"The Effect of the Diameter and Spacing of Manifold Outlets on
Manifold Flow."
(C. E. Behlke)

A laboratory investigation was undertaken to evaluate the effect of
lateral spacing and lateral diameter on the flow characteristics of a
three dimensional blowing manifold. The effect of lateral spacing and
lateral diameter on the flow conditions in the manifold was evaluated using
a spacing parameter. The magnitude of the spacing parameter is a function
of lateral diameter ratio as well as the lateral spacing. The results indicated
that larger diameter ratios than have been previously recommended are
required before lateral interference is no longer present in the manifold.

COX, Lloyd Owen
"Joint Treatment of Domestic Sewage and Ammonium

MS CE

Perchiorate Waste."
(D. C. Phillips)
This is a study of the trickling filter process to remove BOD from
wastes containing varying concentrations of ammonium perchlorate.
"Equivalent" rotating tube units simulating a stone trickling filter were
utilized for studies, and an experimental plan was formulated to determine
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the effect of the perchiorate waste on the BOD removals. The rotating
tubes were capable of BOD reductions of approximately 88. 5 percent when
treating synthetic sewage, and the BOD removals were not significantly
changed by shock loading the tubes with concentrations of 40, 100, 400
and 900 mg/i perchiorate ion. There was no biological degradation of the
perchiorate ion experienced in the treatment.

MS CE

HANSEN, Sigurd Paul

"The Application of Granular Activated Carbon to the Treatment
of Kraft Evaporator Condensate Wastes."
(F. J. Burgess)
Granular activated carbon was used to ascertain the effectiveness of
a unit process employing the selective adsorion powers of carbon for
the removal of organic pollutants from kraft paper mill evaporator
condensates. These organic materials are potential pollution contributois
in that they exert a significant oxygen demand during their biological
stabilization and in addition, are known to be toxic to fish and other aquatic
life. initially, isotherm studies were conducted with powdered granular
carbon to determine the adsorptive capacities and to evaluate two different
activated carbons. Subsequently, the waste was subjected to continuous
contact in activated carbon columns.

MS CE
HARDMAN, Michael Harvey
"Removal of Dieldrin from Water by Granular-Activated Carbon."
(F. Merryfield)

A 9.0 ppb solution of dieldrin in water was passed through a granularactivated carbon bed at the rate of 4 gpm/sq. ft. The performance of the
carbon was monitored from sampling ports at bed depths of 2-1/4 and 8-1/4
inches. Isotherm tests were also run with a 9.0 ppb dieldrin solution.
The isothermal results were subjected to treatment by the Michaels Method
of mass-transfer analysis and compared with the experimental column
performance. Comparison of experimental and theoretical break-through
curves indicated that this system is amenable to analysis by the Michaels
Method. The isotherm followed the Langmuir model quite closely indicating
monomolecular deposition of dieldrin on the carbon.
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KIRKPATRICK, Kenton
"An Evaluation of Planning for Water Quality Control in the

MS CE

Willamette River Basin."
(D. C. Phillips)
In the Pacific Northwest, the Willamette Basin Task Force, acting
under the auspices of the Columbia Basin Inter-Agency Committee, has
been created to provide the coordinating mechanism for the prosecution of
a comprehensive study for the management and development of the water
and related land resources of the Willamette River Basin. This study is
presently underway. In this thesis, information was collected from
individuals associated with the Task Force, from minutes of meetings, and
from other publications not readily available, to provide a single document
giving the organization and objectives of the Task Force. Water quality
control is one of the areas of investigation of the Task Force. It is directly
related to and influenced by several other multiple-purpose uses of the
basin's water resources. The results of this thesis study indicate that
additional study will be necessary to further evaluate the planning procedures
and accomplishments of the Task Force. Conclusions indicate problems
that have been encountered using this particular approach to water resources
comprehensive planning. Several research study areas are suggested as a
means of solving water quality problems which now exist in the Willamette
River Basin.

RUSSELL, William Clyde

MS CE

"Experimental Studies of Vierendeel Beam Analysis."
(T. J. McClellan)

Fabricated steel beam specimens with rectangular holes cut in the
webs were subjected to load tests to analyze the behavior of the modified
section. The instrumentation consisted of electrical resistance strain
gages located at appropriate positions in the section. The approximate
Vierendeel method is developed for the analysis of beams with web holes.
Experimental deflection results are correlated with deflection predictions
by the actual Vierendeel analysis. Predictions by the theory of elasticity
method are discussed, but due to complexities of the solution, comparisons
with experimental results are not presented. The beam specimens were
loaded to failure, and the failure was of a form of lateral instability before
the desired failure mode was obtained.
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MS CE

WINCHESTER, Jack LeRoy

"Pile Group Analysis Considering Rigid and Semirigid Foundation
Conditions."
(H. I. Laursen)

The structural behavior of pile groups is analyzed considering two types
of boundary conditions. The matrix analysis method of analyzing structures
is utilized for both the rigid and semirigid cases. In addition, the method
of sections is employed on the semirigid case. Each case is then programmed
for solution on a high speed digital computer.
Master of Engineeriflg
ME CE
HART, Walter J.
"A Study of Planning and Economics of Highway Structures in
Oregon."
(T. J. McClellan)

This report is undertaken with the thought to develop some of the
principles which should be considered when selecting a structure for use
on the highways of today. Since geography is one of the dominant factoss
in the economics of highway structures the discussion hereinafter will be
limited to a development of these principles as experienced in the State of
Oregon.

HELM, Richard L.
"Tapered Beam on Elastic Foundation."

ME CE

(T. J. McClellan)
The purpose of this report is to present an approximate elementary
method applicable within certain restrictions for a symmetrically loaded
beam of variable flexural rigidity. The method is based on a second order
polynomial description of the deflected shape. Moment curves and a noniagraph are obtained upon solution of the basic differential equation of a
beam in bending.
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Doctor of Philosophy

EWING, Gerald Dean
'High Efficiency Radio-Frequency Power Amplifiers."

PhD EEE

(R. R. Michael)
This thesis describes a new radio-frequency power-amplifier circuit
and mode of operation that exceeds the efficiency of the conventional
class C amplifier in the low and medium h-f range. It will be found useful
in applications where linearity between the input and output are not
required, as in all applications where a conventional class C amplifier
would be used, and where the highest efficiency with regard to r-f power
output for a given d-c input power is desired. A complete design procedure
is given along with tabulated design parameters to simplify the numerical
calculations.

MANETSCH, Thomas Jerome
PhD EEE
"Simulation and Systems Analysis of the United States Softwood
Plywood Industiy."

(L. N. Stone)
The United States softwood plywood industty is analyzed as a feedback
system and simulated on a large scale digital computer. The General
System Model defines seven interacting sectors that approximately represent
the hundreds of firm interacting in the industry. Sectors are defined to
make possible the aggregation of firms tending to behave homogeneously
in response to changes in final demand and market price. The seven
sectors include two producing sectors, three wholesale sectors, and two
retail sectors. Conclusions of the study are presented which relate to
the simulation art, the plywood industry, and to educational patterns in
the interdisciplinary area spanning engineering and social science.

