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THE UNIVERSITY AND RESEARCH
At Colorado State University research has 

been a major function since passage of the 
Hatch Act of 1887 and establishment of the Ex­
periment Station. The activity has become an 
essential, practical and integral function of all 
colleges and of most departments. The research 
efforts generate new concepts and information. 
Often these suggest significant modifications of 
old and firmly established theories. Through 
application of the new methods and new ideas, 
teaching programs remain dynamic and relevant 
to current problems and circumstances. Further­
more, research findings help point the way to 
solving complex problems in industry, in agri­
culture and in communities, both at home and 
abroad.

But research does more than solve problems 
and accumulate facts; its activity is integral with 
the learning process. The research, therefore, 
contributes substantially to the continuing edu­
cation of students and teachers on campus and 
to citizens throughout the state. By working 
with faculty personnel on specific research 
projects, graduate students learn the nature of 
modern problems and the methods and tech­
niques for obtaining solutions to them. Students 
also learn to cooperate with other students and 
other scientists, and students and scientists to­
gether observe the public benefits from applying 
the resources of many disciplines such as biology, 
engineering, and chemistry to a single complex 
problem. The many research projects financed 
by federal agencies provide fellowships that en­
able students to pursue studies in the Graduate 
School.

Without research and scholarly study, gradu­
ate instruction would become insignificant and 
undergraduate teaching static and obsolete.

A. R. Chamberlain 
President
Colorado State University

RESEARCH AT COLORADO STATE UNIVERSITY
Research and instruction at Colorado State 

University are fully integrated functions. In gen­
eral, faculty members conduct research in their 
specialized fields and also teach classes of under­
graduate and graduate students. As a result of 
this interaction of research and instruction, pro­
fessors obtain new information for use in classes 
they teach and students receive the benefits of 
up-to-date information and concepts. Frequently, 
the new information, because it has use beyond 
the classroom, helps in solving problems im­
portant to the economy of Colorado and other 
areas; for example, research information obtained 
by a teacher-scientist studying the movements 
of fluids in soil may be used in water conserva­
tion programs and in teaching soil science to 
students. In addition, the integration of research 
and teaching satisfies and encourages the de­
mands and the pleasures of intellectual stimula­
tion.

Although usually conducted by individual 
faculty members or by groups and their graduate 
students, the research is specifically administered 
by the University through three agencies: The 
Experiment Station, the Office of Water Re­
sources and Research, and the Office of Spon­
sored Research. The Experiment Station receives 
financial support from the Colorado State Legis­
lature and from the United States Department 
of Agriculture, and it supports research on prac­
tical problems of the State in agriculture, natural 
resources, and community development. The 
Office of Water Resources Research, financed by 
money from the United States Department of 
the Interior, supports specialized research in all 
aspects of water management and use, including 
watershed development, groundwater and sur­
face water management, economics of water 
systems development, and political and legal 
aspects of project development. The Office of 
Sponsored Research administers all contract and 
grant agreements between Colorado State Uni­
versity and outside agencies for the conduct of 
specific research projects of mutual interests and 
benefits to Colorado and the agency. Frequently 
a major problem, wide in geographic range and 
broad in effect such as air pollution along the 
front range of Colorado, may be supported by 
money from the Experiment Station and from 
a federal agency. Research scientists from each 
of several related departments may participate in 
the study of the problem and in seeking its 
solution. 

Rue Jensen 
Vice President for Research 
Colorado State University
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Office of 
Sponsored 
Research

General 
University 
Research

Office of Sponsored Research. This office, under 
the Vice President for Research, has the responsi­
bility for administration of research sponsored 
by outside agencies, both governmental and 
commercial. It consists of two sections: (a) Pro­
posal Section and (b) Office of Contracts and 
Grants Administration. These provide admin­
istrative support for sponsored research pro­
grams, from the early proposal stages through 
the execution of the research and final closing 
of the project.

The Proposal Section supports the faculty by 
providing information concerning potential spon­
sors. Facilities for preparation of proposals are 
also available including pricing, typing, repro­
duction, and distribution. Solicited and un­
solicited proposals are sent to a number of or­
ganizations that would possibly support a pro­
posed research project. Should a proposal sub­
mission result in interest by a sponsor, the Office 
of Contracts and Grants Administration negoti­
ates the provisions of the agreement, and subse­
quently handles the numerous details of admin­
istration. The Office of Contracts and Grants 
has responsibility to relieve the research in­
vestigator of the contingent mundane details. 
The prosecution of the research is the responsi­
bility of the principal investigator. Accounting 
for all research projects is provided by the Uni­
versity Accounting Office under the Vice Presi­
dent for Finance.

In the 1969-70 fiscal year, well over 400 pro­
posals were submitted by the University. During 
the same time, over 425 research projects were 
awarded to the University with a value of 
$15,400,000, an increase of 18 percent above 
the amount of the previous fiscal year.

Office of General University Research. Four units 
report to the Vice President for Research through 
this office: (1) Environmental Resources Center, 
(2) Office of International Programs, (3) Office 
of Contract and Grant Administration, and 
(4) Radiation Institute. Each unit supports and 
facilitates faculty research and thereby provides 
essential support in the academic training of 
students—graduate and undergraduate. Each 
unit also helps the university faculty to make 
their experience and knowledge available to 
the community and state.

During the fiscal year, efforts of faculty 
through these four units resulted in funding for 
research, education, and public service in excess 
of $15,390,000 from non-state sources. Sig­
nificantly, this supplemental funding enables 
CSU to serve the people of Colorado more com­
pletely than it could otherwise hope to do. New 
knowledge has been developed and its appli­
cations to Colorado problems has been per­
fected; techniques for extending the campus into 
the state, through TV for example, have been 
developed; expert advisory services to state and 
local governments have been provided; more 
and better-trained scientists—physical, biological, 
social—have been produced to challenge the 
complexities of today's world.
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Growth of 
Research

Source of
Research Funds 
Expended by College 
1967-1970

FACULTY   THOUSANDS OF DOLLARS

IMPROVEMENT COMMITTEE

AGRICULTURAL
SCIENCE

BUSINESS

ENGINEERING

FORESTRY AND
NATURAL RESOURCES

HOME ECONOMICS

SCIENCE AND ARTS

HUMANITIES AND
SOCIAL SCIENCES

NATURAL SCIENCES

VETERINARY
MEDICINE AND 
BIOMEDICAL SCIENCES

EXPERIMENT
STATION

vii
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MEDICINE AND 
BIOMEDICAL SCIENCES
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viii FINANCIAL STATEMENT, EXPERIMENT STATION Colorado State University Fiscal Year 1969-70

RESEARCH EXPENDITURES Colorado State University Fiscal Year 1969-70

Totals 20,774,385.35 14,373,559.35 3,536,083 50,000 2,814,743

College Total
Contracts 

and Grants
Experiment 

Station

Faculty 
Improvement 

Committee
Facilities 

Development

Agricultural Sciences 2,365,858.35 804,090.35 1,458,618 3,150 100,000
Business 34,202.37 33,311.37 891
Engineering 5,579,829.90 5,281,880.90 296,949 1,000
Forestry and Natural Resources 1,514,913.34 1,281,961.34 227,852 5,100
Home Economics 262,033.55 161.768.55 98,230 2,035
Humanities and Social Sciences 1,072,273.96 923,527.96 136,761 11,985
Natural Sciences 3,927,202.42 1,731.590.42 271,839 16,030 1,907,743
Veterinary Medicine and Biomedical Sciences 3,576,355.88 2,689,533.88 295,022 9,800 582,000
Other* 2,441,715.58 1,465,894.58 749,921 900 225,000

'Includes one or more of the following: President's Office; Dean, Summer Session; Dean, Graduate School; Libraries; Extension Service; 
Office of International Programs; Colorado State Forest Service, Natural Resources Center.

ADVANCED DEGREES AWARDED

Totals

College Masters Doctors

Agricultural Sciences 42 10
Business 28
Engineering 47 23
Forestry and Natural Resources 38 19
Home Economics 18
Humanities and Social Sciences 293 12
Natural Sciences 58 42
Veterinary Medicine and Biomedical Sciences 33 21

557 127

Carryover 7/1/69 
Receipts 1969-70

Total Revenue Available

Expenditure of Revenue: 
Personal Services 
Travel 
Equipment 
Land & Structures 
Personal Benefits 
Supplies & Materials 
Plant M&O

Total Expenditures

Balance 6/30/70 
Total Expenditures 

& Balance
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Environmental 
Resources 
Center

International
Programs

Radiation 
Institute

Contract and Grant 
Administration

Environmental Resources Center. The Environ­
mental Resources Center coordinates education 
and research programs dealing with man's use 
and development of land, water, and atmos­
phere. The missions of the Center are to stim­
ulate research on natural resources and related 
environmental problems, to facilitate training of 
scientists and engineers for the task of natural 
resources development and environmental qaul- 
ity control, and to improve the flow of informa­
tion between those engaged in research and 
those engaged in its application.

The Center, through the activities of eleven 
standing committees and several special com­
mittees, has participated in academic activities 
related to natural and environmental resources, 
planning for new research or educational pro­
grams, coordination of research programs with 
state and federal agencies, and general public 
services concerning environmental resources.

In addition, the Center administers a program 
of water research funded through the Office of 
Water Resources Research (OWRR), U.S. Depart­
ment of the Interior. Twenty-three water re­
search projects were conducted during the year 
supported by $300,000 in Federal funds and 
$200,000 in University matching funds. An ad­
visory committee of State Water Agency repre­
sentatives helped select projects having direct 
applications to Colorado problems. Fifty-four 
professional research scientists and engineers 
representing 14 disciplines conducted the work; 
54 students gained advanced training through 
research participation. Thirty-eight technical and 
professional publications reporting results and 
new knowledge were issued.

Office of International Programs. The function 
of OIP is to direct campus attention to world 
affairs and to develop research and educational 
activities in appropriate international programs. 
The office provides liaison internally as well as 
between sponsor and the University for projects 
operating abroad; it reviews and approves all 
contracts for foreign projects; it prepares pro­
posals covering research, training, and operation 
of foreign projects; it assists foreign students 
in arrangements for study at CSU and in orienta­
tion and adjustment to the campus; and it pro­
vides liaison with U.S. agencies and foreign gov­
ernments in planning and coordinating training 
visits of short or long duration for foreign per­
sonnel.

Office of Contract and Grant Administration. 
Administrative services in support of sponsored 
research, for training grants, and for other agree­
ments with outside agencies are provided by 
this office. Included are assistance to faculty 
in negotiating terms of agreements, monitoring 
agreements for CSU compliance with terms, bud­
get control, reminders on report deadlines, 
changes in agreement, and similar tasks. Faculty 
liaison with sponsors is expedited by the staff.

Assistance is given faculty in preparation of 
proposals for research projects and training 
grants. Potential sponsors may be identified; a 
proposal may be typed in final form, edited, 
checked for completeness and compliance with 
University policies; copies may be made, ap­
proved, and submitted to sponsor.

Radiation Institute. A voluntary association of 
faculty who are interested in all aspects of 
nuclear science and radiation technology, the 
Institute provides coordination for research and 
training in these fields. It serves as an interdis­
ciplinary forum for the many departments and 
colleges involved.

A part-time director is responsible for oper­
ation of the training reactor and for radiation 
safety on the campus. University compliance 
with state and federal regulations on use and 
disposal of radioactive materials and other safety 
measures is a responsibility of the Institute staff.



Experiment 
Station

Experiment Station. The Colorado State Univer­
sity Experiment Station is a complex of faculty, 
graduate students, technicians, laboratories, and 
field stations at Fort Collins and 11 other loca­
tions scattered throughout the state. Most of the 
scientists are involved in both research and 
teaching.

The Experiment Station was created and 
funded in 1888 by passage of the Hatch Act. Like 
its counterparts in other land-grant colleges, it 
was enjoined as an integral part of the institu­
tion to promote investigation into the basic prin­
ciples and useful applications of science relating 
to agriculture. In 1962 the McIntire-Stennis Co­
operative Forestry Research Act expanded the 
efforts of experiment stations by providing new 
funding for research in forestry. Since both of 
these Acts require state matching funds, the 
Experiment Station is supported cooperatively by 
both state and federal governments. Over the 
years the program of the Experiment Station has 
broadened to encompass research efforts in all 
eight colleges of the University.

Cooperative research is conducted with U.S. 
Department of Agriculture agencies on the main 
campus and at facilities located near Akron and 
Gunnison.

Research results are made available to the 
public through bulletins, scientific journals, news 
media, and field days at the branch stations.

1 Northern Colorado Research Demonstration 
Center, Greeley

2 Eastern Colorado Range Station, Akron
3 Central Great Plains (USDA) Field Station 

Coop., Akron
4 Arkansas Valley Branch Station, Rocky Ford
5 Southeastern Colorado Branch Station, Springfield
6 Walsh Experimental Area
7 San Luis Valley Branch Station, Center
8 San Juan Basin Branch Station, Hesperus
9 Yellow Jacket Experimental Area

10 Mountain Meadow Research Center, Gunnison 
11-12 Western Slope Branch Station,

Austin-Rogers Mesa; Austin
13 Western Slope Branch Station, 

Orchard Mesa; Grand Junction
14 Western Slope Branch Station, 

Fruita; Grand Junction



Faculty 
Improvement 
Committee

University Facilities 
Construction and 
Utilization

xii Faculty Improvement Committee. The duties of 
the Faculty Improvement Committee (FIC) as 
stated in the CSU Faculty Staff Manual are: 

The Faculty Improvement Committee is 
composed of faculty representatives. The 
committee advises on matters of concern 
to the faculty, including such factors as 
working conditions, relationships, recog­
nition, advancement, and other matters 
which may be recommended to improve 
effectiveness and welfare of the faculty.

In addition, the FIC is responsible for a modest 
amount ($50,000) in research funds. These funds 
are distributed by an ad hoc committee of five 
faculty members chosen by the FIC for their 
record of research. These research funds are 
granted to faculty members who submit pro­
posals to this committee for the establishment 
of new research projects on campus. Sixty-three 
grants from FIC funds were made to 26 depart­
ments for fiscal year 1969-70, with the following 
distribution:

College
No. of 
Grants

Amount 
Granted

Agricultural Sciences 3 $ 3,150
Business — —
Engineering 2 1,000
Forestry and Natural Sciences 5 5,100
Home Economics 2 2,035
Humanities and Social Sciences 21 11,985
Natural Sciences 20 16,030
Veterinary Medicine and 

Biomedical Sciences 9 9,800
Miscellaneous—Libraries 1 900

TOTALS 63 $50,000

The progress reports for these grants, which 
are on file in the Office of the Graduate School, 
indicate that the distribution and use of these 
funds have contributed substantially to the de­
velopment of new research at CSU.

University Facilities Construction and Utilization 
Office. The Facilities Construction and Utiliza­
tion Office is responsible for the funding, de­
sign, construction, space assignment, and space 
utilization of the total facilities program. During 
the last year the following facilities concerned 
primarily with development of research and 
graduate training facilities were either completed 
and occupied or placed under construction con­
tract:

Facility Sponsor Amount

Chemistry Building— 
(Under construction)

HEW (1) $1,560,743

Anatomy-Zoology— 
(Final design)

NIH (2) and 
HEW (1) 795,000

Beef-Cattle Nutrition 
Research Center 
(Under construction)

State of 
Colorado 100,000

Grassland Biome 
Research Lab 
(Under construction)

State of 
Colorado 225,000

(1) Health, Education and Welfare
(2) National Institutes of Health

In addition to the construction program responsi­
bilities the Facilities Construction and Utiliza­
tion Office works with departmental and ad­
ministrative committees in development pro­
posals for additional research facilities and re­
lated research grant proposals. It also super­
vises facilities grant funds and administers pro­
ceeds from Research Foundation revenue bonds.

The University's present strong orientation to 
the upper division graduate training and research 
endeavors is reflected in a Five Year Program 
that calls for a 110 percent increase in existing 
research space.



Research
Accomplishments

Agriculture

Beef Quality. The "twin-calf project" in the 
Animal Science Department has just about fin­
ished its first year of operation. The project is 
a study on the development of muscle, fat, and 
bone in beef cattle during growth with special 
emphasis on the distribution of fat in the carcass.

The calves are purchased shortly after birth, 
reared and fattened at the CSU livestock farm, 
and slaughtered in the Animal Science meat lab. 
They are weighed, bled, biopsied, counted, 
somascoped, and injected every month to de­
termine body composition, enzyme activities, 
and hormone levels. All of these measurements 
will be plotted as functions of growth and cor­
related to the cutability and quality of the car­
cass. Any of the traits that are highly related 
to superior carcasses can be measured in young 
animals and used to predict the type of carcass 
that the calf will produce.

The design of the project includes twin 
calves so that the results of the research can 
be used in breeding programs. Twins will pro­
vide the information needed to determine how 
much improvement can be made through better 
management and nutrition, and which traits 
should be emphasized in a selection program.

Sixteen sets of Hereford, Angus, and Hol­
stein twins were purchased in 1969 and slaugh­
tered in the fall of 1970. One side of each calf 
was completely boned and ground for body 
composition analysis. The other side was cut 
by standard procedures to determine cutability 
and retail value of the carcass. Selected cuts 
were collected from each wholesale cut for 
chemical analysis and study of how fats are dis­
tributed in the carcass. Twelfth rib cuts were 
saved to determine the eating quality of the 
meat by organoleptic evaluation.

When all of the analyses and measurements 
are pulled together CSU animal scientists hope 
that growth patterns will be revealed in young 
calves that will indicate their future value as car­
cass beef and give an estimation of the quality. 
The development of such tools will provide the 
cattle industry with the wherewithal to produce 
better beef for the American people for less of 
their total food dollar.

Consolidation of Irrigation Systems. The con­
solidation of irrigation systems involves the oper­
ation of an agricultural valley under one man-

Estimating lean body mass in the whole body 
counter.

Collecting samples of fat and muscle from twin 
calves by biopsy techniques.

Analyzing samples of twin calf fat and muscle 
in the laboratory.



2 agement unit, instead of the practice of many 
irrigated valleys in the west which contain num­
erous separate irrigation companies. Among the 
problems that arise due to numerous companies 
operating independently are duplication of irri­
gation structures; more costly operation and 
management; legal questions regarding priority 
of water rights and time of use of water sup­
plies; human problems involving the attitude 
of water users toward the use and development 
of water; and economic problems concerning 
water development and the value of the water 
supply. Consolidation would not only alleviate 
many of these problems but would increase the 
strength and effectiveness of the irrigation in­
stitution in improving water management and 
bringing about water development.

The problems associated with consolidating 
the irrigation companies in a large valley are 
being evaluated by studying eight irrigated val­
leys in the west. The eight areas are Poudre and 
Grand Valleys in Colorado, Ashley and Utah Val­
leys in Utah, Eden and Riverton Valleys in Wyo­
ming, the Truckee-Carson Irrigation District near 
Fallow, Nevada, and the Salt River Valley near 
Phoenix, Arizona. Two of these valleys have been 
consolidated for more than 50 years; two have 
only recently been consolidated; two have only 
limited reasons for becoming consolidated; and 
two consist of a maze of irrigation companies 
and would materially benefit by consolidating.

One of the objectives of this study is the 
determination and evaluation of the engineering 
characteristics of the system, including the mag­
nitude of time-variation of the water supply, the 
physical characteristics of the system, its oper­
ational methods, and alternative physical and 
operational systems.

Another objective is to examine the sys­
tems and to analyze them from a legal perspec­
tive, determining whether or not present laws 
operate as impediments to consolidation; which 
institutional arrangements control the use of 
water; what the legal rights of individual users 
are; and what legal constraints it may be neces­
sary to include in consolidation proposals.

Finally, the study will attempt to focus at­
tention on the sociological dimension of con­
solidation, determined by the organizational ar­
rangement of the irrigation companies, and the 
perceptions of satisfaction and dissatisfaction by 
persons associated or affected by irrigation com­
panies. Organizational alternatives for consolida­
tion proposals will be explored and delineated.

The engineering aspects of consolidation are 
being supervised by Gaylord V. Skogerboe in 
the Agricultural Engineering Department, while 
George E. Radosevich in the Economics Depart­
ment is handling the legal aspects, and Bertram 
L. Ellenbogen and Evan Vlachos of the Depart­
ment of Sociology-Anthropology are studying the 
social dimensions of the problem.

Diarrhea in Calves. A newborn calf nursing 
from his mother or frolicking in the green grass 
in some mountain ranch setting is a photo­
grapher's delight and, for the urbanite, a remind­
er of the beauty in nature. But, to the rancher 
who owns the calf it represents a year of work, 
invested capital, borrowed operating money, and, 
if he is lucky, a small profit when the calf is 
sold in the fall of this year or next. The calf 
represents the only marketed product for most 
ranchers—the fruit of his labors. Unfortunately 
10-25% of the calves never leave the ranch; 
they die of calfhood diseases. That fact costs 
the cattle industry 40-60 million dollars each 
year. These deaths are a serious economic prob­
lem for the industry and ultimately mean that 
every person must pay more for the beef on 
his table.

The most serious of the calfhood diseases 
are categorized as “enteric diseases," those in­
testinal disorders commonly resulting in “scours" 
or "diarrhea." A number of factors are known 
to cause the condition. It may be due to bac­
teria or virus or to poor nutrition. In a joint 
research effort, scientists from the Departments 
of Microbiology, Pathology, Animal Science, and 
Physiology and Biophysics are studying this prob­
lem.

Nutritional and physiological problems of 
prevention and cure are being studied intensively 
by Dr. Kirvin L. Knox (Animal Science) and Dr. 
Robert W. Phillips (Physiology). Physiologically 
the body fluid loss due to diarrhea is a serious 
crisis for the animal. Depending upon the sever­
ity of the diarrhea, the calf may lose 10-15% 
of its body fluids. This means that the animal is 
losing body water and also minerals, such as 
sodium chloride and potassium. The composi­
tion of the fluid replacement must be correct. 
Until now composition-of-replacement therapy 
was unknown.

These studies have shown that food pro­
teins and energy are critically important to 
the calf with diarrhea. Because the animal has 
diarrhea the body metabolism is increased to a 



3very rapid pace; this reaction further depletes 
the animal's meager store of available energy. 
Animals with diarrhea do not absorb sufficient 
quantities of needed nutrients from their stom­
achs and small intestines. Furthermore, sec­
ondary infections from bacteria may complicate 
the situation. If the necessary nutrients are not 
provided, the animal may die or have impaired 
resistance to other stresses. Dietary supplements 
to restore energy, protein, and fluid balance are 
being tested.

Fruit Disease Research. Cytospora canker is one 
of the worst diseases plaguing peach orchardists 
in Colorado and other areas of the U. S., and 
in foreign lands from western Europe to main­
land China, including the irrigated desert of 
Israel. Research work in Colorado on this disease 
is being carried on by Dr. Norm Luepschen and 
his assistants of the Botany and Plant Pathology 
Department at CSU's Western Slope Branch Sta­
tion at Grand Junction.

Peach canker, a fungus disease, causes a 
degeneration of the tree's bark tissues resulting 
in dieback of twigs, branches, and tree scaffolds, 
with the ultimate death of the entire tree. The dis­
ease is associated with wounds, particularly win­
ter injury, pruning cuts, and cultivation and 
harvesting injuries. The active presence of the 
Cytospora fungus is often witnessed by large 
drops of gum exuding from infected bark; hence 
the descriptive name, "gummosis."

In searching for a practical control of peach 
canker, we have explored various avenues, in­
cluding tree nutrition, varietal difference in sus­
ceptibility, and wound exposure studies. These 
latter showed that if pruning is delayed until 
tree growth resumes in the spring, the severity 
of canker incidence is reduced by more than 
half, compared with those trees pruned in early 
winter. Chemical controls are also being sought 
in the form of wound dressings, post-pruning 
fungicide sprays, and chemotherapeutants. As 
a result of research, various protective measures 
are currently being recommended to peach grow­
ers, while chemotherapy and varietal studies are 
continuing.

In addition to these practical results, some 
very important basic information has been dis­
covered concerning the Cytospora fungus and 
the nature of the disease. For example, it was 
found that Cytospora pycnidiospores require an 
external supply of carbohydrate for germination, 

either as simple sugars or sugar alcohols. These 
compounds are found in peach bark, with slight 
seasonal variations. The airborne nature of the 
spores was first established in 1969. Prior to 
this, the infectious spores were considered to 
be spread only by contact, with splashing rain­
drops, insects, and man as the vectors. The re­
lationship of wind currents and other weather 
factors in the orchard environment on airborne 
spore dissemination is now being explored. Re­
searchers in other areas, along with Colorado 
peach growers, have shown considerable interest 
in our results.

A Mathematical Model to Predict Nitrogen and 
Phosphorus Requirements of Potatoes. Many 
potato farmers are using fertilizers to increase 
their yields and profits. There is a need to pre­
dict fertilizer requirements of potato crops more 
judiciously because of the danger of over-fer­
tilization, which reduces the profit margin of 
the farmers and might lead to groundwater pol­
lution and a reduction in tuber quality.

Dr. P. N. Soltanpour, Department of Horticulture, 
examines potato plants as part of investigation 
to predict nitrogen and phosphorus requirements 
of potatoes.



4 Dr. Parviz N. Soltanpour of the Department 
of Horticulture, with the cooperation of Dr. John 
O. Reuss, Department of Agronomy, has de­
veloped a mathematical model that relates the 
yield of potato tubers to the sum of fertilizer 
and soil inorganic nitrogen, and to the man­
ipulated sum of fertilizer phosphorus and soil 
phosphorus. This model, which has been veri­
fied by field tests, can be programmed on a 
computer to print out the nitrogen and phos­
phorus fertilizer recommendations for different 
potato farmers according to their soil test re­
sults and ratios of unit price of potatoes and 
unit cost of nitrogen and phosphorus.

The results of the research have also indi­
cated that inorganic soil nitrogen is very im­
portant in determining the nitrogen require­
ments of potato crops while the contribution of 
soil organic matter is about constant. This re­
search project is being supported by the Experi­
ment Station and the San Luis Valley Potato Ad­
ministrative Committee.

Laboratory technician determining inorganic nit­
rogen content of the soil samples, San Luis Val­
ley Branch Experiment Station, Center, Colorado.

More Effective Use of Solar Energy for Crop 
Production. Research at the Department of 
Agronomy Research Center has shown that sugar 
beet yields are highly correlated with solar en­
ergy and leaf area. The plant's growth pattern, 
however, does not fit our season for most ef­
fective use of the sun's energy. Growth studies 
reveal that solar radiation maximizes in early 
July about a month before total leaf area reaches 
its maximum value. Thus, leaf area should reach 
a maximum sooner to utilize early season radi­
ation more effectively.

Seasonal radiation in relation to leaf area index. 
Leaf area index is the ratio of leaf area to ground 
area.

Sugar beet yields are approaching a produc­
tion plateau in Colorado, and one of the prin­
cipal production limitations is the inability of 
the plant to use the high level of solar energy 
available early in the season because of insuf­
ficient leaf area.

Based on this research, the Agronomy De­
partment is developing new management tech­
niques to increase early-season leaf area. One 
of the innovations is the use of clear poly­
ethylene plastic over the crop for four to six 
weeks following planting. This practice increas­
ed the yield of sugar 35% over the control in

Increased early season growth of sugar beets 
(June 7, 1970) resulting from plastic cover. Plot 
in immediate foreground was planted March 4, 
then covered with plastic until April 15. Next 
plot in the background was planted the same 
date but remained uncovered. Plots on left and 
right are other treatments, some still covered 
with plastic.



51968 and 25% in 1969. The plastic-covered treat­
ments germinated sooner and grew more rapidly 
during the spring than did the conventionally 
grown beets. The greater leaf area presented 
by these treatments in early July was associated 
with greater production of sugar. Seedlings ger­
minated in the greenhouse and transplanted into 
the field at the normal planting date also en­
hanced early plant growth and increased sugar 
production 25 to 35%. With mechanization of 
the new management practices being investi­
gated at CSU, there is considerable opportunity 
to raise the level of sugar beet production dur­
ing the 70's.

Soil Test for Prediction of Nitrogen Requirements 
of Crops. Prediction of the nitrogen fertilizer 
needs of crops is important both to the farmer 
and the public. Without sufficient nitrogen, 
yields will be low and the crop will not provide 
an economical return to the grower. Excess 
nitrogen will reduce the quality of some crops, 
particularly sugar beets and malting barley. The 
public must be concerned, because in many 
soils if excess nitrates are present they may leach 
downward into the water table causing nitrate 
pollution that represents a hazard to human and 
livestock health. The first step in preventing 
such pollution is the regulation of nitrogen sup­
plied to the crops in such a manner as to pro­
vide for the crop needs without unnecessary 
excesses that present a pollution hazard.

The concept has been widely accepted by 
agronomists that the amount of readily available 
nitrogen present in the soil at the start of the 
cropping season is not an important factor in 
determining the amount of nitrogen fertilizer 
that should be applied to the crop. According 
to this concept readily available nitrate and am­
monium nitrogen is present in relatively small 
amounts compared with the total amount re­
quired by the crop. Further, the nitrogen is sup­
posed to fluctuate very rapidly with time due 
to use by the crop and the soil microflora. Actu­
ally the major store of nitrogen in the soil is in 
the organic matter. Thus, according to the clas­
sical concept, the best way to predict the supply 
of nitrogen that will be available to the crop 
is to estimate the rate at which nitrogen will be 
released by the breakdown of soil organic mat­
ter. Over the years a great deal of effort by 
many scientists has gone into attempts to de­

velop methods to estimate this release rate from 
soil tests.

Recent work by the Agronomy Department 
has shown that these classical concepts are not 
valid under present Colorado conditions. Rela­
tively large amounts of nitrate and ammonium 
nitrogen are often present in our soils at plant­
ing time. Under dryland conditions these ac­
cumulate from the breakdown of soil organic 
matter during the fallow period. Under irriga­
tion they may accumulate from previous appli­
cations of commercial or barnyard fertilizers in 
excess of crop requirements, or from the break­
down of residues from leguminous crops. Re­
search has shown that the amount of readily 
available nitrogen, particularly nitrate, in the soil 
at planting time is more important in predicting 
fertilizer needs than are measurements com­
monly used to provide estimates of release from 
organic matter. However, these release rate 
measurements are still useful in refining the 
prediction. Mathematical models have been de­
veloped that describe the response of common 
crops to the total supply of nitrogen. In order 
to utilize these models in prediction, it is neces­
sary to estimate readily available nitrogen and 
nitrogen likely to be released from organic mat­
ter by means of soil tests. Sufficient fertilizer 
nitrogen is then added to attain the proper total 
supply for a given crop. These estimates give 
better prediction of fertilizer needs than methods 
that do not take into account all three sources. 
Statistical methods were adapted to determine 
from the research data the relationship between 
laboratory tests for organic nitrogen and the 
amount of nitrogen released to the crop in the 
field. Interestingly enough, values determined 
by this method are very similar to "rules of 
thumb" that have been in use by agronomists 
for many years.

Nitrogen fertilizer recommendations pres­
ently being made by the CSU Soil Testing Lab­
oratory are based on this total supply concept 
and are the direct result of this research. Further 
studies are under way to refine the methods 
and provide more accurate recommendations for 
a wide range of crops.



Basic Research

Accelerated Massed Desensitization Therapy. In 
what has been termed a "pioneering" work, Dr. 
Richard M. Suinn, Professor of Psychology, has 
opened up new hope for people suffering from 
tensions and anxieties. Until recently, emotional 
conflicts required months and even years for 
successful treatment, and during such prolonged 
therapy, the clients often experienced continued 
personal distress as they attempted to confront 
their problems.

Dr. Suinn has been developing a treatment 
technique based on behavior therapy. Within 
the past ten years, the realm of psychotherapy 
has been significantly changed through the dis­
covery of this new mode of treatment. Behavior 
therapy is based on the belief that symptoms of 
maladjustment are a result of defective learning 
rather than of deep, symbolic, emotional con­
flict. Claustrophobia, for example, is seen as 
a learned response to the stimuli of closed spaces 
and not because confinement reflects emotional 
problems of early childhood.

From this point of view, the behavior thera­
pist can draw from a vast reservoir of proven 
evidence regarding how normal behaviors are 
acquired and altered. Laws on normal behaviors 
can now be applied toward understanding and 
changing pathological behaviors. Basically the 
behavior therapist establishes a learning en­
vironment that will enable the client to acquire 
adaptive, healthy behaviors or to extinguish mal­
adaptive ones. Desensitization is one form of 
behavior therapy found especially valuable in 
the treatment of anxieties or phobias. The client 
is trained in relaxation responses, then system­
atically and gradually exposed to visual scenes 
that currently arouse varying degrees of tension. 
The client is soon able to react with relaxed 
responses instead of fear when faced with the 
visual stimuli.

Professor Suinn's recent work has been to 
modify the desensitization technique so as to 
significantly reduce the amount of treatment 
time. Although major theorists and therapists 
have been convinced that desensitization must 
proceed at a relatively slow pace, Dr. Suinn has 
challenged this belief. In a series of crucial ex­
periments, the therapeutic time was reduced from 
eight-ten weeks (the typical time for desensiti­
zation as used by behavior therapists), to one 
week, to two days, and most recently to four 
hours. Throughout these studies, as results de­

manded, the desensitization method was modi­
fied into the form now called accelerated massed 
desensitization.