WOO, Kwang Bang

PhD EEE

"Dynamic Simulation Model of Transpiration Process with Stomatal
Control Mechanism."
(L. N. Stone)
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Because the life processes of the plant are related in a complex way
to the balance between the water demand of the atmosphere and the water
availability to the plant root, an exploration of dynamic status of water
in the plant is important. The stomata constitute the main regulating
system on the leaf transpiration. As an approach to an integrated analysis
of the system, a simulated model of the transpiration process with the
stomatal control mechanism is presented. The study is mainly concerned
with the diffusion and photochemical processes of the plant CO2 system.
The transfer functions of each part of the system are derived. The dynamic
system gain of the transpiration process is realized by the similar type of
the Corbin's method of a computer-controlled adaptive control system.
The entire system is then simulated on an analog computer; its dynamic
characteristics with consideration of various environmental effects are
investigated.
Master of Science
MS EEE

ALBRIGHT, Robert James

"Two-Integrator Detector for Known Signal-in-Noise Identification."
(L. J. Weber)
This thesis discusses the design and evaluation of an instrument that
can detect known signals in noise. This detector uses two integrators to
sense a difference in the received signal between half-cycles of the known
signal. The detector circuit is small and economical to build. The
instrument is easy to operate and the results of the detection process are
known within one minute once the preliminary adjustments have been made.

MS EEE

AB.MANTROUT, Guy Alan

"Metal to Gallium Arsenide Contact Evaluation Using a VHF Bridge
Technique."
C. Looney)

In this thesis the theory of metal-semiconductor contacts is applied to
metal contacts on gallium arsenide. A model is presented which proposes
that the contact resistance is due to a highly resistive region between the
metal and the semiconductor. In order to evaluate this resistance, a
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technique using a VHF bridge is developed. A comparison is made of
several different methods of making contact to P-type gallium arsenide.
The results were statistically analyzed and indicated that alloyed contacts
are generally superior to plated contacts. Experimental evidence supposts
the proposed model for the contact resistance.

BARKER, Donald George

"Synthesis of Active Filters Employing Thin-Film DistributedParameter Networks."
(L. C. Jensen)

This thesis deals with the problem of realizing filter and delay functions
by means of an active network structure composed of distributed RC networks
in conjunction with a negative-impedance converter. A general synthesis
technique is presented which can be used for the realization of rational
filter and delay functions. The application of the synthesis technique is
demonstrated and experimental results are presented to verify the theory of
the distributed structure and to show the effectiveness of its use in active
filter and delay networks.

CHURCHILL, Frank Tefft

MS EEE

"An Electrolytic Tank Analog for Myoelectric Surface Potentials."
(R. R. Michael)

Certain myoelectric surface potentials are of a pulse nature. A set of
myoelectric surface potential waveforms derived from multiple-point
observations were used to establish geometrical relationships which were
incorporated in an electrolytic tank analog. The electrolytic tank analog
was then able to produce waveforms whose general characteristics corresponded
to the given set of myoelectric waveforms.

COMSTOCK, James Martin
MS EEE
"Multivariable Model for Optimizing the Percussive Welding of
Aluminum.

(S. A. Stone)
A multivariable model describing the system response of a percussive
stud welding system as a function of five system variables was developed.
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fn order to develop the multivariable model, a Single Factor experiment
was used to bring the system response to the neighborhood of a maximum.
Examination of metallurgical micrographs of weld specimens suggested that
the multivariable model would have to be restricted to specific regions of
the response surface since voids, intergranular cracking, and transgranular
cracking was observed in the weld zones. Comparisons of observed and predicted tensile strengths, using the quadratic model, suggested that future
multivariable models might very well have to include the higher order
interactions to achieve a better fit to the observed response surface.

MS EEE

EGGERS, Johannes L.

'Percussion Welding Force, Temperature, and Time Relationships
for Welding 606l-T6 Aluminum."
U. C. Looney)

The force, temperature, and time relationships for percussive welding
were investigated by using oscilloscope measurement techniques. Force
was measured using a strain gage and the dynamic response recorded with
a polaroid oscilloscope camera. Temperature was measured with a tungstenrhenium thermocouple and recorded in the same manner. All relationships
were displayed using tensile strength as the dependent variable.

HILL, Doublas Glenn
"Medium Frequency Solid -State Correlator."

MS EEE

(L. J. Weber)
This thesis presents a study of how correlation is approximated

statistically, and carried out electronically. The ability to detect periodic
signals in noise, using correlation, is justified mathematically. The
detection of a periodic pulse train in noise, and the possible application
of this technique to communication line fault location is presented.
MS EEE
JOHANSEN, Donald Grover
"A Voltage -Variable Resistor Employing Feedback -Linearized

Photoconductors."
(S. A. Stone)
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This thesis presents a method of adjusting resistance electrically by
varying the light intensity incident on the surface of a photoconductive
cell. A feedback scheme is used to linearize resistance response to an
adjustment voltage. Significant design parameters are identified, and a
practical design is presented.

LANDGRAF, Richard Clark

MS EEE

"Signal Transfer and Gain in Magnetic-Core Circuits."
(L. N. Stone)

Because of its characteristics, the square-loop magnetic core can
be used as a basic device in a logic system. A magnetomotive force which
is below the threshold value of such a core will cause a negligible, nonpermanent amount of flux change in the core; and information signals can
be distinguished by the amount of flux change they produce in the core.
The transfer of information in a logic system will introduce noise and cause
losses, and the ability of circuits in a system to respond properly to degraded
signals will be determined largely by the transfer characteristics of the
circuits. The transfer process is shown to be basically identical for three
examples of magnetic-core shift registers.

LLNDQUIST, Claude Steward

MS EEE

"A Mathematical Method of Evaluating the Reliability of Electronic
Equipment."
(L. J. Weber)

Reliability, the probability that a system will not fail but will perform
correctly at least until some arbitrary time, is becoming an increasingly
important conce in electronic system design. This probability is evaluated
using probability density functions which are obtained analytically be
forming mathematical expressions describing the failure distributions of the
systems. The failure rates for various military electronic equipment were
determined, and the calculated results were in close agreement with the
experimental failure rates of this equipment.
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MS EEE
MAI, Chao Chen
"Thermal Growth and Chemical Etching of Silicon Dioxide Films."
(3. C. Looney)

Some important factors that affect the dimentional control of oxide films
on silicon were rtudied. Both N- and P-type silicon with resistivities in
the range of 0.014 to 200 ohm-cm and a (111) surface orientation were
employed. The results show that the etching rates varied directly with
concentration of hydrogen fluoride, temperature, and stirring speed,
but no difference in etching rate was found due to concentration or type of
impurity in the silicon substrate. Oxide layers on silicon were prepared
by five different oxidation methods. The thickness of the oxide layers
employed was determined by a multiple-beam interference method.

MS EEE

MELOY, Glenn Rogers

"Optimum Transient Response of a Kaplan Turbine Generator System
Determined from Mathematical Models."
U. F. Engle)

This thesis proposes criteria for the evaluation of those variable
parameters that influence the response of a hydroelectric generator driven
by a hydraulic turbine of the Kaplan type. A mathematical model of
a typical unit supplying an isolated load is presented. The characteristic
equation of this linearized system is analyzed with the aid of a digital
computer to determine relative stability of the unit for various parameter
settings.

OU, Teh Ming
"Diffusion of Boron and Phosphorus in Silicon."
U. C. Looney)

MS EEE

Experimental results are presented for producing controlled PNP and
NPN diffused structures in silicon by varying the strength of the diffusion
sources. The effect of temperature and composition of the source was
determined. Post-diffusion was investigated to determine the redistribution
of the impurity atoms. Using these results, NPN and PNP structures were
fabricated by double diffusion.
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PETERSEN, Walter Anton

MS EEE

"A Vector Electrocardioscope for Clinical Studies."
(L. J. Weber)
This thesis discusses the human electrocardiogram, the instrumentation
used to graphically record it, and the design and performance of a special
system for vector cardiography. Vector cardiography is defined with a
discussion of its concepts, theoretical bases, and present day instrumentation.
Cathode ray tube photographs illustrate the basic performance of the Vector
Electrocardioscope System while other photographs illustrate the systems
use with a patient and the technique of selectable vectorcardiographv.
Desirable refinements of the system, proposed modification of future systems,
and speculation as to the future extension of the system are discussed.

PHALOPRAKAPN, Somiciet

MS EEE

"Transmission Line Tower Location on Nonflat Terrain by Digital
Computer Methods."
(J. F. Engle)

A method of locating electric transmission line towers using ground
survey data in a digital computer program is presented. The towers are
located for maximum spacing subject to the constraints of available tower
heights, forbidden ground areas, minimum ground clearance, and specified
ronductor tensions. The digital method eliminates the use of ground profile charts and sag templates. Several ground profiles were tested, and the
results are presented.

PUIPUNTHAVONGTH, Sawasdi

MS EEE

"Determination of the Maximum Loading of Parallel Connected
Three-Phase Transformers with Unequal Impedance."
(J. F. Engle)

The comparative values of impedance and resistance to reactance
ratios are important parameters in determining the load capacity of an
interconnection of power transformers. Full design capabilities of parallel
or three-phase connected transformers cannot be utilized unless certain constraints are applied. Departure from these constraints involves lowering of
efficiency and decrease of capacity.
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SLOANE, John Hunt

MS EEE

'The Development of the Theory of Metal Rolling and its Application
to Rolling Mill Control."
(S. A. Stone)
The relationships of the variables of a process to be controlled are
expressed in a mathematical model of the process. In the case of the
rolling of metal, the process is described by the physics of the deformation
of the metal in the roll gap. A typical problem in this area is to control the
output thickness to a given deviation from nominal. The machine-process
equations show that output thickness is controlled readily by strip tensions
and rolling speed. From a control point of view it is necessary to study the
combined behavior of machine and metal deformation to find the variables
that may be used to most effectively regulate the process. The mathematical model shows which variables most effectively control the thickness
and what the relationships are between changes in controlled variables and
correction in output sheet thickness.

MS LEE
WAGNER, James Daniel
"A Controlled Negative-Resistance for Realization of Certain
Network Functions."

(L. C. Jensen)
A circuit which functions as a controlled negative-resistance is described
and analyzed, and a comparison between measured performance and design
objectives is presented. Two experimental circuits, one providing gain
and one providing complex zeros of transmission, are described and performance is compared to theoretical specifications. In both cases the agreement
is excellent.
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Doctor of Philosoi±y

HE[EH, Edmund J.

PhD EEE

"Thin-Film Wideband Tunnel-Diode Amplifier."
U. C. Looney)
Wideband tunnel-diode amplifiers using common-base transistors for
isolation were investigated for stability criteria, frequency response, and the
effects of temperature and voltage supply fluctuations. For the first time
the full frequency spectrum of a tunnel-diode, from d-c to the gigaher
range, was utilized in an amplifier. Three experimental circuits were
constructed by conventional as well as thin-film techniques and were tested.
They represented a wothable model of a new design of a tunnel-diode
amplifier capable of having constant gain over a wide frequency spectrum.

KHANNA, Satya Pal
PhD EEE
"Determination of Sub -Nanogram Quantities of Boron by Diffusion

in Silicon."
U.

C. Looney)

A technique was investigated in which a silicon crystal was used as
a very sensitive detector of sub-nanogram quantities of boron. The unknown
quantity of boron was spread uniformly on the surface of an n-type silicon
wafer which was then baked for diffusion. The measured depth of the
p-n junction was related to the concentration distribution and the quantity
of boron per cm2 of silicon surface was obtained from curves for a Gaussian
distribution. The method can detect qusntities of boron on the order of
-14
10
gms/cnl 2which
is far below the limit of sensitivity of any other
method.
-

MAGNUSON, Waldo George, Jr.
"Circuit Characterization for Efficient Computer Analysis."

PhD EEE

(J. C. Looney)
This investigation develops guidelines for efficiently modeling active
devices and circuits for time domain analysis using general netwoth analysis
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computer programs. The amount of computer time required for large-signal
transient analyses is investigated both analytically and experimentally in
terms of the network parameters. Three factors are found to be important
in determining the amount of computer time that will be required in performing a computer analysis of a network. The application of the guidelines
developed based on these factors is directed primarily to large-signal
transistor circuits.
Master of Science
MS EEE
ADRION, Robert Foisy
"Spherical Mirror Resonators and Optical Mode Selection."

(G. C. Alexander)
This thesis is a review of recent literature in the areas of spherical
mirror resonators and optical mode selection. Resonators with nonconfocal spacing and mirrors of different curvature are described in terms
of an equivalent confocal resonator. It is shown that any spherical mirror
resonator may be characterized as high loss or low loss according to the
geometry of the resonator.
MS EEE

ANAND, Satish Kumar
"Majority Logic Circuits.

(L. N. Stone)
This thesis considers the worst-case design of transistor circuits for
the realization of Majority Logic. Three separate circuits for the realization
of Majority Logic are considered in detail, and are compared for their
relative advantages and disadvantages.

MS EEE
BEUTLER, Robert Russel
"An Impulse-Response Measurement Apparatus for Linear Systems

Using a Rectangular Input with a Poisson Distribution of Zero
Crossings.

(S. A. Stone)
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For many applications it is desirable to be able to experimentally
determine the impulse response of a linear system while it is in operation.
Use of correlation techniques allows this to be done without noticeably
disturbing the quiescent output value of the system. An analytical method
is developed which indicates the deviation of the apparatus output from the
ideal impulse response. This error is expressed as a function of the
characteristics of the Poisson rectangular input and the system under
investigation. Results are obtained for the generalized second-order system,
although the approach will work for any linear system.

DAVIS, Thomas James
MS EEE
"The Design of an Ultrasonic Waveguide System for Time Delay

Applications."
(R. R. Michael)

A waveform-presenting, variable time-delay system capable of
several milliseconds delay is studied. These considerably long delays are
achieved by judicious use of the relatively low sonic velocity of gases.
Acoustic waveguides in the form of circular tubes are used to contain the
gaseous transmission media. Strongest limitations of the system with respect
to feasible delay time are imposed by reflection coefficients of waveguide
terminations and sensitivity of reception apparatus. Vesy good reproduction
of delayed signals may be obtained by operating the system under its
optimal modes of performance as dictated by these limitations.

HUSBAND, James Harris

MS EEE

"Digital Simulation of a Load-Peaked Generating Station Located in a
Tidal Estuary."
U. F. Engle)

This simulation is a model for a tidal power-peaking plant that can
be used to determine the electrical peaking generation for a given set of
conditions. The simulation internally contains a tide producing function
for a specific year, the hydraulic characteristics of the plant, and the
plant's machines' characteristics. The operator submits an expected load
profile curve for some day, the date for that curve, and the state of the
estuary some time previous to the time of the expected load.
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MS EEE

JOHNSON, Ronald Lee

"Analysis of a Tunnel-Diode Delay-Line Reflex Memory Cell."
(D. L. Amost)

The operation of a tunnel-diode delay-line memory cell is examined
in some detail, and a digital computer program which approximately
simulates the operation of this memory cell is developed. Data from the
computer simulation is compared with the available experimental data
and found to agree very closely for clock frequencies up to 100 megahertz.
The computer simulation should be accurate at higher frequencies, but
limitations in the experimental system preclude the necessary verification.