Accelerated massed desensitization enables 
the therapist to treat several clients simultan­
eously and in an extremely short time. This has 
the advantage of eliminating maladaptive diffi­
culties before they interfere with further func­
tioning, or before they become more severe. 
For example, the technique has been used with 
students suffering from mathematics anxiety. This 
type of problem prevents the student from suc­
cessfully coping with any courses that involve 
numbers or formulas, such as accounting or chem­
istry. If not treated quickly, the student may 
miss important foundation courses necessary for 
his vocation and become more and more de­
ficient in his preparations.

In many cases mathematics anxiety general­
izes to other life settings, such as balancing a 
personal bank account or tabulating a grocery 
bill. Accelerated massed desensitization was 
used to treat students with such problems, with 
the therapy program being completely accomp­
lished in one evening. Significant recoveries 
were found to occur after therapy in the stu­
dents' feelings of comfort and in their ability 
to solve mathematics problems. One student 
even reported a unique fringe benefit in that 
he was "actually beginning to enjoy doing 
mathematics problems in class."

Behavior of Fundamental Materials in Structures. 
The need for economical, secure, and esthetically 
pleasing structures to house man's many activi­
ties has never been greater. Research on im­
portant aspects of engineering of structures and 
the materials of which they are constructed is 
progressing through the efforts of the Structural 
Engineering Program in the Civil Engineering 
Department.

Drs. J. R. Goodman, Civil Engineering, and 
J. Bodig, Forest and Wood Sciences, have com­
pleted a study of the basic behavior of wood 
under external loading, under the sponsorship 
of the National Science Foundation. Four species 
were studied: two softwoods and two hardwoods 
including the Colorado grown wood, Engelmann 
spruce. Developments of the study include an 
assessment of the degree of error introduced in 
considering wood to be an orthotropic elastic 
material. A new testing apparatus developed for



7compression testing of clear wood specimens 
shows promise of improving the accuracy of test­
ing methods. Strength data taken for loading 
at all angles to grain of the wood specimens have 
been analyzed and a new formula has been de­
veloped to predict the strength of softwood and 
hardwood species under such loading.

Elastic and strength properties of wood.

The modern design of engineered wood 
structures depends on an accurate knowledge 
of the wood's strength and elastic properties. The 
data developed by this study will materially aid 
the designer in making use of wood in building 
and construction. Additional funding for con­
tinued study has been obtained to further the 
work begun on this grant.

Dr. M. D. Vanderbilt, Civil Engineering, has 
completed a study of the shear strength of con­
tinuous reinforced concrete floor slabs. The 
study, sponsored by the National Science Foun­
dation, utilized a new type of test specimen 
which more closely simulates continuous struc­
tures than have previous specimens. The study 
produced additional insight into the behavior 
and strength of continuous slabs.

Future research efforts are expected to in­
clude continuing studies of fundamental mater­
ials behavior and studies of the analysis and 
design of complex structural systems. The struc­
tural staff members are participating in the study 
of stochastic methods in engineering under the 
aegis of the Civil Engineering Departmental 
Grant. As competence in this area is gained, the 
staff expects to initiate studies dealing with the 
determination of random loadings on structures, 
fatigue strength of structural joints under ran­
dom loadings, and probabilistic load factors for 
design.

Basic Combustion Studies. The combustion of 
hydrocarbon fuels is often the primary step in 
the production of useful power in our technolgy. 
For example, the automobile, turbojet airplane, 
fossil-fuel electrical power plant, and diesel loco­
motive are all dependent on such combustion 
processes.

If the importance of hydrocarbon combus­
tion is obvious, then it is more distressing that 
the mechanisms by which such combustion 
processes occur are only understood in a rudi­
mentary and general way. It is apparent that a 
more thorough understanding of these processes 
might well lead to a more efficient utlization of 
our energy resources. In addition, such an un­
derstanding would undoubtedly aid in the con­
trol and reduction of the pollutants produced 
in these combustion processes.

The work of Dr. C. E. Mitchell and Dr. P. 
J. Wilbur of the Mechanical Engineering Depart­
ment is directed toward the analysis of nonsteady 
burning mechanisms in combustors using liquid 
hydrocarbons. Examples of such nonsteady burn­
ing are automobile engine knock and rocket en­
gine instability. Physical and mathematical 
models are being developed to explain in detail 
the nature of these unsteady phenomena. These 
models are then compared with the existing 
body of experimental data in order to evaluate 
their accuracy and effectiveness. It is hoped that 
the end result of this program will be increased 
insight into how combustion takes place and, 
additionally, a reasonably simple mathematical 
representation of the combustion process that 
will be of use to the future designer of hydro­
carbon-burning devices. The work is being con­
ducted with the aid of grants from the National 
Science Foundation and the National Aeronautics 
and Space Administration.

Diffusion about Isolated Structures of Simple 
Geometry. In the atmospheric boundary layer, 
the dispersion of gases released from an elevated 
source may be predicted on the basis of some 
semiempirical model, but very little research has 
been accomplished for dispersion within the 
cavity-wake region. Problems, for instance, in­
clude situations where the leakage of radioactive 
gases in the vicinity of a reactor building causes 
a serious contamination in the downwind region. 
Another familiar case is that the expanding edge 
of a plume may reenter the wake region and 
produce a secondary source.



8 Only a few systematic quantitative studies 
of dispersion in the wake region have been com­
pleted. Due to the difficulty of producing an 
analytical prediction, it is hoped that the use 
of wind-tunnel experiments to estimate the dis­
tribution of concentration as aggravated by 
buildings will be proven to be a reliable pre­
diction procedure.

A set of experiments has been completed in 
the Fluid Dynamics and Diffusion Laboratory at 
Colorado State University in both neutral and 
inversion meteorological conditions.

These experiments were designed by Dr. R. 
N. Meroney, a member of the Fluid Mechanics 
Program, Department of Civil Engineering, in 
cooperation with the meteorological group of 
the Idaho Falls Nuclear Reactor test site. Geo­
metrically and dynamically similar experiments 
for diffusion of gases in building wakes both 
in the atmosphere and in the meteorological 
wind tunnel have been planned. The two sets 
of data will provide a foundation of confidence 
for using the wind tunnel as an engineering tool 
for nuclear reactor station analysis. In addition, 
the wind tunnel information will complement 
prototype data for those situations difficult to 
study in the atmosphere.

Lumbar Vertebral Prosthesis. Prosthetic replace­
ment of damaged or diseased vertebrae in man 
may be commonplace in future years. At the 
Surgical Laboratory, Drs. W. V. Lumb and T. H. 
Brasmer have successfully replaced the second 
lumbar vertebra in dogs with a plastic vertebra 
made of polyvinylidine fluoride. Dogs with pros­
thetic vertebrae have been maintained as long 
as ten months postoperatively with excellent 
function of the hindquarters. A patent has been 
issued to the University on the prosthesis.

Prosthetic vertebra made of polyvinylidine flu­
oride.

Potential uses for this device in man in­
clude treatment of cancer and cysts of the verte­
bra, spinal fractures and dislocations, tubercu­
losis, and spinal cord injuries.

A further outgrowth of this work is develop­
ment of a new method of spinal plating for 
stabilization of the spinal column. This has been 
used successfully in dogs with fractures of the 
vertebrae and appears to have application in 
man. A patent application is pending on this 
device also.

Modeling Cohesive Soil Structures. An experi­
mental study is nearing completion to develop 
new techniques for modeling homogeneous co­
hesive soil prototype using granular cohesion­
less materials in small scale laboratory models. 
The study has been directed by Dr. James M. 
Bell of the Department of Civil Engineering and 
supported by the National Science Foundation.

Quartz sand was subjected to all-around ex­
ternal confinement using internal vacuum and 
the frictional properties of the medium to sim­
ulate cohesion. New granular materials com­
posed of lead and glass beads coated with tef­
lon were developed to simulate the low frictional 
characteristics common to clay soils. A labora­
tory investigation of the strength of quartz sand 
under the extremely low pressures encountered 
with small structures yielded new and valuable 
information on material behavior.

Dog with second lumbar vertebra replaced with 
prosthetic vertebra.



9Detailed model studies included both earth 
slopes and buried anchors. The slope stability 
study, when compared with available theoretical 
methods, indicated that use of the newly de­
veloped modeling techniques resulted in an ex­
cellent quantitative description of the prototype 
failure. The ultimate pullout capacity of buried 
anchors was much more difficult to assess be­
cause theoretical methods thus far have proved 
inadequate with respect to describing the fail­
ures which have occurred. Work is being con­
tinued to better explain model test results related 
to three-dimensional problems.

Scanning Electron Microscopy. SEM is a new 
technique of scientific investigation that cuts 
across many disciplines. Although the first scan­
ning electron microscope (SEM) was constructed 
in 1935, the instrument has been available com­
mercially only since about 1965, and the de­
velopment of several different brands of instru­
ments has greatly expanded the information re­
sulting from its use. Biology, nearly all phases 
of engineering, metallurgy, paleontology, chem­
istry, physics, and medicine have profited by 
the development of this instrument. The pros­
pects for its use and the predictions of informa­
tion yet to be discovered through its use are un­
limited. Standard SEM instruments and some 
accessories make it available as a teaching de­
vice through a fast-scan TV. It is also used as 
an analytical instrument through Auger and X-ray 
diffraction analysis. It can be used as a detector 
of the function of electrical microcircuits and 
semiconductors. It can be used as a means of 
determining surface structure in mechanical en­
gineering, metallurgy, and biology, as well as 
the study of health-oriented objects and ma­
terials; elucidation of structure in biological 
forms is easily extrapolated to function.

The most striking effects of studies with 
the SEM are the outstanding micrographs ob­
tained. The depth of field is 300 to 500 times 
greater than the best observed in the best light 
microscopes. Micrographs thus obtained are not 
only aesthetically beautiful, but easily interpret­
ed, and are demonstrably useful for indicating 
or verifying interpretations of structure and 
function.

The scanning electron microscope is differ­
ent from the conventional reflection or trans­
mission electron microscopes. It produces a 
magnified image without any lenses between 

the object being observed and the cathode-ray 
tube viewing screen where one sees the image. 
In the case of the SEM, this image is seen on 
the cathode-ray tube and appears three-dimen­
sional. The optical system of the SEM is used 
to focus the electron beam directly on the 
specimens. Compared with the light micro­
scope, the SEM has better resolution, a much 
greater depth of field (though this is not un­
limited), and a broader range of magnification. 
The images are produced by the traversing of 
the electron beam over the surface of the speci­
men; the emission of the secondary electrons 
from different areas of the specimen results in 
a contrast below the surface of the cathode-ray 
tube so that the specimen is viewed in the three- 
dimensional aspect. This depth of field (300 to 
500 times what can be seen with light micro­
scopy) and magnification range (20X to 50,000X) 
make it possible to use this important tool in 
studying microfauna, microfossils, mites, pollen, 
protozoa, bacteria, cellular structures of plants 
and animals, external structures in mites and 
insects, electrical microcircuits, chemicals, alloys, 
metals, powders, and a variety of textile surfaces.

A Female Rocky Mountain Spotted Fever Tick, 
Dermacentor andersoni, 22X.

Dr. Tyler A. Woolley of the Zoology De­
partment became interested in scanning electron 
microscopy in 1967 when he attended the Sec­
ond International Congress of Acarology in Sut­
ton-Bonington, England. Since that time he has 
extended his training in the use of this instru­
ment and has obtained a number of different



10 micrographs, particularly of mites, which are the 
principal objects of his research. The sensory 
organs of ticks have been studied in SEM to de­
termine if control of ticks is possible. Other 
features of the ticks are made more useful in 
their classification when observed in SEM. The 
structural details of oribatid (soil) mites have 
also been observed in the instrument. Several 
articles have been published in professional 
journals; others are in press. The accompanying 
micrographs are examples of the type of obser­
vations that can be made with the scanning elec­
tron microscope and they show the details of 
the structures of the mites in magnification as 
indicated.

Amblyomma americanum hypostome (head of 
the tick), 300X.

Drs. Wilber and Woolley of the Zoology 
Department have developed a proposal for the 
use of a scanning electron microscope on a 
multidisciplinary basis within Colorado State 
University and on a cooperative basis within 
the region, including participation by Colorado 
schools and the University of Wyoming. CSU 
has promised matching funds for any support 
this proposal receives from granting agencies to 
obtain an instrument at CSU. Specific plans for 
the accommodation of such an instrument were 
designed and included in the blueprints of the 
Anatomy-Zoology building. In this day of rapid

The mouth parts of a soil mite, Liacarus cidarus 
Woolley, 1000X.

advances in science, CSU will be in the fore­
front of this new development within micro­
scopy, if the University is successful in obtaining 
a SEM.

Like the transmission electron microscope, 
the SEM is a marvelous tool: for the elucidation 

A soil mite, Gymmodaemaeus sp., 100X.



of details that cannot be seen otherwise; for 
better understanding basic microanatomy; and 
for elucidating related structures and func­
tions in engineering, physics, and chemistry. 
From the number of studies being conducted 
with the use of the SEM it is markedly evident 
that its usefulness will greatly expand in a good 
many facets of biological and physical science, 
and it will give science an ever-increasing ex­
pansion of the intricacies of the natural sciences.

Statistical Laboratory. Many university research 
projects are served directly or indirectly by the 
personnel of the Statistical Laboratory—members 
of the faculty regularly assigned to the Depart­
ment of Mathematics and Statistics, but with the 
additional responsibility of providing research 
and consulting services in the field of statistical 
data analysis. The work of the Statistical Labora­
tory is reflected in the research efforts of virtually 
every department on the campus through the 
consulting work done for researchers in those 
departments. In addition, the laboratory pro­
vides its services directly to government and 
other agencies under research contracts.

One of the larger research programs now 
underway in the Statistical Laboratory under con­
tract from the U. S. Bureau of Reclamation is 
assisting in the design and evaluation of cloud­
seeding experiments. The importance of research 
in this area is obvious, not only from the stand­
point of increasing overall precipitation in se­
lected areas, but because of the opportunity for 
using seeding to reduce the danger of destruc­
tive hailstorms. Less obvious to the layman, 
however, is the difficulty and importance of sta­
tistical data analysis in such research. Because 
of the fundamental variability of meteorological 
phenomena, it is always difficult for the ex­
perimenter to determine the effectiveness of his 
actions, and this difficulty has been the source 
of considerable controversy regarding the effec­
tiveness of cloud-seeding operations. The pur­
pose of statistical analysis is to help the ex­
perimenter in his investigations by providing 
more precise quantitative data in place of rela­
tively vague qualitative information; by suggest­
ing different methods of analyzing the data in 
an effort to detect the important factors; by 
studying the data to separate the relevant and 
significant information from the irrelevant and 
random fluctuations; and by assisting in the de­
sign of seeding experiments to provide a basis 

for future analysis.
The objectives of weather modification 

studies are, first, to understand the physical 
processes in the clouds which culminate in 
precipitation; second, to assess the effects of 
experimental programs on the weather; and 
third, to identify those atmospheric conditions 
under which modification efforts are most likely 
to be successful. The analyses of these experi­
ments are complicated by many problems. For 
example, in planning a seeding experiment, it 
is important to avoid confusing (or "confound­
ing") the effect of seeding with the ordinary 
daily variation in precipitation patterns. By work­
ing with the experimenter in planning the seed­
ing schedules, the statistician can help generate 
an experiment that will minimize or eliminate 
such unwanted complications of the data. Other 
aspects of the statistician's role in such experi­
mentation include selecting the size of the ex­
perimental program that is necessary to dis­
cover a specified effect; allocating the available 
time between seeding and nonseeding periods 
in order to provide comparative "benchmark" 
data; and selecting the relevant atmospheric 
variables (such as temperature profiles, wind 
velocities, pressure conditions, weather activity 
in surrounding areas or on previous days, etc.) 
that should be monitored in order to determine 
their interaction with the seeding effects.

11



Business and 
Economics

12 Conglomerates: Economic Conduct and Per­
formance. Dr. R. G. Walsh and Dr. A. G. Mad­
sen have made an evaluation of the behavior 
and performance of conglomerate enterprises. 
The practices used by these firms to promote 
good will and encourage the public to purchase 
stock are reminiscent of those which led to seri­
ous problems in the past. Reciprocal trading 
among conglomerates leads to practices that 
seriously restrict the operation of the competi­
tive system. The use of the "long purse" in mar­
ket subsidization can also cause adverse re­
sults to small efficient competitors.

The economic performance of conglomer­
ates has not been all positive. The largest 200 
conglomerates appear to have had a negative 
effect on the growth of the economy. The high 
profits sustained by conglomerates is not con­
sistent with the expected lowering of price from 
decrease of risk. Considerable evidence shows 
that nonprice competition has replaced much 
price competition and that advertising has re­
placed product innovation that might otherwise 
be encouraged.

Contingent Liability on Time Payment Contracts 
for Large Equipment Dealers. Implement dealers, 
automobile dealers, mobile home dealers, and 
appliance dealers sell merchandise essentially 
on long-term (as distinguished from open ac­
count) contracts, both single-payment and in­
stallment, which are turned over to banks, fi­
nance companies, and other financial institu­
tions with the dealers as effective cosigners with 
the customers. The accounting procedures that 
reflect the amount of this contingent liability 
are believed to be generally inadequate. This 
inadequacy represents a significant lack of per­
tinent information for management and other 
parties.