La, Joseph Ping Kwan
"Vacuum Deposition of Silicon Monoxide for Capacitors."
U. C. Looney)

MS EEE

An experimental procedure for evaporating silicon monoxide together
with the methods for measuring the film thickness have been investigated.
The effects of various process parameters on the rate of deposition have
been studied. The uniformity of silicon monoxide films deposited by this
particular vacuum system and evaporation parameters have been examined.

MATSUO, Samuel Seiji
"Deterioration of Gallium Arsenide Diodes.
(J. C. Looney)

MS EEL

Changes in the diode characteristics of three different types of diodes
were studied. The parameters in which measurable changes were observed
were the forward resistance, the reverse breakdown voltage, the forward
"knee" of the diode curve, and the constant of proportionality relating the
reverse-bias capacitance to voltage, Of the three diodes tested, the bonded
diodes appeared to be the most stable.

NAGAKI, Junior Akio
"Synthesis of Networks with Complex Terminations."

(L. C. Jensen)
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A method for the synthesis of networks with specified complex termina
tions is presented. The specification function is realized within a multiplicative constant. The technique presented differs somewhat from present
methods employed in the synthesis of networks with resistive terminations.
Through analysis of a terminated network the transfer function of the
network can be generated in terms of the network characteristics and the
termination, from which it is possible to separate a given transfer function
with a specified termination in such a manner that it can be associated
with the general expression. The separation process is the foundation of
many of the operational steps of the procedure.

ORDEELDOLCHEST, Manoo

MS EEE

"SIDAC-I A Simulated Digital-Analog Computer."
(L. N. Stone)

SIDAC-I is a digital analog simulator which permits analog as well
as hybrid simulations to be programmed on a digital computer. This
technique of simulation provides not only a time saving opportunity, but
more space in the core memory for larger simulation problems as well.

MS EEE
QUINN, Alexander C.
"Microwave Methods of Measuring Resistivity of GaUium Arsenide."
(J. C. Looney)

This research is concerned with the determination of gallium arsenide
resistivity by measurement of attenuation of microwave energy at 7600
megacycles transmitted through a slice. It is found that it is feasible to
measure the resistivity of "N" and "P' type gallium arsenide, of both the
single and polycrystalline varieties, by the method of microwave transmission
through a slice of semiconductor inserted transversally in a waveguide. The
results of this investigation show that resistivity evaluation should be accurate
to within five percent.

ROUTHILAUX, Thomas Robert

MS EEE

"Logic Circuit Design of a 41-Bit Residue Arithmetic Unit."

(li N. Stone)
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The application of residue notation is another approach for solving the
problem of carry propagation in arithmetic units. Residue arithmetic has
the inherent property of requiring no carries between moduli. This results
in residue arithmetic requiring only a fraction of the carries necessary with
conventional weighted arithmetic. The basic operations of addition, subtraction, multiplication, and division are incorporated in the design of a
41-bit residue arithmetic unit. Using only four moduli, addition and subtraction can be accomplished four times faster than conventional addition
and subtraction using synchronous accumulators without carry-look-ahead
techniques. Multiplication can be accomplished approximately sixteen
times faster. In some cases, division is accomplished faster than conventional non-restoring division.

MS EEE
SHRADER, William Richard
'A Linear Model of an Electrohydraulic Valve and its Integration
into System Analysis and Design."

(S. A. Stone)
Certain fluids exhibit an increase in flow resistance when subjected to
an electric field. This electroviscous response, known as the Winslow effect,
has been the basis for development of a unique control medium. Applying a
strong potential across the fluid causes it to "stiffen," even to the point of
ceasing to flow; this provides a valve action. This thesis describes an analysis
of a hydraulic system which employs the valving techniques described.

MS EEE
STARNES, Charles Frederick
"A Dynamic, Stereoscopic Display of Phase-Space Trajectories by

Parallax Simulation."
(S. A. Stone)
Phase-space trajectories are often used to describe a system's stability
or response characteristics. It is desirable to observe such a phase-space
trajectory directly from an analog simulation of a system. A third axis
may be provided by simulating visual parallax in two planar displays and
viewing them stereoscopically. The method of producing visual parallax
described in this thesis involves generating a diode equation approximation
of the differential parallax equation from optical theory. Photographs of
laboratory results are provided as evidence of the success of this approach to
the display of phase-space trajectories.
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Doctor of Philosoy
VAN SANT, James Hurley, Jr.
'Convection Heat Transfer in Separated Regions
Diffusers."
(M. B. Larson)

PhD ME

Subsonic

Heat transfer rates from a heated, plane-wall, symmetrical, twodimensional, subsonic diffuser to a flowing gas (air) were measured at
total divergence angles ranging from 0 to 45 degrees, at diffuser wall length
to throat width ratios ranging from 6 to 18 and at Reynolds numbers based
on throat velocity and throat width ranging from approximately 10,000 to
300, 000. Flow studies were made in conjunction with the heat transfer
measurements. Predictions of heat transfer were made by the application of
an equation describing heat transfer from a flat plate with a turbulent boundary
layer. For most cases, the difference between measured and predicted heat
transfer rates was within the range of the experimental uncertainty.
Master of Science
ADDICOTT, Donald James
MS ME
"Partial Recirculation of Diesel Exhaust for the Recution of Oxides

of Nitrogen."
(J. C. Mingle)
Tests were conducted on a diesel engine, both with and without
recirculation of the exhaust. Oxides of nitrogen were measured by an
instrument developed and modified at Oregon State University making use
of a spectrophotometric method. The tests show that there were no
reductions in concentration of oxides of nitrogen to be gained by recirculation of exhaust gas, as conducted in the manner of the tests. In addition,
the engine parameters of horsepower and smoke intensity were not benefited,
the concentration of carbon monoxide and hydrocathons was virtually unaffected,
and the concentration of carbon dioxide increased by two percent.

CHAMBERLAIN, Howard Emil

MS IE

"Estimating Highlead Logging Performance Through Statistical Models."
(W. F. Engesser)
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The study of highlead logging operations through the use of statistical
models was investigated, and their potential use for estimating and control
of operations examined. Sixteen work elements and 26 influencing
variables are identified and measurement criteria developed for each.
The procedures necessary to convent the field data into computer input
are explained and illustrated with a set of data sheets and summary sheets.
The computing methods used in a stepwise regression analysis are discussed
in general and its effects on selected lists of variables for each element
are shown and discussed. The reliability of existing models is discussed
and it is shown that it is impossible to develop statistical measurements of
spread or deviation from the computed regression line from the existing
data. The measures of the probability of observing and computing a model on
only a chance variation are very small. Because of this the conclusion is
drawn that causal relationships do exist in highlead logging.