Professor Paul Spencer of the College of 
Business is conducting a study on this problem. 
His basic methodology is direct person-to-person 
inquiry of dealers in Larimer County. He has 
set out to determine thoroughly the procedures 
now used, to find better procedures if possible, 
to find the information being provided by the 
financial institutions to dealers, and to determine 
the significance of this information.

Economic Development and Human Capital 
Formation. Research on the long-term eco­
nomic development of nations indicates that less 
than 50 percent of output growth is explained 
by changes in quantities of conventional produc­
tion factors (capital and labor). Substantial ef­
forts have been devoted in recent years toward 
developing a concept of human capital as well 
as analysis of its quantitative characteristics, par­
ticularly in relation to social and economic de­
velopment, educational planning, and economic 
growth.

Dr. Ronald A. Wykstra of the Economics 
Department reported in a recent issue of the 
Journal of Developing Areas that is is necessary 
to recognize that educational economic plan­
ning is the genesis of manpower and human 
capital development. There are several reasons 
for the relative importance of human capital 
and educational planning as a pipeline system. 
First, lead-time requirements in the production 
of human capital are lengthy, perhaps longer 
than all but the rarest physical capital investment 
options elected. In addition, human capital pro­
duction lacks the permanency of most physical 
capital assets, which tend to exhibit some short- 
run immobility. Third, given adequate resources, 
it may be relatively easier to acquire techno­
logically endowed physical capital than it is to 
"borrow" a similar degree of embodied mod­
ernism in human capital. Fourth, human capital 
development through education possess spill­
over qualities that have sociocultural qualities 
of potential extension far beyond effects in GNP. 
The innate reaction capability of human capital 
is one type of externality that can be channeled 
in directions favorable or unfavorable to future 
development. Finally, tolerance for error is less 
in the case of human capital production and de­
velopment than is true in the case of physical 
capital. Physical capital assets may be antiquated 
in terms of modern industrialized society and 
nevertheless make significant interim contribu­
tions to productivity. That this is less true in 
the case of human capital needs little elabora­
tion.

Areas of ignorance in human resource eco­
nomics investigated include: the extent of sub­
stitution between human capital and physical 
capital and intrahuman capital substitution as 
well; possible supply-demand interdependencies 
for educated manpower; the efficiency issues 
surrounding general or specific training, as cur-



13rently illustrated by the academic vs agricultural 
training debate; the interplay of ability, educa­
tion, and health and welfare; sociological, cul­
tural, and economic determinants and comple­
ments of increased human resource productivity; 
and problems centered around the coincidence 
or noncoincidence of private and social human 
capital development needs.

Economics of Hunting and Fishing in Colorado. 
A study, entitled "The Economic Impact of Hunt­
ing and Fishing in Colorado," was completed 
during June 1970 by D. D. Rohdy, Professor of 
Economics, and R. E. Lovegrove, Graduate Re­
search Assistant. The study was funded by the 
Colorado Division of Came, Fish and Parks. Also, 
Colorado State University personnel involved 
with extension activities in the Department of 
Economics and in Grand County contributed to 
the study by assisting with the collection of data 
and dissemination of results.

The purpose of this study was to determine 
both the primary and secondary economic ef­
fects on a local economy in Colorado of sports­
man expenditures for hunting and fishing. Prim­
ary economic effects are the original expendi­
tures made by sportsmen. Secondary economic 
effects are the sum of all additional economic 
effects resulting from the original expenditures. 
For example, when a fisherman eats at a local 
restaurant and spends a night in a motel, his 
expenditures are called primary. However, the 
restaurant and the motel managers must make 
certain purchases in order to provide these goods 
and services to the fisherman; it is these addi­
tional purchases for labor, food, electricity, gas, 
etc., that make up the secondary economic ef­
fects.

Because of the expense involved in secur­
ing the kinds of information needed for an im­
pact analysis, the study was limited to only one 
county. Grand County was chosen for two rea­
sons: the county has at least average quality 
hunting and fishing, and additional research was 
already underway in the county that could com­
plement this study.

The analytical framework for this study con­
tained three basic parts. The first was a model 
of the Grand County economy; the second was 
estimation of hunting and fishing expenditures 
by sportsmen in Grand County; and the third 
involved the use of the model of the county's 

economy to determine the secondary economic 
effects of the hunting and fishing expenditures. 
The objective of the study required the use of 
an analytical method that would permit the 
measurement of secondary economic effects. The 
method chosen was interindustry or input-output 
analysis.

The results of the study indicate that ap­
proximately $400,000 was spent in Grand County 
by hunters during 1968. Also, it was estimated 
that fishermen spent an additional $2,600,000. 
The total amount of economic activity generated 
by this $3,000,000, including household income 
effects, was estimated to be $5,950,000. This 
amount represents about 12 percent of the total 
economic activity of approximately $50,000,000 
in Grand County during 1968.

Economics of the Sugar Beet Industry. The Colo­
rado sugar beet grower seldom realizes that an 
increase in the consumption of cane sugar in 
tropical and semitropical regions of the world 
could result in a higher acreage allotment (or 
proportionate share, in the language of the Sugar 
Act) for him. Analysis of changes in international 
demand was one objective of a cooperative re­
search project, conducted by C. Richard Creek 
of the Department of Economics, of cane and 
beet sugar producing states plus Puerto Rico.

The study of demand indicated a probable 
increase in consumption in the developing na­
tions in the tropical climate zones. This would 
mean fewer tons of cane sugar available for ex­
port to the U.S., hence an increase in the pro­
portionate share for the U.S. sugar beet growers 
and mainland sugar cane growers. Puerto Rico 
has considerably less acreage of cane than in 
1960 and Hawaiian plantations have almost 
reached the limit of land suitable for sugar cane. 
Residential and industrial construction are com­
peting for limited acreage in the Islands.

In the mainland sugar beet areas the analy­
sis of response in acres planted to an increase 
in price per ton varied from state to state. 
Processing capacity of the beet sugar factories 
was a limiting measure in the acreage contracted 
in many areas. Competition from other crops 
that require less intensive labor or less costly 
mechanization has been a factor in the response 
of growers.

Sugar beets at present cost-price relation­
ships with other crops are still the most profit­
able crop. But the amount of capital required



14 for production on a large scale with mechanical 
equipment poses a management decision. Many 
older growers do not take the risk of high ma­
chinery investment and turn to growing corn for 
grain and silage on a contract basis with nearby 
commercial cattle feedlots. The farmer performs 
the production activities while the feedlot owner 
harvests and hauls the chopped corn to the feed­
lot.

Some former beet growers now produce 
potatoes on a contract for processing plants and 
potato chip companies. Alfalfa dehydrators add 
to the alternatives available to the farmers with 
contracts. In most cases the grower has an op­
portunity to grow a crop under some type of 
contractural arrangement that reduces the risk 
of price changes for the product, as was true 
of sugar beets.

In Colorado the response of growers in acre­
age planted in 1969 was 205,000 acres, or 14 
percent more than in 1967, for about a $2 per 
ton increase in contract price. After the dis­
astrous harvest season of 1969 many growers 
discontinued sugar beets. The indicated acreage 
for Colorado in 1970 was 166,000 acres, or 81 
percent of the previous year. Alternative crops 
became more attractive to those growers who 
could shift acreage.

Sugar beet production has been shifting in 
eastern Colorado from the smaller acreages per 
farm in the irrigated river valleys to the much 
larger acreages on farms in the high plains coun­
ties. Deep wells, high capacity pumps, and 
rotating sprinklers have changed the use of land 
from dryland wheat to irrigated intensive row 
crops, including corn, field beans, and potatoes 
as well as sugar beets. This shift in land use 
has occurred on the eastern border from Phillips 
south to Baca county.

A modern high-capacity sugar factory has 
operated for two years at Goodland, Kansas to 
process beets from these larger farms in Colo­
rado and Kansas. Crowers in those counties ex­
panded their planted acreage beyond the fac­
tory capacity in 1969. Many carloads of beets 
were hauled to other factories in the South Platte 
Valley, some as far as the Denver area, at con­
siderable cost to both the growers and the sugar 
company.

These shifts and expansions in acreage indi­
cate that many younger, industrious, innovative, 
and capable farm operators have the manage­
ment skills and credit rating to use modern tech­

nology and nonfarm sources of capital for a 
highly profitable farm operation.

Interjurisdictional Cooperation in the Control of 
Collective Violence on Campuses. Dr. Douglas 
Benton of the College of Business is developing 
model procedures and organizations for inter­
jurisdictional cooperation between criminal jus­
tice agencies in the control of collective disorder 
and violence on campuses. The development of 
a model is meant to be a feasibility study and 
a step toward further (nationwide) development. 
The study will define some of the obstacles con­
fronting law enforcement agencies and make 
recommendations on the resolution of these ob­
stacles.

The field of management theory and prac­
tice provides an analytical framework for the 
resolution of problems and obstacles in inter­
jurisdictional cooperation among law enforce­
ment agencies. Both classical and behavioral 
theories of organization will be examined in de­
veloping model procedures.

Corollary to the main objective of the study 
are several others including the application of 
management theory and practice: to identify 
the problems of law enforcement administration 
and organization on our campuses and in sur­
rounding communities; to identify the means 
by which various law enforcement agencies can 
be managerially integrated to control collective 
campus violence; to determine if basic manage­
ment principles, such as unity of command and 
span of control, are being utilized in the man­
agement and organization of the respective law 
enforcement units; to determine, in general, 
what improvements can be made and, in par­
ticular, what deficiencies (if any) exist in the 
present organizational structures on campus se­
curity units; to determine if these law enforce­
ment units have plans of action for the contin­
gencies of collective campus violence; to deter­
mine what other managerial steps can be taken 
to diminish the impact of collective campus vio­
lence; and to make recommendations to improve 
the management, organization, and mobilization 
capabilities of these law enforcement agencies.

Thus, the major goals of this study are to 
conduct managerial research and begin to pre­
pare law enforcement agencies to the point that 
the impact of violent disorder is diminished on 
campus and in surrounding communities.



15Legitimate Marketing Theory and the Traffic in 
Stolen Goods. Dr. Ted Roselius of the College 
of Business is investigating the potential bene­
fits of using legitimate marketing theory as a 
tool for studying the traffic in stolen and illegal 
merchandise. The study will serve as the foun­
dation for design of specific methods for reduc­
ing the traffic in stolen goods.

Persons faced with the disposal of stolen 
or illegal merchandise must do so under time, 
cost, and risk constraints. Thus, they must solve 
many of the same major problems faced by 
legitimate sellers. These problems are not trivial 
ones—it requires abundant resources and great 
effort for a legitimate seller to distribute a truck­
load of cigarettes, a shipment of clothing, a tray 
of jewelry, etc.

There is an established and extensive body 
of marketing knowledge which guides legitimate 
sellers when they design systems for the dis­
tribution of goods. This theory of marketing 
states rather precisely the functions and activities 
which must be performed if any type of goods 
is to be distributed. This formal marketing 
theory has been proved sound enuogh and flex­
ible enough to be applicable in underdeveloped 
and foreign markets, as well as in the market 
for a wide variety of industrial and consumer 
products in the United States.

Since legitimate and illegal distributors both 
face many of the same problems, it is believed 
that dealers in stolen goods are likely to apply 
many of the same principles of marketing used 
successfully by legitimate dealers. If they do 
in fact solve problems in the same ways, then 
conventional marketing theory can provide much 
insight into the traffic in stolen goods.

Two specific problems are addressed by 
this research. First, a major problem in deterring 
professional thievery of goods is the belief that 
dealing with stolen goods is a reasonably profit­
able venture. Second, a major problem in trac­
ing stolen goods is that of linking together the 
random pieces of evidence related to a par­
ticular case.

Law enforcement agencies have a real need 
for a more complete understanding of the traf­
fic in stolen merchandise. Legitimate marketing 
theory provides a systematic way of studying 
the distribution of stolen goods and for general­
izing the findings.

New Forest Products for Colorado. Researchers 
in the Department of Forest and Wood Sciences 
have been determining the characteristics of 
particleboard manufactured from Engelmann 
spruce and lodgepole pine. These two species 
can provide a source of raw material from pres­
ently little-used slabs, edgings, trim, sawdust, 
and shavings now being produced in the state. 
Results show that no technical problems should 
arise in using these materials. Their light color, 
relatively low density, and ease of furnish prep­
aration are desirable attributes of these species.

Since 1967, information has been collected 
from over one thousand study panels. These 
panels have provided a basis for assessing the 
effects of species, particle size, press time, mois­
ture content of furnish, and resin content on 
heat transfer, moisture permeability, density 
gradient, and springback characteristics.

To study the heat movement in the panels, 
temperature-sensing elements were embedded 
in the furnish as the loose particle mat was form­
ed prior to pressing and curing the resin. The 
exact locations of the elements had to be de­
termined after completing the process. Further, 
it was important to know the density gradient

Density gradients in particleboard shown by 
X-ray absorption patterns.
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16 through the cross section at several locations. 
An X-ray technique was employed to provide 
the needed information. Three cross sections 
cut from eight different panels are shown in 
the accompanying photograph. The panels rep­
resent three levels of moisture content of the 
raw material (5, 9, and 12 percent) and three 
levels of panel density (30, 40, and 50 lb/ft3). At 
the bottom of the photograph is a calibration 
wedge, made from a casting resin, to permit 
determination of particleboard densities by com­
parison with known values. This technique ac­
curately located the temperature-sensing ele­
ments, and also dramatically illustrated the vari­
ation which exists in the panel density profiles. 
The dark to light areas illustrate low to high 
density zones for which specific values can be 
accurately measured from the X-ray film by us­
ing a pinpoint photodensitometer.

Heat transfer characteristics were observed 
through time-temperature relationships which 
were recorded simultaneously from nine loca­
tions in particleboard panels during hot press­
ing. Results indicate that temperature rise in 
the interior of the panel was regulated by the 
flow of water vapor through the porous struc­
ture of the board. Flow in the direction normal 
to the surface early in the press cycle accelerated 
the temperature rise, while that in the lateral 
direction later in the press cycle retarded tem­
perature rise by consuming thermal energy as 
heat of vaporization.

This research was conducted in the Wood 
Utilization Laboratory by Michael E. Bowen, who 
earned his Ph.D. degree under the direction of 
Harry E. Troxell, Professor of Wood Science and 
Technology, and R. D. Haberstroh, Professor of 
Mechanical Engineering.

Amino Acid Utilization as Affected by Vitamins. 
It is generally acknowledged that most nutritional 
deficits do not occur as clear-cut entities, but 
rather as multiple deficiencies. The interactions 
among deficiencies of different nutrients are 
therefore of considerable current interest. Dr. 
Inez Harrill of the Food Science and Nutrition 
Department has been participating in a Western 
Regional Research Project on the interaction 
between vitamins and amino acid metabolism. 
Dr. Harrill's work during the last year has in­
volved the effects of vitamins A and E on 
phenylalanine metabolism.

Current interest in phenylalanine metabol­
ism is related to the inborn error of metabolism, 
phenylketonuria, or PKU. This condition results 
from a failure to hydroxylate phenylalanine to 
tyrosine and is characterized, if untreated, by high 
plasma levels of phenylalanine and irreversible 
mental changes. Treatment consists of early 
identification and dietary restriction of phenyla­
lanine.

The interaction of vitamins with phenyla­
lanine metabolism is of obvious interest. The 
influence of dietary phenylalanine, vitamin A, 
and vitamin E on plasma phenylalanine concen­
trations, hepatic phenylalanine hydroxylase, and 
brain serotonin levels was studied in rats. Vita­
min E did not significantly affect any of the fac­
tors determined for animals fed either a basal 
diet or one supplemented with phenylalanine. 
Expressed in terms of body weight, hepatic 
phenylalanine hydroxylase activity was significant­
ly decreased when vitamin A was omitted from 
the diet. Since specific activity of the enzyme 
was not affected by vitamin A, the effect of the 
vitamin on activity of phenylalanine hydroxylase 
apparently was mediated through protein, sug­
gesting that vitamin A is needed for synthesis of 
the protein component of the enzyme system. 
Further work is needed to clarify the specific ef­
fect of vitamin A on the hydoxylase system and 
to determine whether these factors can be utiliz­
ed in a practical manner to change values of 
plasma phenylalanine.

Bluetongue Disease of Cattle and Sheep. The 
development and improvement of vaccines to 
control infectious diseases is a never-ending 
process. The work and responsibilities of sci­
entists do not stop with the introduction of a



vaccine for use by the medical professions. Con­
sequently, Drs. T. L. Chow and Alfred Strating, 
Department of Microbiology, have been study­
ing the safety and efficacy of two commercial 
vaccines that are available in the United States 
for immunization of sheep against bluetongue 
disease. Bluetongue has been a continuing prob­
lem in sheep in Colorado and other western 
states since 1952. The disease condition leads 
to weight loss, weakness, lameness, decreased 
wool production, and sometimes death. The 
indirect economic loss in surviving animals is 
greater than the actual death loss. In recent 
years bluetongue also has been recognized as 
a significant disease problem in cattle. The dis­
ease is not transmitted by direct contact between 
animals, but through the bites of insects, par­
ticularly flies or gnats.

Control of bluetongue disease in sheep has 
been accomplished through the use of live virus 
vaccines and measures aimed at eliminating the 
insect vectors. However, elimination of the vec­
tors, especially in range sheep, is often imprac­
tical or impossible.

The two vaccines now in use to control 
bluetongue in sheep are produced by two dif­
ferent methods. One (designated vaccine A) is 
produced by growing the modified virus in em- 
bryonating chicken eggs, while the other vac­
cine (vaccine B) is grown in animal tissue cul­
ture. In testing the vaccines it was found that 
vaccine A apparently has not been weakened in 
the laboratory to the same extent as vaccine B. 
Therefore, it has retained more of its original 
capacity to produce disease syndromes in sus­
ceptible animals. Under controlled experimental 
conditions vaccine A inoculated into sheep usu­
ally produced fever and a decrease in white 
blood cell count. When vaccination was done 
during periods of stress, including exposure of 
animals to intense sunlight, both vaccines A and 
B produced ulcers around the muzzle, a syn­
drome associated with bluetongue disease as it 
occurs in field outbreaks.

Vaccination of cattle with the live blue­
tongue virus vaccine was attempted for the first 
time. The results of the experiments showed that 
the response of cattle to the vaccine was similar 
to that of sheep, both in terms of the reaction 
to the vaccine and the amount of antibody pro­
duced against the virus. These preliminary studies 
indicate that, if needed, the presently available 
vaccines used to control bluetongue in sheep 

could also be used in cattle.
The researchers also found that after in­

oculation of vaccine A the vaccine virus was 
found to be present in the blood of both sheep 
and cattle. Inoculated animals could serve as 
a source of transmission of the virus to unvac­
cinated animals by the natural vectors of the 
disease simply by establishing new foci of infec­
tions. This condition does not appear to be 
a problem when animals are given vaccine B, 
since only small amounts of virus could be 
detected in the blood stream following vaccina­
tion.

A virus was isolated from naturally occurring 
cases of bluetongue in cattle in Colorado and 
from diseased sheep in Utah. The virus prepara­
tion was then inoculated into sheep that had 
been vaccinated. The vaccinated sheep were 
not protected against attack by the virus. The 
results indicate the need to incorporate new 
virus strains into the present vaccines to insure 
protection against all bluetongue disease in the 
field. The work reported above is another ex­
ample of unbiased university research leading 
to improvement of products already available 
to the consumer.

Centaurea Weeds and Horses' Brains. For many 
years, horse owners and practicing veterinarians 
in northern California have been familiar with 
a disease of horses known colloquially as "chew­
ing disease." Occasionally the condition has 
been seen in other Pacific coastal areas. The 
disease is a rather characteristic one in its clinical 
expression and most affected horses suddenly 
show signs without prior warning. The mouth 
is held partially open; feed cannot be grasped 
effectively by the mouth or properly chewed, 
and the horse is often unable to drink except 
by deeply submerging the muzzle and nose in 
a bucket.

The occurrence of "chewing disease" was 
associated, at first circumstantially, with access 
to the plant Yellow Starthistle (Centaurea sol- 
stitialis L.). Later, in 1954, Dr. D. R. Cordy of 
the University of California restricted three 
horses experimentally to a diet consisting solely 
of freshly cut Yellow Starthistle, and produced 
the disease in them in 33, 61, and 81 days.

More recently, the disease has been posi­
tively identified by its characteristic clinical fea­
tures and specific brain lesions in horses in 
western Colorado. There is evidence that at
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18 least 26 horses have been affected on six ranches 
in our region in the past ten years. In that area, 
however, Yellow Starthistle was not found to 
be a common weed, if it occurs there at all. 
On the other hand, Russian knapweed (Centaurea 
repens L.) was abundant on these ranches and 
had been actively grazed by horses that sub­
sequently became affected.

Russian knapweed, Centaurea repens.

Destructive changes in the substantia nigra of 
a horse caused by ingestion of Russian knap­
weed.

This disease is now under study at Colo­
rado State University by Drs. Stuart Young, Wil­
liam Brown, and F. H. Chow of the Department 
of Pathology, and Professor Bruno Klinger of the 
Department of Botany. In a feeding trial, freshly 
cut Russian knapweed was fed as the principal 

component of the diet of three horses; all these 
animals developed characteristic signs of the 
disease in 28, 28, and 35 days respectively.

Russian knapweed, like Yellow Starthistle, 
is a member of the plant family Compositae and 
was introduced into North America from Europe. 
It is a bushy, branching, perennial plant that 
grows abundantly in dry, wasteland areas, par­
ticularly along ditches and fence lines. Dis­
tributed by seeds or achenes, the weed becomes 
locally established in patches that increase in 
size annually by the development of a system 
of root stalks. In midsummer, the flower of Rus­
sian knapweed is pink to purple in color, differ­
ing from the yellow flower of Starthistle and 
lacking the latter's characteristic spiny thorns. 
Although not apparently palatable to horses, 
it may be eaten when other forage is in short 
supply; and, once accustomed to eating it, horses 
may lose their distaste for it.

The characteristic and rather dramatic clin­
ical signs of the disease are attributable to the 
presence of very specific and destructive changes 
or lesions that occur in certain centers of the 
horse's brain stem. The nerve cells and sup­
porting tissues of these centers are selectively 
killed, and their place is taken by an accumula­
tion of cellular debris that soon becomes lique­
fied to leave a sharply circumscribed cyst. The 
process is remarkable in that it consistently oc­
curs in two paired centers called substantia nigra 
and globus pallidus. The lesions may exist in 
one or both of these areas and may be unilateral 
or bilateral in either of them. As a result of this 
highly selective involvement of these centers, 
“chewing disease" is known to veterinary path­
ologists more accurately as nigropallidal en- 
cephalomalacia.

The importance of the disease lies in more 
than just the hazard that it represents to horses 
and the economic loss to horse owners. The 
peculiar capacity of Centaurea weeds to produce 
such selective effects on brain stem centers has 
significance in the broader context of the neuro­
logical sciences. In medical neuropathology, the 
problem of selective vulnerability to injury of 
certain parts of the brain has been the subject 
of intensive study for almost a century. Similar 
destructive changes occur selectively in various 
centers of the human brain in a variety of specific 
diseases for which, in the main, no cause is 
known.



The active principal component of Cen- 
taurea weeds that causes nigropallidal encepha- 
lomalacia in horses remains unknown. The 
mechanism that accounts for its selective effects 
on substantia nigra and globus pallidus is pres­
ently under study. Present information does not 
suggest that the plant has delayed or cumulative 
effects, but there is some indication that prior 
exposure of horses to subcritical "doses" of the 
plant may endow them with some protection 
against later critical doses. An elucidation of 
the nature of the plant's active principal ingredi­
ent, and of the way in which it produces its 
destructive effects, may have significance for the 
general problem of factors responsible for the 
selective vulnerability to injury of centers of the 
human brain.

Dietary Fat and Cholesterol. Age, sex, and 
dietary fat are the experimental variables in 
studies of cholesterol metabolism in rats being 
conducted by Jacqueline Dupont and Melvin M. 
Mathias in the Department of Food Science and 
Nutrition. These three aspects of life can be 
exposed to experimental manipulation in the 
rat as a model for man.

As the U.S. male ages he becomes highly 
susceptible to atherosclerosis, and diet seems to 
be a contributory factor. Measurements of many 
aspects of cholesterol and fatty acid metabolism 
are being made on rats fed a diet like man's 
or one modified in fat content. The rats are fed 
these diets for months (which correspond to 
many years in man) and measurements are made 
at intervals into old age. Blood lipids are studied 
and their relationships to metabolism in liver, 
heart, and other tissues are explored. Heart, 
lungs, and arteries are perused with the light 
and electron microscope to find minute changes 
in their structure which might give clues to de­
terioration related to diet.

Changes in organ structure will be related 
to diet and lipid metabolism measurements made 
on rats of different ages. It may be possible to 
find a measure which can be made early in life 
that will predict undesirable structural changes 
which may occur in old age.

In the search for clues to unfavorable de­
velopment changes in lipid metabolism it is 
necessary to explore basic aspects of the use 
of fat as body fuel. The saturated fatty acids of 
animal fats are used differently from polyunsatur­
ated fatty acids in oils. The difference is clearly 

shown by the finding in this laboratory that poly­
unsaturated fatty acids do not cause ketosis while 
saturated fatty acids do. Ketosis is a defect re­
sulting from inability to use fat for energy rapidly 
enough to meet the body's needs.

Drs. Mathias and Dupont have discovered 
a basic difference in pathways of oxidation of 
these two kinds of fatty acids. Unsaturated fatty 
acids appear to be oxidized in such a way that 
three-carbon rather two-carbon fragments are 
produced. Such three-carbon fragments are glu­
coneogenic, i.e., they are convertible into glu­
cose, and this observation may explain the anti- 
ketonemic properties of unsaturated fatty acids. 
The question of net synthesis of carbohydrates 
from fat has been debated many years. It ap­
pears possible that the answer to the question 
may depend on the particular type of fatty acid 
that is involved.

Mammalian Studies in Biomechanics. Detailed 
studies of mammalian cardiovascular biomechan­
ics are being conducted by mechanical engineers 
in liaison with physiologists and biophysicists. It 
is extremely important to discover causes and 
cures of cardiovascular disease, since the normal 
functioning of the heart and blood vessels is 
germane to the maintenance of human life. 
Often cardiovascular disease can be traced to 
mechanical dysfunction of tissue and can be 
mitigated by mechanical therapy, such as im­
planted assist devices or artificial tissue.

Measuring blood pressure and flow characteris­
tics in an excised canine aorta.

Dr. Ronald Wemple developed a mathe­
matical model of the aorta and associated vas­
culature to aid in the assessment of cardiac assist
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20 devices, such as the intra-aortic balloon or the 
left heart bypass. His research indicates that the 
balloon offers the most effective assist to a dam­
aged heart if the periodic inflation and deflation 
of the balloon are phased properly using an 
electrocardiogram. Dr. Michael Histand is ex­
amining the details of blood flow in the aortic 
arch to determine pressure and flow effects 
caused by the curved trajectory of the blood. 
Resulting cross-sectional pressure gradients may 
augment cerebral perfusion pressures. Mental 
incapacity associated with advancing age is often 
traced to attentuated blood flow to the brain, 
and new ways to increase brain blood flow are 
being sought to alleviate this difficulty.

Additional efforts in biomechanics include 
Dr. Addison Hardee's study of morphological 
differences in human spermatozoa in an effort 
to differentiate male- and female-producing 
gametes. Dr. Knox Millsaps is investigating 
mathematically the glucose regulatory system to 
explain more satisfactorily the glucose-insulin 
balance.

The efforts in biomechanics will be intensi­
fied next year by the addition of Dr. Lawrence 
Hooks and Dr. Terry Vander Werff to the Me­
chanical Engineering and Physiology and Bio­
physics faculties.

National Speech and Hearing Survey. The col­
lection of speech and hearing data on a modi­
fied random sample of 38,884 public school chil­
dren was completed in June 1969. The sample 
consisted of approximately 3,200 subjects from 
each of the grades 1-12. Subsequently, several 
phases of data analysis were initiated. A number 
of these preliminary analyses have yielded re­
sults that indicate trends regarding the quality 
of speech and hearing performance levels among 
the school-age population.

Preliminary results of the subjective rating 
of connected speech patterns indicate that about 
two percent of the subjects tested deviated ex­
tremely from a predetermined standard of 
speech articulatory performance; about three 
percent of the subjects manifested extreme voice 
deviations; and less than one percent were 
judged to be stutterers. As expected, the results 
reveal that the prevalence of all categories of 
judged speech deviations was greater for males 
than for females. Further, there is strong evi­
dence that speech performance in general im­
proves markedly from the first to the third grade. 

Beyond grade three, the rate of improvement is 
reduced measurably at each advancing grade 
level.

Results of the hearing evaluations show that 
about 89 percent of the subjects exhibited bi­
lateral superior hearing sensitivity (0-20 dB, ISO- 
1964) for all five pure tones tested. Thus, ap­
proximately 11 percent of the subjects deviated 
from the 0-20 dB criterion. Except for the first 
grade, a slightly higher percentage of females, 
as opposed to males, was found in the bilateral 
superior hearing group.

In addition to the phonemic analysis, which 
is now in progress, two newly developed 
analytical techniques are being used to describe 
the data. One of these is a linguistic analysis 
that will investigate the phenomic production 
differences between males and females, age 
levels, and speech dialect regions. The other 
technique employs a computer-programmed 
analysis of several physical characteristics of 
selected vowel phonemes uttered by the sub­
jects.

Forrest M. Hull, Professor of Speech Path­
ology, is the project director.

Physiological Mechanisms of Brain Functions. 
During the past year a research project con­
cerned with thermo-regulation, under the direc­
tion of Dr. David D. Avery, has been underway 
in the Physiological Psychology Laboratory in the 
Department of Psychology at Colorado State 
University. One of the least understood regula­
tory systems in man is temperature control, par­
ticularly stability under varying environmental 
conditions. Thus, the project is centered around 
inquiries of the ways in which chemicals located 
in specific brain structures control both physio­
logical and behavioral aspects of this normal 
regulation of internal body temperature.

A relatively new technique that allows for 
repeated administrations of minute amounts of 
chemical substances to specific sites in the brains 
of laboratory rats is being utilized in these in­
vestigations. First, a multiple tube system is con­
structed from hypodermic needles. This cannula 
is then lowered to the desired brain location and 
fixed in place on the animal's skull with dental 
cement. After recovery from surgery, small 
amounts of chemical solution are injected into 
the brain via the hypodermic tubing.

It has been shown that increasing the 
amount of one class of chemicals normally found
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in the brain causes temperature to rise, whereas 
injections of another similar class of substances 
lower body temperature. Furthermore, injections 
of these same substances differentially affect the 
animal's daily food and water intake.

Another series of investigations centers 
around the administration of these same chem­
icals and concommitant observations of the ani­
mal's behavior in a "heat escape" chamber. In 
this type of experiment, animals are first taught 
to turn off an overhead heat lamp by pressing 
a bar in order to reduce uncomfortable heat 
stress. After the behavior has been well learn­
ed, chemicals known to alter body temperature 
are injected into the brain. It has been found 
that following such injections animals will com­
pensate behaviorally for the change in their body 
temperature; for example, if the centrally ap­
plied substance raises body temperature, then 
the animals turn off the heat lamp at a greater 
rate, indicating that they "feel" warmer.

Recently, a project has been initiated to 
investigate the ways in which aspirin reduces 
fever. First a substance that is known to produce 
fever is injected into the body cavity and then 
a very small volume of aspirin solution is ap­
plied to the brain area shown in the earlier 
studies to be involved in temperature regulation. 
Preliminary findings from this project indicate 
that this area of the brain is in fact a site at 
which aspirin acts to prevent or reduce fever. 
Other studies are being designed to determine 
how the aspirin exerts its influence. It is sus­
pected that salicylates in general interact in some 
way with the normal brain chemicals to block 
the fever-inducing effect. Further experiments 
are being planned to determine the effects of 
aspirin on food and water intake and behavioral 
thermoregulation, and to determine the central 
site for analgesic action.

It is hoped that these experiments will con­
tribute to our understanding of how the brain 
works to control regulatory systems in general 
and in particular how the mechanisms underly­
ing thermoregulation operate. We also hope to 
better understand the ways in which the most 
commonly used drug, aspirin, exerts its influ­
ence in relieving man of fever and pain.

Accountability for Instruction. Problems of stu­
dent unrest, lack of motivation, use of drugs, 
disinterest in education, and communication fail­
ures (in the school and home) assail the public 
school. Furthermore, schools find themselves 
unable to meet the promises implied in their 
objectives. One promise of the school is that 
students will learn to read; another is that many 
students will possess sufficient knowledge and 
skills to hold a job. Still another promise is to 
prepare youth to support a rational way of life. 
There is mounting evidence that these and other 
promises of public education are not being ful­
filled.

So great is the national concern for the ef­
fectiveness and quality of American education 
that a National Assessment of Educational Prog­
ress program has been initiated by the Educa­
tion Commission of the States.

It has been suggested that if the objectives 
of education are stated in behavioral terms, com­
munication among students, educators, and par­
ents would be greatly repaired. In addition, 
assessment of the achievement of educational 
objectives could be more effectively made. This 
project builds on previous efforts of psycholo­
gists and educators; its new contribution is the 
conversion of an analysis of a job, occupation, 
or profession into performance statements clearly 
recognizable and measurable by students and 
educators. The result is that schools through 
educators can become more accountable than 
in the past for the objectives of education.