MS LE

DERVITSIOTIS, Kostas Nicolaus

"Critical Path Budgeting: A Synthesis of Budgeting and Critical Path
Scheduling."
(J. L. Riggs)

Critical Path Budgeting is introduced as an integrating tool for project
planning, coordination, and control. Through synthesis of budgeting and
critical path scheduling, it is possible to treat the time and cost variables
of a project explicitly. Thus, one can analyze the behavior of the firm as
an approximation to the cybernetic modeL Network analysis is used for
defining the decision making activities involved. A three-dimensional
model is developed for describing the firm's behaviro as it relates to
project performance.

MS ME

GRAVES, Donald Larry

"Effect of Vibration on Forced Convection to Water from a Cylinder
at Reynolds Numbers in the Range of Stable Vortex Shedding."
(IL E. Wilson)

An experimental investigation has been made of the effect of vibration
on heat transfer from a cylinder in crossflow. It was found that the heat
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transfer could be increased or decreased by vibration, depending on the
amplitude ratio and the vibrational Reynolds number. Below a critical
vibrational Reynolds number oscillation had no effect on the heat transfer.
After this critical point was passed, a decrease in heat transfer was noted
at low amplitude ratios, and an increase in heat transfer was noted at high
amplitude ratios. The increases in heat transfer are attributed to vibrationally
induced turbulence. An adequate explanation of the decrease in heat
transfer was not provided by this investigation.

JOHNSON, Philip Merle
"Development of a Laser Interferometric Dilatometer.
(L. E. Johnson)

MS ryE

Thermal expansion is one of the most frequently measured physical
properties of materials. One of the important methods of detecting and
measuring these changes is dilatometry. The development of the laser,
which provides a high intensity monochromatic light source, prompted the
investigation of interferometric configurations as a dilatometer technique.
The interferometer has distinct advantages over other systems in that the
measurement is absolute since measurements are made directly in terms of
a wavelength of light. The purpose of this investigation was to determine the
feasibility of a dilatometer using an interferometric configuration with a
gas laser light source. The feasibility of using an interferometric configuration utilizing the polished ends of the specimen has been demonstrated by
various experiments. A working model was built and some preliminary
measurement capability demonstrated.

JAROS, Gary Dean

MS ME

MS ME
PARKfl4, Neil Richard
"The Fate of Oxides of Nitrogen Through a Direct Flame Afterburner
in the Exhaust of a Gasoline Engine."
(W. H. Paul, J. G. Mingle)

Compounds, such as oxides of nitrogen and unburned hydrocarbons,
found in automotive exhaust have been definitely linked with the formation
of photochemical smog. The purpose of the present investigation was
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to determine if nitrogen oxides are formed in a direct flame afterburner.
Experimental work was carried out by simulating road load conditions and
programming the engine to follow the California seven-mode test cycle.
The results of the investigation showed that the total oxides of nitrogen
concentrations were essentially unchanged across the afterburner.
MS ME
MARTIN, Timothy William
"The Local Natural Convection Heat Transfer Coefficient on a Heated
Horizontal Cylinder Oscillating in Water."
(M. B. Larson)

An experimental study has been made of the local natural convection
heat transfer coefficient around the circumference of a heated horizontal
cylinder oscillating vertically in water. The overall results were similar
to those obtained by previous workers. The maximum increase in the
overall cylinder heat transfer rate was of the order of 200 percent. This
study sheds some light on the mechanism causing the increase in the
natural convection heat transfer coefficient when oscillation is introduced,
and it shows the need for more experimental investigation into the distribution
of the local heat transfer coefficient around cylinders.
MS ME
O'KINS, Charles Eugene
"The Development of Analytic Techniques and FORTRAN Programs
for the Evaluation of Plane Motion Mechanisms."

(C. E. Smith)
In this thesis are developed analytic techniques and computer programs
which evaluate the principal class of mechanisms -- plane motion linkages
with a single degree of freedom, employing turning joints, and having
either an angular or translational input motion. The fundamental premise
is that a link may be represented by a complex vector, and a linkage may
by represented by a set of these vectors in the form of closed polygons.
The analysis results in a system of independent equations which may be
solved by means of a high-speed computer. The mathematical system of
equations and logic are validated by the successful evaluation of an elevenbar, ram-drive linkage system.
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MS ME

SANDBERG, Gary Karl

"An Analysis of Automobile Handling Characteristics and Stability.
(W. W. Smith)
Equations of motion were derived for an automobile composed of a
rigid mass connected to four wheels by springs, dampers, and rigid,
weightless linkages. The resulting system of ten differential equations
was intended to estimate the response of an automobile to a rough road.
The ten degree of freedom system was then simplified to six degrees of
freedom, the resulting equations being limited to smooth road conditions.
An approximate steady state solution to the six degree of freedom system
was obtained by an interactive technique.

MMS ME

SIDDALL, Mark Bernard

"Super Conductive A. C. Losses as a Function of an Applied Steady
Magnetic Field in Type II Superconductors."
U. F. Engle)
Measurements were made of the energy loss in a superconducting
wire coil subjected to an axial magnetic field consisting of a ripple field
superimposed on a steady field. The loss was measured calorimetrically
using a sonic thermometer consisting of a resonance tube filled with helium
gas in thermal contact with the superconducting wire under test. General
agreement with Kim's theory was found with a maximum loss occurring
at 254,000 ampere-turns per meter, such loss falling to a lower and constant value at field above 795,000 ampere-turns per meter.

HUNTTING, William David
"Pump Performance Curves: Calculation by Computer."

ME ME

(J. R. Welty)
This investigation deals with the various aspects of programming and
evaluation of performance curve data calculated by computer. The basic
laws of predicting pump performance are well established for changes of
size and speed. With the capability of a large amount of calculation in a
short time, the equations have been extended to include variables that are
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normally either neglected or approximated by changing the shape of the
curve. The program is developed to allow considerable flexibility with
provisions for stopping the program at various stages of calculation,
insertion of data, and varying the information that is printed.

MMS ME
GUTHRIE, James Leonard
"An Investigation of Precipitation from Solid Solution in an Aluminum Magnesium-Silicon Alloy Using X-Ray Diffraction Techniques."

(0. G. Paasche)
This thesis is an investigation into the mechanism of precipitation
from solid solution man Aluminu.m-O.7% Magnesium-O.6% Silicon alloy
containing iron impurities. Laue x-ray diffraction patterns were obtained
from solution heat treated and aged single crystal specimens. Precipitation
related streaking was indicated. It was not possible to determine the degree
of strengthening due to coherency.
MS NE

ROBINSON, Ernest Yehezkel

"Some Theoretical and Experimental Aspects of Design with Brittle

Material."
(C. 0. Heath)
The Weibull theory, an attempt to account for the variability of measured
strength in brittle materials is described in some detail. An important and
useful modification of the theory is derived. Some theoretical implications
were investigated in a series of strength tests made on tubular BeO specimens
by pressurizing them to failure. The results of these experiments were in
good agreement with the theory. A table of stress distributions and the
corresponding "risks of rupture" is presented and may be used in circumstances
where a complex stress distribution is to be approximated by more tractable
forms.

MS ME

SEVtLLA, Ronaldo Antonio

"A Numerical Solution to the Dynamic Response of a Simply Supported
Beam Under a Moving Mass Load."
(C. E. Smith)
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This work is concerned with a numerical solution to the dynamic response
of a simply supported beam under a moving ma load. Solution of the
governing integral equation was accomplished by approximating the
integral by a finite sum. The numerical solution presented difficulties
because of the nature and peculiar behavior of the kernel. Despite the
limitations of requiring a large computer facility the method of solution
presents a definite improvement over the approximate solutions of Stokes
and Inglis.
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Master of Science

AOKI, Tadao
MS ME
"The Study of Active Sites and Bubble Formation Frequency in
Nucleate Boiling Heat Transfer.
(J. R. Welty)
Pool boiling was studied from a flat horizontal surface facing upward

with the bulk liquid at its saturation temperature. A hot-film anemometer
probe was introduced as a possible device for counting active nucleation
sites and for other investigations. It was concluded that the hot-film probe
was not an ideal device to measure bubble formation frequency because
of the inability to detect bubble boundaries. From the quantitative information obtained an empirical correlation between active sites and heat flux is
presented.

ATHERTON, George Harry
MS ME
'Drying Rates of Douglas Fir Veneer in Superheated Steam."
U. R. Welty)

Douglas fir sapwood veneer was dried in superheated steam at a
constant velocity of 10 feet per second. Three steam temperatures, 400 F,
600 F and 800 F, were used. Drying times from an initial moisture
content of about 57 percent to a final moisture content of about 5 percent
were 6, 3 and 2 minutes for steam temperatures of 400 F, 600 F and 800 F,
respectively. Experimental convective heat transfer coefficients were
4.5 to 6.7, 4.8 to 10.0 and 4.5 to 6.4 (Btu/sq ft, hr, F) when steam
temperature was 400 F, 600 F and 800 F, respectively.

HODGKINS, Chester

MS ME

"A Portable, Dual-Range Flowmeter for Automotive Research."
(W. H. Paul)
This thesis describes the development of a new fuel flowmeter, among
the desired features of which were an accuracy of ± 2%, a linear response
to fuel flow rate, a means of increasing the sensitivity at the lower end
of the meter scale, and portability so that it could be equally useful in the
laboratory and on the road. The new design was based on the fact that, in
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laminar flow, the pressure drop of a flowing fluid in a tube is a linear function
of the flow rate. The finished assembly had 20 tubes of 0.042 -inch bore,
arranged so that 15 tubes could be closed off when desired. In laboratory
and road tests the new fuel flowmeter met all of the initial design criteria.

JARVIS, Philip Arthur
MS ME
'Development of a Method to Determine the Penetration Velocity
of a Powder Actuated Fastener.

The purpose of this work was to design a system for measuring the
velocity of a powder actuated fastener or drivepin during penetration.
This system would provide a tool for further investigation into drivepin
penetration characteristics. The main characteristic of interest is the
instantaneous acceleration from which the forces on the drivepin can be
determined. This acceleration was determined by designing a transducer
whose output is drivepin position versus time and calculating the instantaneous
velocity and acceleration, graphically and numerically, from these data.

MOOSE, Victor Corson

MS ME

"Design, Construction, and Evaluation of a Mechanical Queueing
Simulator."
(J. L. Riggs)
This thesis describes a successful queueing simulator constructed from

readily available materials. The machine is easy to operate, portable, and
simple to build in any well-equipped machine shop. The principles of
operation are visually displayed by schematic diagrams of the electrical
and mechanical systems. Total material cost amounted to about $200.
External power is supplied by 110 volt AC current. A step by step operating
procedure is provided as a guide for the operator.

MS ME
NISHIOKA, Kenji
"Effect of Pressure Coupling on Discontinuity Stresses in Shells."

(C. E. Smith)
This thesis deals with the effect of pressure coupling on the stresses in
shells having geometric discontinuities. Solutions to two problems based
on differential equations describing the problem are obtained. Dimensionless
design curves for the discontinuity stresses are presented.
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PECK, Roger Lee
MS ME
"An Investigation into the Mechanism of Adherence Between
Borosilicate Glass and Steatite Ceramic and Between Borosilicate

Glass and Alumina Ceramic."
U. R. Welty)

A qualitative evaluation was made of the adherence between borosilicate
glass and the ceramics, steatite and alumina. Three basic adherence tests
were performed: a study of x-ray diffraction patterns, a metallographic
examination of the interfacial region, and a hydrostatic rupture test along
with metallographic and stereoscopic examination of the resulting fracture
surfaces. Results of each investigation indicated good glass-ceramic adherence was achieved.

REID, Richard Stowell
MS ME
"The Effect of Air Injection at the Exhaust Ports of a Gasoline Engine
on the Oxides of Nitrogen Emissions."
U. G. Mingle)

The purpose of this work was to determine the effect on the emissions
of oxides of nitrogen from a gasoline engine by the installation and operation
of an exhaust port secondary air injection system. Measurements of oxides
of nitrogen emissions with and without the air injection system in operation
were made both during steady state and transient conditions. The addition of
secondary air at the exhaust ports increased the oxides of nitrogen emissions
during acceleration for both rich and lean mixture operation. Appreciable
increase also occurred during high speed steady state cruise conditions with
the rich carburetor. Temperatures in the exhaust manifold were not markedly
changed by the injection of secondary air into the exhaust ports. The vehicle
with the air system installed met California standards for operation with the
rich carburetor, but emitted a higher concentration of unburned hydrocarbons
than the standard during operation with the lean carburetor.

SILKE, Gerald William
"Forced Vibration of a Beam-Pendulum System."

(C. E. Smith)

115

MS ME

Advanced Degrees in Mechanical and Industrial Engineering (Continued)
June 1966

These studies are concerned with the forced motion of a two-degree-offreedom system consisting of a "flexible beam" supported by pendulum type
hangers. A mechanical model was built and data were taken for the purposes
of verifying the analytical steady state solution. The results are presented in
the form of maximum amplitude of pendulum swing and maximum "beam"
deflection curves plotted as functions of the forcing frequency ratio.
Experimental results were found to compare quite favorably with the analytically predicted solution except for several resonant peaks thought to be a
part of the higher order approximations not analyzed here.
MS ME
VONGSURI, Sompong
"An Investigation of Heat Transfer and Pressure Drop Across

a Frosted Finned Coil."
(G. E. Thornburgh)
This investigation was directed to the study of the behavior of the
overaU heat transfer coefficient and the air static pressure drop for a frosted
coil. The experiment was cunducted with a finned tube coil having
staggered tube arrangement. It was observed that the overall coefficient
at constant air flow increased slightly as frost first accumulated and then
decreased after the peak had been reached as the frost continued to
increase. The air pressure drop increased continuously with increasing
frost accumulation on the test coil. The limited information made
available by this investigation was not enough to cover the wide range of
operating conditions and heat exchangers encountered in practice.
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The Use of a Technical Library, by R. K. Waldron, Oct. 1964. 354.
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Instruments, by F. 0. McMilLan. Reprinted from Proc NW Elec Lt and Power
Assoc.

1927.

204.