In cooperation with the Research and De­
velopment unit of McGraw-Hill Book Company, 
Harry Huffman, Professor of Vocational Educa­
tion, built a preliminary systems model for pro­
ducing performance statements for educational 
objectives. The model was given to nationally 
known educational authorities in the fields of 
agriculture, home economics, health, distribu­
tion, technology, office procedures, and industry, 
each of whom prepared five prototypes. The 35 
resulting prototypes were analyzed to produce 
a comprehensive systems model. For an analysis 
in any job area, the systems model can produce 
a factorial 12 of performance statements if de­
sired, since 12 conditions are typically found in 
the analysis. Normally only 15 or 20 statements 
are needed to develop a unit of instruction. The 
model has already been tried with 90 Colorado 
vocational teachers who have prepared perform­
ance statements for their specialties.

21



22 Schools and colleges that have produced 
performance statements for their courses have 
observed three advantages: they permit any stu­
dent to select the material or instructional con­
tent he needs on the basis of his present know­
ledge and skill for learning each new topic; they 
permit educational objectives and tests or ex­
aminations to be precisely correlated; and they 
permit the development of well-defined short 
learning sequences and curricula, and identifi­
able conditions of learning, as well as clearly 
defined relevant goals, opportunities to achieve, 
and unambiguous evaluations stated in perform­
ance terms.

Cooperative Mathematics Program. With the 
increased emphasis on students beginning their 
college career at the two-year college, the prob­
lems of the transfer student at CSU have become 
more acute. In order to find some solutions to 
these problems, CSU and five Colorado two- 
year colleges (Arapahoe, Mesa, Northeastern, 
Otero, and Trinidad) initiated a Cooperative 
Mathematics Improvement Program with a two­
fold purpose: to bring university and two-year 
college mathematicians together to discuss cur­
ricular and other common problems, and to pro­
vide additional subject matter course work for 
two-year college staff members by means of 
summer institutes and academic year courses via 
video tape.

The program has been given financial sup­
port by the National Science Foundation for a 
period of three years under the Cooperative 
Science Improvement Project program. The cur­
ricular part of the program is to consist of an 
initial conference at Mesa College plus two one- 
to-two day conferences each year for the next 
three years.

The first meeting was held at Mesa College 
in August 1969, at which time the curricula at 
some of the schools were discussed, and two 
guest lecturers explained the recommendations 
made by the Committee on the Undergraduate 
Program in Mathematics (CUPM). Two more 
meetings were held during the year. The first 
was devoted to finishing the discussion of the 
curricula as they presently exist. In addition, the 
future of technical mathematics in the two-year 
college was considered by the Director of the 
Franklin Institute in Boston, Louis J. Dunham, Jr. 
The topic of the second conference was the 

Importance of Linear Algebra and Its Applica­
tions in the Two-Year Curriculum, with the 
speaker being Dr. Ben Noble of the University 
of Wisconsin.

The topics to be discussed at future con­
ferences are:

1. The role of statistics in the two-year col­
lege curriculum.
Lecturer: Dr. Franklin Graybill of Colo­
rado State University.

2. The role of the computer in the two-year 
college curriculum.

3. Teaching of calculus.
Lecturer: Dr. William Fuller of Purdue 
University.

4. Panel discussion involving several stu­
dents, who have transferred from the 
five two-year colleges in this program, 
attending Colorado State University at 
the time.

The academic portion of the program to 
provide subject matter course work for the two- 
year college staff members is accomplished by 
means of summer institutes and academic-year 
courses via video tape. A number of the junior 
college staff members have been teaching in 
the junior colleges for several years and have 
not had a chance to continue their education. 
These courses allow them to take courses during 
the academic year from CSU via video tape while 
teaching at their own school.

The video tapes are prepared by filming a 
live class at Colorado State University. Immedi­
ately after the class session, the tapes are 
shipped to the five schools where they are viewed 
(usually two days later). After use, they are re­
turned to CSU, where they are erased and used 
again to record future lectures. Tests are ad­
ministered by an official at the participating in­
stitution. Each participant receives the same 
credit as the students on campus.

Each summer, one or more courses taught 
specifically for the junior college teachers is 
offered at an Institute.

The program was begun with five two-year 
colleges; however, several more have been in­
volved in various phases, and it is hoped that 
all two-year schools in the state will be partici­
pating in the near future.

Intermedial Instruction in Anatomy. Drs. R. D. 
Frandson and R. A. Kainer in the Department



of Anatomy are correlating the use of television 
tapes, 16-mm motion pictures, 35-mm slides, 
and 8-mm film loops and audio tape recorders 
in self-learning centers for students in the 
anatomical sciences.

Most of the media employed are directed 
toward the learning of "concepts" of anatomy— 
general principles that can be applied to many 
areas. However, some are applied to very spe­
cific intensified study.

By the use of both individual and group 
carrels, individual study (at the student's own 
pace), and group interaction and large assembly 
presentations are possible. Photographic, voice, 
and television recordings of studies from the 
electron and light microscopes and laboratory 
cadavers, and of line drawings and living indi­
viduals, can all be unified in teaching. It is even 
possible to conduct examinations with some 
of the same equipment used for instruction.

Teachers are not completely replaced by 
these techniques, but enrichment and enhance­
ment of learning do occur when students are 
exposed to such methods. Learning has been 
shown to be equivalent to or better than that 
using self-learning centers only.

Although the use of these media has been 
on a small scale in the recent past, it is expected 

to increase greatly. The Department of Anatomy 
intends to intensify such use as it moves into 
new quarters two years from now.

This study is one form of educational re­
search being carried out in the College of Veter­
inary Medicine and Biomedical Sciences.

Systems Analysis of the Modern University. Cur­
rent sociological problems, such as environ­
mental pollution, urbanization, and problems 
within the university, are not readily amenable 
to conventional systems analysis because of the 
difficulty of characterizing human elements and 
functions in a quantitative manner. The general­
ized systems approach to problems relies heavily 
upon the technique of modeling, which abstracts 
the important characteristics of the system and re­
lates them in some mathematical fashion so that 
quantitative analysis may be conducted. With the 
increasing involvement of the university in the 
American social system, it is important to study 
the essential features of the university structure 
in an objective manner. Accordingly in the sum­
mer of 1969 an interdisciplinary team of faculty 
and students began to analyze the components 
of the university, such as the academic depart­
ment, the student residential situation, and de­
cision making at various levels within the uni­
versity structure.

Some of the difficulties involved with class­
ical systems analysis have been overcome 
through the use of graph theoretic principles to 
delineate the informal structure, inherent though 
not explicit, in social systems by means of pat­
tern identification based on interpersonal rela­
tionships identified by computer analysis of 
sociometric data. This "clique analysis" repre­
sents a unique method of characterizing systems 
by relating the informal structure to the formal 
line-diagram of the organization representing 
levels of authority and lines of communication.

The program was initiated by Dr. R. J. 
Churchill, Professor and Head of Electrical Engi­
neering, in conjunction with Drs. W. Lord and 
L. M. Maxwell from Electrical Engineering, E. F. 
Sharp from Sociology, and R. N. Hubbell from 
Education. Undergratuate students from Elec­
trical Engineering and Sociology have con­
tributed to the success of the program.
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the Environment

Awareness of Air Pollution and its Causes. How 
do people in Colorado perceive the problem of 
air pollution? Do they rank it as a major com­
munity problem? What do they feel are the 
sources of pollution and which measures of con­
trol are most popular? Finding answers to ques­
tions like these is part of a research project on 
attitudes toward air pollution in Colorado sup­
ported by the Colorado State University Experi­
ment Station. The first phase of this research, 
currently in progress, is designed to compare 
responses of Colorado residents in three kinds 
of communities: rural, small city, and urban 
suburb, wtih earlier findings obtained from com­
munities known to have serious air pollution 
problems.

The three kinds of communities have been 
sampled in eastern Colorado. In each com­
munity interviewers inquired about the resident's 
awareness of specific air pollution problems; his 
opinions as to the causes and cures of air pol­
lution and the cost of pollution; and then addi­
tional questions concerning air quality. Ques­
tions were similar to those asked in other in­
vestigations. Answers given to the interviewers 
are being compared across different occupa­
tional, educational, and geographic groups. 
Opinions of air pollution experts are also com­
pared with those of the general public inter­
viewed in the survey. With this basic kind 
of information as background, additional surveys 
will be made in order to relate physical measures 
of air quality to public perception of the amount 
of air pollution. This work will be concerned 
with determining the amount of change in air 
quality that is noticeable, and specific cost/ef­
fectiveness ratios (in terms of attitude change) 
that are tied to particular pollution control ef­
forts.

Future goals of the investigation are to look 
at the community decision-making process that 
leads to acceptance of pollution controls. In 
line with this, communities with successful pro­
grams of pollution abatement could be studied 
in greater depth and contrasted with communi­
ties experiencing difficulty in controlling pol­
lution.

Another goal of the investigation is to trace 
the communication process involved in com­
munity awareness and action on air pollution. 
Typical questions to be answered involve assess­
ing where major gaps exist between technical 

and lay knowledge about pollution problems and 
how information is best disseminated to close 
these gaps. The role of the communications 
media and various community groups in provid­
ing pollution information also needs to be more 
completely understood.

Biology of Pinyon Gali Midges. Pinyon as a 
landscape tree is rapidly gaining popularity in 
Colorado. Native stands of this slow-growing 
pine are found throughout the arid regions of 
southwestern United States with isolated stands 
ranging as far as northern Colorado.

In its native habitat pinyon is attacked by 
several gall-forming insects. However, these 
pests seldom damage the tree. Under natural 
conditions the tough, dry pinyon apparently is 
not conducive to the buildup of high insect 
populations. When the tree is moved into a 
landscape situation, however, the entire habitat 
is changed. Water and nutritive materials pro­
vided by the homeowner keep the tree healthy, 
succulent, and subject to heavy insect attack. 
Needle galls found rarely in natural areas be­
come very common in landscape trees and often 
cause serious defoliation.

Research being conducted by Dr. J. W. 
Brewer and graduate student Mark Houseweart, 
of the Department of Entomology, is directed 
toward determining the life cycle and control 
of needle gall midges attacking pinyon. Previous­
ly it was believed that only one insect species 
caused needle galls on this plant, but investiga­
tions have uncovered at least five different in­
sects, four of which appear to be new species. 
One of these has recently been described as a 
new genus.

Two of the gall-formers, both Cecidomyiidae 
midges, are now being studied in detail. These 
insects have the appearance of small gnats. Both 
of these midges overwinter as larvae inside the 
gall. In early spring the larvae pupate and shortly 
after emerge as adults. The adults mate and the 
female lays 40-80 eggs on the new needles. Eggs 
hatch in 7-10 days and the young larvae im­
mediately enter the base of the developing 
needles. The adults, which apparently do not 
feed, live only a few days.

Both species of gall midge are parasitized 
by small wasps. Each midge is attacked by a 
separate species of wasp. The wasps oviposit
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Gall midge female.

 

Wasp parasite of gall midge.

Needle gall on Pinyon.

in the eggs shortly after they are laid. Develop­
ment of the parasitic wasp is delayed, however, 
until the midge is a full-sized larva. The parasite 
then develops rapidly, feeding on the midge 
larva and emerging about the same time as the 
adult midge would normally emerge.

Brewer and Houseweart are investigating 
the possibility of using these parasites as bio­
logical controls for the gall midges. Investiga­
tions are also being conducted on the use of 
chemicals for control of the gall midge. Because 
of the extremely short emergence period of the 
adult and the fact that the immature stages live 
protected inside the gall, the investigators are 
working on the use of systemic insecticides so 
that application timing would not be as critical.

Deer Food Habits. Trained mule deer are being 
used as sampling tools to determine the forage 
preferences and grazing habits of deer on Colo­
rado summer range. The questions of what plant 
species are deer forage and where these plants 
occur can be answered by observing the tame 
deer as they graze. The forage species judged 
to be major components of the deer's diet are 
collected and analyzed in an attempt to deter­
mine why certain species are preferred by deer.

The deer are hand-raised from birth. A 
bottle-fed fawn soon learns to rely on and trust 
its trainer. After a mutual trust has been de­
veloped between the deer and trainer, the deer 
is trained to load into a pickup and to graze 
beside the trainer without physical restraint.

During the summer months the deer are 
taken to a spruce-fir and lodgepole pine forest 
study area near Frasier, Colorado. Timber on 
the study area was harvested in 1956 in a pattern 
of alternate clear-cut strips.

The deer are released for grazing trials of 
two hours duration and allowed to graze and 
travel about as they wish. The observer follows 
closely behind the deer (5-15 feet) and records 
what plant species are eaten and the type (cut 
or uncut) of area from which the plant was taken. 
Upon completion of the grazing trial the ob­
server trots back to the pickup; the deer will 
be close behind because it becomes frightened 
when left alone in the forest. After completion 
of several grazing trials, plants which composed 
the major portion of the diet are collected from 
the same site they were eaten. Analysis for 
chemical composition and digestibility is con-



26 ducted to determine the nutritive value of the 
forage species.

Preliminary results indicate that a larger 
quantity of deer forage and additional plant 
species occur in the logged areas than in the 
virgin forest. Blueberry (Vaccinium scoparium) 
is the most abundant plant on both areas and 
constitutes the major portion of the trained 
deer's diet. The areas of logged forest provide 
a diversified array of lush forbs which are im­
portant for good deer nutrition.

This study is being conducted under the 
supervision of Dr. Julius G. Nagy, Department 
of Fisheries and Wildlife Biology, Colorado State 
University, and Dr. O. Charles Wallmo of the 
Rocky Mountain Forest and Range Experiment 
Station, USDA Forest Service. Don Reichert of 
the Forest Service and Wayne Regelin, Colorado 
State University graduate student, do the train­
ing of deer, data collection, and nutritive analysis.

Trained deer under food habits trial. The ob­
server records on tape the kinds of plants deer 
is eating. Later the same kinds of plants will 
be collected and analyzed for chemical compo­
sition.

Foundations of Federal Reclamation Policies. In 
1968, Professors Kenneth C. Nobe, George E. 
Radosevich, and Alan R. Dickerman of the De­
partment of Economics undertook a study to 
examine and to evaluate changes in the public 
objectives pursued by the Bureau of Reclamation 

from its creation in 1902 to the present. The 
study revealed the policies of the Bureau of 
Reclamation to be consistent with national water 
objectives through the course of its history.

This study entailed a historical investigation 
and documentation into the implicit and explicit 
Federal objectives as observed from project re­
ports, Congressional hearings and records, Presi­
dential orders, basic laws and project authoriza­
tion laws, resources policy review commissions, 
speeches, and other references. Extensive legal 
and economic history research and analysis were 
required.

During the early stages of research four 
values were identified, which, for the most part, 
are held by Americans individually, and which, 
taken as a concept of what is right, form the 
basis for collective national objectives. The four 
values are liberty and individual freedom of ac­
tion; improvement in the individual's well-being; 
equality of persons and groups; and stability in 
all occurrences affecting the individual. These 
values emerged individually as priorities at vari­
ous times throughout reclamation's history to 
affect the Bureau's goals and policies.

The objectives of reclamation derived from 
this study are development during the Progres­
sive Era, conservation during the Great Depres­
sion of the 1930's, and environmental quality 
emerging after World War II—implicity through 
the changing national concept of individual im­
provement and explicitly by water resources man­
agement.

The goals of reclamation have grown in 
response to generally held beliefs about the at­
tainment of objectives and the satisfaction of 
values. Reclamation began by identifying irri­
gation as nearly synonymous with development. 
Hydroelectric power became a goal, during the 
post World I era, of "business normalcy." The 
objective of conservation brought two new goals 
to the reclamation program: fish and wildlife 
preservation was a planning goal imposed upon 
reclamation from other agencies' pursuit of the 
conservation objective; and flood control was 
viewed as the major conservation goal of recla­
mation, so the Bureau was allowed to include 
flood control features in projects as a nonreim­
bursable benefit. During the second World War, 
municipal and industrial water use became a 
goal to be pursued in the achievement of war­
time objectives associated with the newly estab­
lished defense plants in the West.



27The environmental quality objectives cre­
ated a multitude of goals for the reclamation 
program. Recreation enhancement was estab­
lished as a result of growing awareness that im­
proved qualitative aspects of life also contributed 
to individual well-being. Pollution control and 
recreation enhancement became goals of recla­
mation by virtue of their obvious relation to 
water projects and, as such, provided the basis 
for adding the objective of environmental qual­
ity for reclamation programs. From this objec­
tive also follows the new goal of historic and 
scenic area preservation. While this goal may 
appear similar to fish and wildlife preservation, 
it differs as to its basis for justification, because 
a historic or scenic site is unique and is there­
fore not subject to the stock or flow concepts 
usually associated with conservation.