Some Anomalies of Siliceous Matter in Boiler Water Chemistry, by R. E.
Summers. Reprnted from Combustion. Jan 1935. 104.
No. 3. Asphalt Emulsion Treatment Prevents Radio Interference, by F. 0. McMillan.
Reprinted from Electrical Vest. Jan 1935. None available.
No. 4. Some Characteristics of A.0 Conductor Corona, by F. 0. McMillan. Reprinted
from Electrical Engineering. Mar 1935. None available.
No. S. A Radio Interference Measuring Instrument, by F. 0. McMillan and H. C. Barnett.
Reprinted from Electrical Engineering. Aug. 1935. 104.
No. 6. Water.Gas Reaction Apparently Controls Engine Exhaust Gas Composition by
C,. W. Gleeson and W. H. Paul. Reprinted from National Petroleum N'ews.
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No. 7. Steam Generation by Burning Wood, by R. E. Summer.. Reprinted from Heating
and Ventilating. Apr 1936. 104.
No. 8. The Piezo Electric Engine Indicator, by W. H. Paul and K. R. Eldredge. Reprinted
from Oregon State Technical Record. Nov 1935. 10*.
No. 9. Humidity and Low Temperature, by W. H. Martin and E. C. Willey. Reprinted
from Power Plant Engineering. Feb 1937. None avaslable.
No. 10. Heat Transfer Efficiency of Range Units, by W. J. Walsh. Reprinted from
Electrical Engineering. Aug 1937. None available.
No. 11. Design of Concrete Mixtures, by I. F. Waterman. Reprinted from Concrete. Nov
No.

2.

193 7.

None available.

Water.Wise Refrigeration, by W. H. Martin and R. E. Summers. Reprinted from
Power. July 1938. 10*.
No. 13. Polarity Limits of the Sphere Gap, by F. 0. McMiIIan. Reprinted from AIEE
Transactions, Vol 58. Mar 1939. 10*.
No. 14. Influence of Utensils on Heat Transfer, by W. C. Short. Reprinted from Electrical

No. 12.

Engineering. Nov 1938.

10*.

Corrosion and Self.Protection of Metals, by R. K. Summers. Reprinted from
Industrial Power. Sept and Oct 1938. 104.
No. 16. Monocoque Fuselage Circular Ring Analysis, by B. F. Ruffner. Reprinted from
No. 15.

No. 17.

Journal of the Aeronautical Sciences. Jan 1939. 104.
The Photoelastic Method as an Aid in Stress Analysis and Structural Design, by
B. F. Ruffner. Reprinted from Aero Digest. Apr 1939. 10*.

No. 18.

Fuel Value of Old.Growth vs. Second.Growth Douglas Fir, by Lee Gabie. Reprinted
from The Timberman. June 1939. 10*.

No. 19.

Stoichionietric Calculations

of Exhaust Gas, by C. W. Gleason and F. W.

No. 20.

Woodfield, Jr. Reprinted from National Petroleum News. Nov 1939. 104.
The Application of Feedback to Wide.Band Output Amplifiers, by F. A. Everest
and H. R. Johnston. Reprinted from Proc of the Institute of Radio Engineers.

No. 21.

Stresses Due to Secondary Bending, by B. F. Ruffner. Reprinted from Proc of
First Northwest Photoelasticity Conference. University of Washington. Mar

No. 22.

Wall Heat Loss Back of Radiators, by E. C. Willey. Reprinted from Heating and
Ventilating. Nov 1940. 10*.
Street Concentration Factors in Main Members Due to Welded Stiffeners, by
W. R. Cherry. Reprinted from the Welding Journal, Research Supplement.

Feb 1940. 104.
1940.

No. 23.

10*.

Dec 1941. 104.

Horizontal.Polar-Pattern Tracer for Directional Broadcast Antennas, by F. A.
Everest and W. S. Pritchett. Reprinted from Proc of The Institute of Radio
Engineers. May 1942. 10*.
No. 25. Modern Methods of Mine Sampling, by R. K. Meade. Reprinted from The Compass
No. 24.

of Sigma Gamma Epsilon. Jan 1942.

No. 26.

10*.

Broadcast Antennas and Arrays. Calculation of Radiation Patterns; Impedance
Relationships, by Wilson Pritchett. Reprinted from Communications. Aug and
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Heat Losses Through Wetted Walls, by E. C. Willey. Reprinted from ASHVE
Journal Section of Heating, Piping, and Air Conditioning. June 1946. 10*.
No. 28. Electric Power in China, by F. 0. McMillan. Reprinted from Electrical Engineer.
ing. Jan 1947. 104.
No. 29. The Transient Energy Method of Calculating Stability, by P. C. Msgnusson.
No. 27.

Reprinted from AIEE Transactions. Vol 66. 1947.

104.

No. 30.

Observations on Arc Discharges at Low Pressures, by lii. J. Kofoid. Reprinted

No. 31.

Long.Range Planning for Power Supply, by F. 0. McMilsn. Reprinted from

from Journal of Applied Physics. April 1948.

Electrical Engineering. Dec 1948.
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104.

104.

No. 32.

Heat Transfer Coefficients in Beds of Moving Solids, by 0. Levenspiel and
J. S. Walton. Reprinted from Proc of the Heat Transfer and Fluid Mechanics

No. 33.

Catalytic Dehydrogenation of Ethane by Selective Oxidation, by J. P. McCullough
and J. S. Walton. Reprinted from Industrial and Engineering Chemistry. July
1949. bC.
Diffusion Coefficients of Organic Liquids in Solution from Surface Tension
Measurements, by R. L. Olson and J. S. Walton. Reprinted from Industrial
Engineering Chemistry. Mar 1951. bC.
Transients in Coupled Inductance.Capacitance Circuits Analyzed in Terms of a
Rolling-Ball Analogue, by P. C. Magnusson. Reprinted from Vol 69, AIEE
Transactions. 1950. bC.
Geometric Mean Distance of Angle-Shaped Conductors, by P. C. Magnusson. Re.
printed from Vol 70. AIEE Transactions. 1951. lOC.

Institute. 1949. l0.

No. 34.
No. 35.
No. 36.

No. 37. Energy-Choose It Wisely Today for Safety Tomorrow, by G. W. Gleeson. Re.
printed from ASHVE Journal Section of Heating. Piping, and Air Condition.
ing. Aug 1951. lOC.
An
Analysis of Conductor Vibration Field Data, by R. F. Steidel, Jr. and M. B.
No. 38.
Elton. AIEE conference paper presented at Pacific General Meeting, Portland,
Oregon. Aug 23, 1951. bC.
No. 39. The Humphreys Constant-Compression Engine, by W. H. Paul and I. B. Hum.
phreys. Reprinted from SAE Quarterly Transactions. April 1952. IOC.
No. 40. Gas-Solid Film Coefficients of Heat Transfer in Ftuidized Coal Beds, by J. S.
Walton, R. L. Olson, and Octave Levenspiel. Reprinted from Industrial and
Engineering Chemistry. June 1952. IOC.
Restaurant
Ventilation, by W. H. Martin. Reprinted from The Sanitarian, Vol
No. 41.
14, No. 6. May-June 1952. IOC.
No. 42. Electrochemistry in the Pacific Northwest, by Joseph Schulein. Reprinted from
Journal of the Electrochemical Society. June 1953. 20C.
No. 43. Model Studies of Tapered Inlets for Box Culverts, by Roy H. Shoemaker and
Leslie A. Clayton. Reprinted from Research Report 15-B, Highway Research
Board, Washington, D. C. 1953. 20C.
No. 44. Bed-Wall Heat Transfer in Fluidized Systems, by 0. Levenspiel and J. S. Walton.
Reprints from Heat Transfer-Research Studies. 1954. lUg.
No. 45. Shunt Capacitors in Large Transmission Networks, by E. C. Starr and E. J.
Harrington. Reprinted from Power Apparatus and Systems. Dec 1953. 1OC.
No. 46. The Design and Effectiveness of an Underwater Diffusion Line for the Disposal
of Spent Sulphite Liquor, by H. R. Amberg and A. G. Strang. Reprinted from
TAPPJ. July 1954. be.
No. 47. Compare Your Methods with this Survey, by Arthur L. Roberts and Lyle E.
Weatherbee. Reprinted from Western Industry. Dec 1953. bC.
No. 48. Some Stream Pollution Problems and Abatement Measures Undertaken its the Pacific Northwest. by H. R. Amberg. Reprinted from TAPPI. Feb. 1955. bC.
No. 49. Fabrication of a Zirconium-Lined Reaction Vessel, by 0. G. Paasche and A. J.
Killin. Reprinted from The Welding Journal. Feb 1954. 2O.
No. 50. Heat Transfer Between Immiscible Liquids, by S. S. Grover and J. G. Knudsen.
Reprinted from Chemical Engineering, No. 17. Vol si. joe.
No. 51. How Oil Viscosity Affects Piston Ring Wear, by M. Popovich and L. E. John.
son. Reprinted from Automotive Industries. January 1956. IOC.
No. 52. Intermittent Discharge of Spent Sulfite Liquor, by Herman R. Amberg and Robert
Elder. April 1956. bC.
No. 53. Hydraulics of Box Culverts with Fish-Ladder Baffles, by Roy H. Shoemaker. Jr.