The project was completed and the report 
published in January 1970. Its importance is the 
illustration of the interrelationships between na­
tional values and objectives, and the agency's 
goals and policies.

Model Study of River Meanders. The changing 
climates of the last million or so years of earth 
history have significantly altered both valley 
slopes and the type of sediment load moved 
through river channels. It has been proposed 
that certain characteristics of modern rivers re­
flect these past events, and an attempt is being 
made to reproduce these changes by modifying 
the slope on which a model river flows as well 
as the type of sediment introduced into the 
model. Thus we hope to demonstrate by a model 
study the influence of geologic history on mod­
ern river channels.

The experiments are being performed in a 
flume 100 feet long by 24 feet wide located at 
the Engineering Research Center, Colorado State 
University. The first series of experiments was 
designed to evaluate the influence of valley 
gradient on the tendency of a river to develop 
a sinuous course. The experiment indicated that 
with constant discharge of water and sediment 
there is a critical valley slope, above which the 
model river tends to meander and below which 
it remains straight. At a higher critical slope the 
meandering pattern is replaced by a braided pat­
tern, which appears to be the most efficient 
channel for the transport of large quantities of 
sediment.

A further observation is that anomalously 
sinuous sections of a river may reflect steeper 
portions of an alluvial valley. This conclusion 
has been substantiated by measurements of 
channel pattern and valley slope for several rivers 
of western U.S.A. and especially for sections of 
the Mississippi River below the junctions of the 
Arkansas and Red Rivers. Below the Arkansas 
River junction, the Mississippi River was very 
sinuous before recent realignment; here the val­
ley slope is also greatest, as suggested by the 
experiments. This new explanation for appar­
ently random variations in river pattern may be 
of practical use to the river-control engineer, for 
the sections of a river that appear to require re­
alignment are, in fact, least suited to this pur­
pose. Therefore, in many cases, straightening a 
river's course on the steeper reaches of the val­
ley will induce major bank erosion and channel 
instability.

A second series of experiments was per­
formed in which the type of sediment trans­
ported by the model channel was changed from 
predominantly sand or bedload to clay or sus­
pended load. The overall effect was to convert 
a wide, shallow, relatively steep, straight channel 
to a narrow, deep, less steep, sinuous channel. 
The straight channel was induced to meander 
by changing the type of sediment load from sand 
to clay. Based on these experiments, we con­
clude that a complete change in river mor­
phology will follow a major change in the type 
of sediment transported through the system. It 
appears that similar changes may be anticipated 
along many of our rivers as the coarser sedi­
ments are deposited in reservoirs. The net effect 
may be long periods of channel instability as 
rivers attempt to adjust to man's manipulation 
of the hydrologic regimen. The results of this



28 experimental series are similar to those docu­
mented changes of river morphology that have 
occurred naturally during the past 15,000 years 
along many major river systems in response to 
climate change. The experiments provide some 
basis for prediction of long-term river response 
to altered river flow and sediment yield.

Modeling of Groundwater Resources. Ground­
water is one of Colorado's most important re­
sources. Because of this, the groundwater pro­
gram under the direction of R. A. Longenbaugh 
and D. K. Sunada has developed a finite differ­
ence model to predict the origin, movement, 
and distribution of water in an aquifer. This 
model has been used to predict movement of 
pollutants in aquifers (Reddell, 1969) and the 
amount of water lost to the Fox Hill formation 
in the Black Squirrel Basin (Goeke, 1970).

The finite difference model is currently be­
ing used to model the degradation of water 
quality in the Severence Basin. In addition, work 
has been started on modeling the movement 
of contaminants originating from the Rocky 
Mountain Arsenal site. Studies of this type lead 
to better management of our water resources.

210po . Pollution Source. Polonium-210 is a 
radionuclide that has been considered for use 
as a heat source for compact electrical gener­
ators. These generators, called Systems for 
Nuclear Auxiliary Power (SNAP), have been sug­
gested for use in space missions. In this applica­
tion there is a small chance that a large quantity 
of 210Po might be released to the environment 
if an accident occurred. Polonium-210 also is 
present in the environment in small quantities 
as the last radionuclide in the radium decay 
chain, which acts as a low-level contaminant 
in many types of vegetation, including tobacco. 
As a tobacco contaminant it has been implicated 
as a possible causative agent in lung cancer.

The movement of 210Po through soil and 
the subsequent uptake by plants has been the 
subject of a research project sponsored by the 
U.S. Atomic Energy Commission. As an out­
growth of this work, additional projects on the 
foliar absorption of 210Po and on the movement 
from pasture into dairy and meat supplies are 
in progress. These studies are performed both 
at high 210Po concentration levels to evaluate the 
potential radiological hazards of SNAP applica­
tions and at the natural background level to gain 

knowledge about the mechanisms by which 
naturally occurring 210Po is deposited in the 
human population.

Studies are being conducted on the rate of 
movement of 210Po in a variety of soils from 
agricultural and watershed areas. Results so far 
indicate that the radionuclide is retained by the 
soil and does not move rapidly enough to reach 
potable water supplies as a significant pollutant. 
This slow movement, however, means that 210Po 
will remain in an agricultural soil for a sufficient 
time to be available to plants.

Agricultural studies with 210Po.

For comparative studies edible plants were 
grown in contaminated soils and in soils with 
natural 210Po concentrations. Results show that 
a small but measurable fraction of the radio­
nuclide is absorbed through the roots. The 
highest concentrations were found in the foliage 
of fast-growing plants while the seeds and fruit 
of long-growing plants had concentrations lower 
by a factor of 100. Calculations based on the 
estimated diet of teen-agers indicated that local 
deposition of a large 210Po source on a truck 
garden area could produce a limited radiological 
hazard to a population whose vegetable diet was 
exclusively from the contaminated area.

The study of the natural background level 
of 210Po in plants and soils when compared with 
the results of plants grown on artificially con­
taminated soil showed much higher apparent 
transfer coefficients for plants with the natural 
exposure. Further study has shown that these 
higher values are due to foliar absorption follow­
ing aerial deposition rather than root uptake 
from soil.

Experiments are presently underway on the 



29transfer of ingested 210Po to milk and meat in 
cows and goats. The data indicate that this 
source of food for human consumption presents 
the greatest potential for radiological hazard in 
case of a 210Po environmental release, although 
it still appears to be relatively small.

This research is directed by R. L. Watters 
of the Department of Radiology and Radiation 
Biology and Dr. J. E. Johnson of the Departments 
of Radiology and Radiation Biology and Animal 
Science.

Recycling Animal Wastes and Diptera. Solid 
metabolic wastes of animals are natural breed­
ing sites for many insects, including the common 
house fly. Research studies have demonstrated 
that fly larvae during their development from egg 
to pupa remove approximately 55 percent of the 
total wet weight of fresh poultry droppings. Dur­
ing this development period, 60 percent of the 
moisture in the waste is evolved. Two percent 
of the fresh manure weight can be harvested 
as dried fly pupae, which contains in excess of 
60 percent protein, 9 percent fat, and 11 per­
cent ash. The amino acid balance of fly pupae 
is comparable to fish meal, which is very de­
sirable as a protein supplement in poultry diets. 
Proper processing of the pupae would destroy 
any pathogenic organisms that might be present 
so no disease would be transmitted via the 
animal ration.

The waste residue that remains after ca­
tabolism by fly larvae is easily dried and stabil­
ized and granular in consistency. It contains 2.5 
percent nitrate, 3.5 percent phosphoric acid, and 
3.5 percent potash as well as all micronutrients 
needed for the growth of most plants.

Feeding trials with young chickens have in­
dicated that fly pupae could effectively be sub­
stituted for all protein supplements in the ra­
tion. Body weight, feed efficiency, and mortal­
ity were comparable between chicks fed a ration 
containing 30 percent fly pupae and chicks re­
ceiving the control ration.

A poultry operation of 100,000 laying hens 
could produce 400 pounds of dried fly pupae 
daily. At a price of 10 cents per pound, this 
could give a return of $40 per day above the 
fertilizer value of the manure residue and ef­
fectively reduce the accumulation of large quan­
tities of manure and associated pollution prob­
lems.

Urban Air Pollution Study. The concept of aero­
dynamic modeling that helped perfect airplanes 
has been extended to include the investigation 
of environmental problems. This development 
has been pioneered through 15 years of basic 
research by staff members of the Fluid Mechanics 
Program in the Civil Engineering Department. 
The addition of a large environmental wind tun­
nel to the facilities of the Fluid Dynamics and 
Diffusion Laboratory now permits modeling of 
airflow over entire cities. The first such investi­
gation to study diffusion over a typical city is 
being made on the model of Fort Wayne, In­
diana, which is constructed to a scale of one 
to 4,000. Fort Wayne was selected for this 
pioneering study because extensive field data on 
wind and diffusion are available to provide a 
basis of comparison to check the validity of 
pollutant concentration data measured in the 
model.

Atlantic-Richfield Towers in Los Angeles (1:200 
scale).

Two main features that significantly affect 
atmospheric motions and aerosol dispersion have 
been incorporated into the model of Fort Wayne. 
One is the surface roughness in the form of 
buildings, and the other is the so-called “heat 
island effect" that results from heat generated 
by the city. Heating of the model city is ac­
complished by placing nichrome wires in differ­
ent electrical circuits over the city area and ap­
plying a predetermined voltage. This arrange­
ment enables formation of temperature distribu­
tions in the model city that are similar to those 
measured in the field. A traversing system carry­
ing a continuously emitting source of Krypton-85



30 was installed upwind from the city to simulate 
the aircraft releases of fluorescent particle tracers 
in the field.

Measurements of "winds" over the model 
confirmed that the atmospheric flow conditions 
upwind and the vertical temperature gradients 
over the city were simulated. The measured 
concentrations of source materials over the city 
have proved that it is indeed possible to obtain 
laboratory data that are comparable to those 
obtained through field measurements, which are 
usually prohibitively expensive. This investiga­
tion opens the way for studies of air pollution 
problems for purposes of urban planning. The 
location of industrial sites relative to major topo­
graphical features, the location of freeways 
through existing cities, the grouping of tall build­
ings in an urban development program, or even 
the geometrical features of an entirely new city 
can be studied systematically to minimize air 
pollution potentials under adverse meteorologic­
al conditions.

This study was sponsored by the Atmos­
pheric Sciences Laboratory of the Army Materiel 
Command and was guided by Dr. J. E. Cermak, 
Professor-in-Charge, Fluid Mechanics Program. 
Dr. Fazil Chaudhry, Research Civil Engineer, Mr.
S. Sethuraman, Graduate Research Assistant, and 
Mr. James A. Garrison, Laboratory Supervisor, 
designed the model and collected the experi­
mental data.

Visitor Carrying Capacity of the National Parks.
The continuing population growth in the 

United States has placed the National Park Ser­
vice in a dilemma.

To make the parks available for use and 
enjoyment and at the same time to protect them 
from overuse and abuse was not too difficult 
a matter in 1916 when the National Park Service 
was established. There were then an estimated 
3.56 visits per 1,000 population; the total popu­
lation was only approximately 100,000,000; and 
there were 13.3 acres of parkland for every visi­
tor. But by 1969 the parks had long since been 
"discovered" by the American public. They were 
no longer as inaccessible as they were in 1916. 
The visitation rate was a vastly greater 208 visits 
per 1,000 population; the total population had 
more than doubled; and although new parks 
had been added to the system, there was ap­
proximately .03 acre of parkland per visitor. Be­
cause of the road systems and circulation pat­

terns in the parks, and the fact that there are 
large areas of parkland that are relatively in­
accessible to persons in automobiles, there tends 
to be a concentration of use on relatively small 
parts of the total land and water area.

The National Park Service has recognized 
that upper limits on use must be established. 
It also recognizes that a careful balance is re­
quired in establishing such limits. The resources 
of the parks require adequate protection but 
visitation must not be unduly restricted. The 
research problem was that of studying the situ­
ation to determine how such a balance between 
objectives might be attained and to suggest prac­
tical techniques that might be employed for de­
termining appropriate levels of visitor use.

The study was carried out by Drs. R. Burnell 
Held and Arthur T. Wilcox of the Department 
of Recreation and Watershed Resources. They 
were assisted by Stanley K. Brickler, a doctoral 
candidate in the department.

The problem was basically one of produc­
ing the greatest possible net benefits. Benefits 
in this case are the product of the value of a 
visit and the number of visits. Costs are the 
losses to the biota and natural features of the 
area caused by the unavoidable wear of use, 
and the losses in the quality of the visitors' ex­
perience that occur with crowding, the necessity 
of waiting in line, and the general limitations 
on freedom of choice and movement which are 
required wherever large numbers of visitors must 
be accommodated.

The objective of the study was to de­
velop effective yet relatively simple techniques 
that could be used by National Park Service 
employees to determine the visitor use capacity 
of specific natural areas in the parks. As the 
study proceeded, it became evident that an 
objective of that type was premature. Under­
standing and information of a more fundamental 
nature were actually needed. For example, the 
impact of recreation use on the biota had long 
been recognized and documented, but little or 
no work has been done to determine the extent 
of damage associated with various known levels 
of use under known physical conditions. Further, 
although other studies have emphasized the 
growing dissatisfaction of park users with the 
crowded conditions encountered in some of the 
major parks, studies were not available to de­
termine at what level of use and under what 



31circumstances conditions actually became in­
tolerable to visitors. Thus, costs could not be 
determined until such data were available.

The researchers recognized that any level 
of visitation is likely to cause some change from 
its original condition in a park's natural area. 
The National Park Service and the interested 
public would probably quickly agree that levels 
of use which threaten to eliminate major por­
tions of the desired plant and animal species 
of the area or which would greatly damage the 
physical features should not be permitted and 
that a ceiling on use should be imposed before 
that point has been reached. Similarly, visitors 
would probably agree that crowding is undesir­
able. But it would likely be extremely difficult 
to obtain widespread agreement as to what level 
of use is desirable.

Because of these difficulties, the researchers 
proposed procedures to measure the impact of 
various levels of use on vegetation and to de­
termine the reactions and preferences of visitors 
and park service administrators to them. Further, 
the procedures would test visitor reaction to dif­
ferent degrees of crowding and no crowding. 
Recognizing, however, that there is not one 
clientele of the parks but rather several, the 
study recommended procedures that might be 
used to identify members of particular clientele 
groups with relatively homogeneous values and 
expectations. Rates of use and types of use might 
then be adjusted to provide park experiences 
which are compatible with National Park Service 
objectives and which encourage particular types 
and levels of use in certain areas of the parks. 
Visitors could be directed to those areas which 
would yield the satisfactions they seek while 
minimizing the unavoidable wear and other 
losses to park resources.

Water Pollution Control. Effective control of 
water pollution requires that state and local laws 
and administrative procedures be attuned to the 
problems of a dynamic society. Gaylord V. 
Skogerboe and Russell Freeman are working in 
close cooperation with the State Water Pollution 
Control Commission to evaluate the scope and 
effectiveness of the state's water pollution con­
trol program.

In the first year of a three-year study, at­
tention has been directed to the general organi­
zation and content of the program. As a result 

of this effort, the Commission is considering a 
program reorganization and the addition of new 
staff capabilities in the areas of biological sci­
ences and planning and program development. 
Future work will include analysis of the elements 
of the state program, especially the methods of 
collecting, analyzing, reporting, and using data 
and the procedures for establishing and enforc­
ing water quality standards, orders, and other 
rules and regulations. This study will also de­
termine the public perception of the water pol­
lution control program. The attitude of the gen­
eral public will be determined and compared 
to the attitudes of two smaller interest groups: 
those responsible for the water pollution con­
trol program and those who have been directly 
affected by it.

Water Quality and Quantity. Through basic and 
applied research several members of the Civil 
Engineering Department at CSU are studying the 
movement of water in rivers and channels, its 
measurement, and its relation to the environ­
ment. Their studies benefit water managers, 
farmers, highway engineers, city managers, and 
home owners—in short, the entire community. 
In order for the benefit to be realized, certain 
fundamental or basic phenomena must be under­
stood. To obtain this understanding hydraulic 
engineers at CSU are engaged in basic water 
research to develop new ways to analyze and to 
measure basic hydraulic phenomena.

An analytical model that water managers 
can use to ensure the most economical delivery 
of water is being developed under the guidance 
of Dr. E. V. Richardson. The model takes into 
consideration such factors as snowmelt forecasts, 
channel seepage losses, and legal constraints of 
priority. The project is funded by the Colorado 
State University Experiment Station.

Dr. Herman J. Koloseus, using numerical 
analysis, is to investigate phenomena related to 
irrigation. Part of his work deals with the hy­
draulic jump, which is useful in dissipating en­
ergy in order to decrease the eroding potential 
of open channel flow.