Reprinted from Proceedings of the Highway Research Board, Vol 35.

1956.

25C.

No. 54.

A Numerical Solution to Dimensional Analysis, by 0. Levenspiel, N. J. Weinstein,

No. 55.
No. 56.

Thermal Conductivity of Liquid-Liquid Emulsions, by R. H. Wang and James C.
Knudsen. Reprinted from Industrial and Engineering Chemistry, Nov 1958. bO.
Local Shell-Side Heat Transfer Coefficients in the Vicinity of Segmental Baffles in
Tubular Heat Exchangers, by M. S. Gurushankariah and J. G. Knudsen. Re
printed from Heat Transfer-Chicago issue of AIChE Symposium Series. 1959.
bC.

No. 57.

Hard-Water Scaling of Finned Tubes at Moderate Temperatures, by H. K.

No. 58.

Heat Transfer from Isothermal Flat Plates: An Extension of Pohlhausen's Solution to Low and High Prandtl Number Fluids, by F. D. Fisher and J. G.
Knudsen. Reprinted (toni Chemical Engineering Progress Symposium Series
No. 29. 1959. bC.

J. C. R. Li. Reprinted from Industrial and Engineering Chemistry, Vol 48.
Feb 1956.

25C.

McCluer and J. C. Knudsen. Reprinted from Heat Transfer-Chicago issue of
AIChE Symposium Series. 1959.

bC.
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No. 59.

No. 60.
No. 61.
No. 62.

Radio Interkrence Attenuation on Energized High-Voltage Transmission Lines:
Measurement and Application, by L. N. Stone, E .H. Gehrig, and R. S. Gena.
Reprinted from Power Apparatus Systems. Dec 1959. l0.
EHV Single and Twin Bundle Conductors-Inlluence of Conductor Diameter and
Strand Diameter on Radto Influence Voltage and Corona Initiation Voltage

by L. N. STone. Reprinted from Power Apparatus and Systems. Dec 1959. l0.
Local Shell.Side Heat Transfer Coefficients and Pressure Drop in a Tubular Heat
Exchanger with Orifice Baffles, by K. S. Lee and J. G. Knudsen. Reprinted
from AIChE Journal. Dcc 1960. lOf.

Rates of Heat Transfer from Short Sections of an Isothermal Pipe, by A. A.
Faruqui and J. G. Knudsen. Reprinted from Heat Transfer.Buffa!o issue of
AIChE Symposium Series. Mar 1961. 10.

No. 63.

Drag Coefficients at Low Reynolds Numbers for Flow Past Immersed Bodies, by
A. M. Jones and J. G. Knudsen. Reprinted from AIChE Journal, Mar 1961. 10.
Persulfate Oxidizable Carbon and BOD as a Measure of Organic Pollution in Water,
by C. M. Gilmour, F. Merryfield, F. 3. Burgess, L. Purkerson, and 3. K. Cars.
well. Reprinted from Proc of 15th Purdue Industrial Waste Conf, May
1961. 10.
No. 65. Evaluation Criteria for Deep Trickling Filters, by F. 3. Burgess, F. Merryfield,
3. K. Carswell, and C. M. Gilmour. Reprinted from Journ Water Pollution Con.
trol Federation, Aug 1961. 10.
No. 66. Effect of Negative Corona Upon Formation of Positive Corona, by G. A. Pearson.
Reprinted frm Power Apparatus & Systems, Dec 1961.
No. 67. Desqtn of the ESIAC Algebraic Computer, by 3. C. Looney and M. L. Morgan.
Reprinted from IRE Transactions on Electronic Computers, Sept 1961. l0.
No. 68. Thermal Stresses in an Idealized Wing Structure, by Mark Levinson. Reprinted
No. 64.

from Journ of Aerospace Sciences, 1961. lOf.

No. 69.

The ESIAC Potential-Plane Analog Computer, by J. C. Looney. Reprinted from

No. 70.

Wood Waste Incineration, by M. Popovich M. Northcraft, R. W. Boubel, and
G. E. Thornburgh. Reprinted from Tech leport A61.3, Robert A. Taft Sanitary
Engr Center, Public Ijealth Service. U. S. Dept of Health, Education, and
Welfare, 1961. l0.
The Role of Current Distribution in Cathodic Protection, by R. E. Meredith. Re.
printed from Materials Protection, Feb 1963. 10g.
Local Rates of Heat Transfer arid Pressure Losses in the Vicinity of Annular
Orifices, by P. S. Williams and 3. G. Knudsen. Reprinted from The Canadian
Journal of Chemical Engineering, April 1963. l0.
Convection Heat Transfer From Transverse Finned Tubes, by R. B. Pan avid 7. G.
Knudsen. Reprinted from Chemical Engineering Progress, July 1963. 10.
Myoelectric Surface Potentials for Machine Control, by R. R. Michael and F. R.
Crawford. Reprinted from Electrical Engineering, Nov 1963. lOu.
Variable Width Pulse Generation Using Avalanche Transistors, by W. G. Mag.

No. 71.

No. 72.
No. 73.

No. 74.
No. 15.

Automatic Control, May 1961. lOf

nuson. Reprinted from IEEE Transactions. Sept 1963. 1O&
No. 76. Evaluating the Effective Resistances of Diaphragms or Electrolytic Separators, by
R. E. Meredith and C. W. Tobias. Reprinted from Journal of the Electrochem.
ical Society, Dec 1963. 10g.
No. 77. Oxides of Nitrogen and Unburned Hydrocarbons Produced during Controlled
Combustion, by R. V. Boubel and L. A. Ripperton. Reprinted from Journal of
the Air Pollution Control Association, June 1965. 1O.
No. 78. Sonic Detection of Internal Decay in Wood Poles, by I... C. Jensen. Reprinted
from the Second Symposium on the Non.Destructive Testing of Wood. Wash.
ington State University, 1965. 10.
No. 79. Pressure.Volume Characteristics of Plastic Bags, by R. W. Boubel. Reprinted from
American ludustrial Hygiene Association Journal, May.June 1965. l0.
No. 80. Identification of Low.Flow Augmentation Requirements for Water Quality Control
by Computer Techniques, by 3. L. Worley, W. W. Towne, and F. 3. Burgess.
Reprinted from Journal of the Water Pollution Control Federation, May t965
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