Irrigation and other free surface water dis­
tribution systems involve both parallel and radial 
flows. Dr. Koloseus's work on the circular hy­
draulic jump calls attention to the differences be­
tween parallel and radial systems and extends 
equations of the hydraulic jump to diverging



32 channels. This information could improve design 
criteria for hydraulic structures and irrigation 
systems. Dr. Koloseus is also analytically in­
vestigating the effects of pressure fluctuations on 
stilling wells—auxiliary devices for measuring the 
depth of flow in a channel or ditch over a con­
tinuous period of time.

Aerial view of river with sediment deposition; 
used in conjunction with remote sensing.

Dr. V. Yevjevich and Dr. A. H. Barnes re­
cently completed an analytical investigation of 
depth, volume, and discharge as a function of 
time for both gradually varied and rapidly varied 
unsteady flow in an open channel. Numerical 
solution of the problems could lead to improved 
designs of urban, airport, and highway drainage 
systems. Related data have led to improved 
understanding of flash floods and the results of 
a sudden release of water from a reservoir. The 
analytical data the two investigators obtained 
were tested and verified under field conditions. 
The U.S. Bureau of Public Roads funded this 
basic research.

Dr. Barnes is also analyzing the interrela­
tionship of variables related to water resources 
management in another way. This time, instead 
of a mathematical model, he is creating a water 
resources game which links industrial, agricul­
tural, and urban uses of water. Individuals with 

only a minimum of understanding of water re­
sources will be able to play what is hoped to 
be a fun and educational game.

In association with others, including the 
U.S. Geological Survey (USGS), Dr. H. W. Shen 
is engaged in analytical work pertaining to basic 
research in flow mechanics. He and Dr. Petar 
Todorovic are studying sediment transport rate 
by stochastic models for a project sponsored by 
the National Science Foundation. To verify the 
models, they are tracing radioactively tagged 
sediment particles under different flow condi­
tions. Using empirically collected data, Profes­
sor Shen has also developed a multivariable re­
gression technique to determine the relation be­
tween sediment transport and flow conditions. 
This technique correlates well with laboratory 
results. It is now being tested in the field.

Remote sensing equipment used to detect ther­
mal energy.

The USGS is studying the development of 
river bed roughness under various flow condi­
tions by collecting data using an echo sounder 
developed at the engineering research labora­
tory in cooperation with Automation Industries 
of Boulder, Colorado.

Dr. Johannes Gessler recently completed a 
research project for the Experiment Station in 
which a new and different approach was used 
to analyze and to measure the eroding action of 
water on clay soil. Part of the problem with an 
irrigation canal that runs through clay soil is 
that there is both a mechanical and physico­
chemical eroding interaction between the water 
and clay. In a unique attempt, Dr. Gessler sep­
arated the effects of these two phenomena. To 
isolate the mechanical aspects he replaced the 
water with a nonpolar liquid agent; to study



Model of radial gate used in the Tarbela Dam.

the physicochemical interaction, he added chem­
icals to the clay. Depending on the chemicals, 
the clay either separates or binds together; bind­
ing properties reduce physicochemical erosion, 
thereby stabilizing the canals.

Other hydraulic research is being conducted 
to find methods of measuring seepage losses 
from canals and methods of reducing it; inex­
pensive lining techniques have been developed 
and are being improved.

Dr. D. B. Simons, Associate Dean for Engi­
neering Research, Assistant Professor Morris M. 
Skinner, and Dr. Richardson are investigating 
new ways to analyze and measure phenomena 
pertaining to rivers.

The three techniques they are emphasizing 
are analytical photogrammetry, multi-band pho­
tography, and thermal infrared imagery. These 
techniques are based on the principle that all 
objects reflect or emit characteristic intensities 
of electromagnetic energy which can. be re­
corded.

Photogrammetry, in simplified terms, is tak­
ing measurements from photographs. Two over­
lapping aerial photographs of a meandering 
river are placed in a stereocomparator. Using the 
principles of parallax, the x, y, and z coordinates 
of the bends in the river are determined. The 
space locations of these points are fed into a 
computer and the radius of the bends and me­

ander pattern are calculated. This information 
is then used to form a mathematical representa­
tion of the river. Repeating this procedure 
periodically and comparing the results could 
indicate the erosion and deposition pattern and 
other critical changes in channel geometry.

Multi-band photography, which depends on 
the proper selection of camera filters and film 
sensitivity, detects both visible electromagnetic 
energy and invisible reflected energy. This tech­
nique can be used to identify flow patterns in 
a river, to map vegetal patterns on a flood plain, 
and to detect sewage outlets and submerged 
sandbars.

The technique of using thermal infrared 
imagery is similar to using multi-band photog­
raphy except that the sensing apparatus measures 
emitted energy rather than reflected energy. This 
technique is useful for detecting potential slide 
areas along river banks and in levees, thermal 
pollution, and so forth.

Both analytical photogrammetry and multi­
band photography already have been used on 
the Beaverhead River near Dillon, Montana. It 
is expected that thermal infrared imagery will 
be used in the near future. All three remote 
sensing techniques should prove to be useful 
for monitoring conditions and changes in rivers 
in a new context of continuity, interrelationship, 
and detail.

A basic research project to study the inter­
action between hydrology and meteorology was 
conducted in Venezuela in cooperation with the 
Venezuelan government. Meteorological and hy­
drological data were collected to study the basic 
phenomena of precipitation and the correspond­
ing surface flow or flood response. The tropical 
test area, covering 5,400 miles of rivers, provided 
an opportunity to test existing hydrologic models 
against tropical conditions. Investigators, under 
project leaders Dr. Herbert Riehl, Professor of 
Atmospheric Science at CSU, and Dr. Simons, 
were able to correlate the amount of rainfall with 
the stream response in an area relatively un­
affected by man. The hydrologic phase of the 
study focused on measuring soil moisture, stream 
flooding, and the general effect storms had on 
roads in the test area. Other benefits of the 
South American study include the development 
of a new technique for computing discharge in 
wide, shallow, sand-bed channels, directional 
simulation of the time-space character of storms, 
and the response of a stream under known in­
puts of precipitation.



34 Other basic research involving measure­
ments is being done by Dr. Richardson and Dr. 
Raul S. McQuivey of USGS. They are measuring 
turbulence and how it relates to diffusion of 
solutes in a stream.

Once basic hydraulic phenomena are known 
and understood, engineering research can be 
applied to practical problems. In an attempt 
to improve safety procedures for filling pipe­
lines, Dr. M. L. Albertson is working with the 
Johns-Manville Sales Corporation to establish 
safe filling rates and safer methods for testing 
pressure stress in filled pipelines. Results of the 
work will provide criteria that construction crews 
in the field can use to fill and test pipelines.

Dr. A. G. Mercer is also involved in activity 
related to industrial use of flow. The operational 
characteristics of four pumps used for pumping 
mine slurry for the Denver equipment division 
of the Joy Manufacturing Company are being 
tested under his leadership. The data collected 
will provide information on the efficiency of 
the pumps, the effects of cavitation, and the 
amount of flow the pumps can deliver against 
a given head. The pumps are lined with rubber 
which increases their life by reducing abrasion.

Public as well as private agencies also take 
advantage of applied hydraulic research. The 
Colorado State University Experiment Station is 
sponsoring a study to determine the advantages 
and disadvantages of consolidating irrigation 
ditch companies, and Dr. Simons is directing 
research to improve flood protection at water­
way crossings such as bridges and culverts for 
the Wyoming State Highway Department. The 
investigation of how to protect bridge abutments 
with inexpensive rock riprap is nearing comple­
tion. Factors such as depth of flow, discharge, 
and channel geometry and their relationship to 
the size of riprap needed to protect bridges 
have been analytically computed and are now 
being verified by a physical model in the labora­
tory.

Hydraulic research is not only applicable to 
the water resource problems of the United States, 
but it is also important to the water problems 
of emerging countries. For example, a two-part 
study of irrigation problems in West Pakistan 
is being conducted by personnel in the hy­
draulics program at CSU. The first part of the 
study is computer simulation of the water con­
ditions in this arid country. The second part 
is the laboratory testing of the sediment-remov­
ing characteristics of control structures used to 

deliver water to farms in West Pakistan. Drs. 
Mercer, Richardson, and Albertson are working 
on this project, which is funded by the U.S. 
Agency for International Development.

Another project for West Pakistan is a re­
cently completed model study for Tarbela Dam. 
Hydraulic model studies of the radial gate and 
appurtenant works for tunnels 3 and 4, which 
divert water for irrigation, were performed at 
CSU under contract with Tippetts-Abbett-Mc- 
Carthy-Stratton of New York. The heads against 
the gates may vary from 183 feet at low reser­
voir level to 433 feet at full reservoir. With these 
large heads, standard seals for radial gates locat­
ed on the edge of the skin plate would be in­
adequate; therefore, caisson-type seals were 
placed on the face of the skin plate in the form 
of a picture frame. After modification the entire 
outlet works were made hydraulically satisfactory 
for all conditions of flow. This work was directed 
by Dr. S. S. Karaki.

Aerial view of river with sandbars; used in con­
junction with remote sensing.



Space Related 
Studies

Cardiovascular Adaptability During Prolonged 
Space Exposure. Astronauts returning to earth's 
gravity after long exposure to weightlessness 
have experienced circulatory problems, includ­
ing orthostatic hypotension, tachycardia, reduc­
tion in blood volume, lowered cardiovascular 
reflex response to shifts of blood to the extremi­
ties, and syncope or fainting. These same prob­
lems are shared by patients with long bed con­
finement when they are suddenly subjected to 
a standing upright position.

Primate with pulsatile sleeves on arms and legs 
for venous blood pooling.

The causes of these conditions are complex, 
but in general they develop because the heart 
gets "flabby” since it does not have to work 
as hard pumping the blood through the body.

Development of a new technique for stim­
ulating the cardiovascular system of subhuman 
primates is the object of this research conducted 
at the Surgical Laboratory, Colorado State Uni­
versity. The results may be extrapolated to man 
under conditions similar to those of the primates.

Intermittent venous pooling of blood in the 
distended lower vessels triggers and stimulates 
the vascular reflex mechanisms of the cardio­
vascular system and can have significant benefits 
in keeping the circulatory system in top per­
formance tone.

Pulsatile sleeves, fitting from the shoulder 
to the wrist on each arm and from the upper 

thigh to the ankle of each leg, provide a sequen­
tial occluding of the venous return as a "rip­
pling" action. The sleeves are actuated by com­
pressed air through programmed valves to de­
liver from 40 to 90 mm Hg pressure at ten de­
clining points along each arm and leg. The 
"ripple" effect, while pooling blood in the ex­
tremities, produces a soothing massage and is 
quite acceptable to the recipient.

The potential of these devices is evaluated 
by monitoring cardiovascular responses. The sig­
nificance of the investigation is that it is directly 
aimed at the man-in-space program and at the 
same time, may prove to be of real therapeutic 
value to bedridden patients with circulatory dis­
ease.
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Cardiovascular changes detected by radioisotope 
techniques.

Environmental Sensor Systems. In the study of 
the environment it is necessary to develop 
sophisticated instrumentation systems to gather 
the required data and to establish data reduc­
tion techniques to aid the scientist in the inter­
pretation and evaluation of the results obtained. 
Because of the complexity of modern measuring 
devices such as microwave radiometers, elec­
troacoustic probes, and lasers, it becomes essen­
tial to analyze the total sensor system perform­
ance including the effect of the environment on 
the instrumentation. This is the central con­
cept in an interdisciplinary research program 
sponsored by the Air Force Cambridge Research 
Laboratories under Project THEMIS. Scientists 
and engineers from the department of Electrical 
Engineering, Mechanical Engineering, Physics, 
and Watershed Sciences are currently studying 
problems in spacecraft reentry communications,



36 satellite platforms for remote sensing of natural 
resources, laser measurements of atmospheric 
properties, ionospheric modeling, plasma turbu­
lence, signal processing, and system optimization.

The program is under the general direction 
of Dr. R. J. Churchill in cooperation with Drs.
D. F. Edwards, G. L. McAllister, F. L. Smith III, 
J. P. Rybak, C. B. Winn, H. E. Wilhelm, and W.
E. Marlatt.

How Shall We Breathe in Space? Man takes his 
environment for granted most of the time. Little 
does he realize the importance of the air he 
breathes. Yet when circumstances, such as 
space travel, place man in an uninhabitable en­
vironment, he must take his own with him or 
perish. Man's atmosphere, a mixture of oxygen 
and nitrogen, was too heavy to use in the first 
spacecraft flown by the United States. The 
weight we could place in orbit was so small that 
oxygen alone at reduced pressure was chosen 
as the breathing gas for the astronauts. To date 
it is still used by all U.S. spacecraft.

Very early, scientists realized the effects of 
breathing high concentrations of oxygen. In 100 
percent oxygen at normal pressure, test animals 
die within four days. Even though the oxygen 
pressure in the space capsules is low, the per­
cent of oxygen is still about one and one-half 
times as great as in normal air. The National 
Aeronautics and Space Administration (NASA) 
began research to determine the effects of 100 
percent oxygen at reduced pressure, not because 
the short-duration flights would show an effect, 
but because of the plans for longer flights, a 
week, two weeks, and more. Information was 
critically needed to determine the effects of this 
moderately high concentration of oxygen over 
a prolonged period of time.

Six years ago the Laboratory of Aerospace 
Biology, directed by Dr. J. P. Jordan, was funded 
by NASA to determine the metabolic effects of 
high concentrations of oxygen on laboratory ani­
mals. While some alterations in metabolism were 
observed, the test animals appeared to adapt to 
the stress well enough so that, overall, no harm­
ful effects appeared. The equipment built to per­
form these studies has since been enlarged so 
that this laboratory now has the capability of 
maintaining an environment at any pressure, gas 
composition, temperature, or duration. Research 
is currently being conducted with this equipment 
to determine the best diluent gas to be used with 

oxygen for very prolonged space flights. Test 
animals have been kept in environments of oxy­
gen mixed with helium, neon, nitrogen, and 
argon in an attempt to ascertain the effects of 
these gases on metabolism.

These experiments have produced data 
which show, in respect to air, that argon slows 
metabolism and neon increases it. Changing the 
gaseous atmosphere from the normal does not 
appear to alter metabolism in any detrimental 
way, therefore opening many avenues of meta­
bolic control. It may be possible to slow an 
astronaut's metabolism during the long voyage 
to another planet by reducing what he consumes 
and then increasing his metabolism when he ar­
rives at his destination to have him at peak per­
formance physically and mentally.

Data collected in these studies are helping 
to produce a computer modeling program of 
the bioenergetic state of an animal. Through this 
tool it is hoped a prediction index can be de­
veloped in which, given a few simple tests, the 
metabolic state of an animal can be ascertained. 
Future study may allow its extension to human 
beings, perhaps as a very sensitive monitor of 
health. During a one to two years-long space 
voyage to Mars, it is imperative that we be able 
to measure the astronauts' physical condition 
and predict when an illness might be forthcom­
ing. With advance warning, the mission could 
be terminated and the astronauts brought home 
safely before a major catastrophe could occur.

Applications of this research to medicine 
would be most benefical as a diagnostic tool, by 
which it might be possible to be made aware 
of an illness months or years before it occurred. 
Long-range preventive steps could then be taken 
to remove the possibility of its occurrence. The 
importance of this monitor should not be under­
estimated; it is long overdue.

The Planet Jupiter. An intriguing object in the 
sky is the subject of research for Drs. J. Raich, 
R. Etters, and R. Culver, three faculty members 
in the Department of Physics. This object is 
Jupiter, the largest planet in the solar system. 
It possesses an unknown source of periodic high 
power microwave radiation in addition to the 
wellknown "Red Spot." (Both of these attributes 
were utilized in the moving picture, "2001 - A 
Space Odyssey.")

Hydrogen is a major constituent of this planet, 
but because of its large gravitation it is almost



Weather Related 
Studies

certain that the hydrogen ( a gas here on Earth) 
becomes metallic at the high pressures that exist 
in the interior. This metallic condition admits 
the possibility of the hydrogen becoming super­
conductive, a quantum-mechanical phenomenon 
in which ail electrical resistance essentially dis­
appears. Calculations being performed to de­
termine the likelihood of this happening would 
help in the understanding of how Jupiter has 
acquired a magnetic field many times greater 
than that of Earth, but without the preponder­
ance of metallic constituents.

Another aspect of the planet's behavior is 
its influence on the motion of its dozen moons. 
In particular, the perturbations of the orbit of 
Jupiter V, the moon closest to the planet, are 
being used to determine the asymmetry in the 
mass distribution within Jupiter itself. This in­
formation is crucial to the determination of a 
proper trajectory to be used in the “Grand Tour 
of the Planets" being planned within the next 
decade. Additionally, this information is vital 
to an analysis of the actual internal constituency 
of the planet. Data is being gathered and as­
sessed with respect to Jupiter's other moons, and 
it is hoped that it will be possible to improve 
the accuracy with which the orbital parameters 
are known. This type of analysis should also 
be extendable to the orbits of the moons of 
Mars and Saturn, for instance.

It is curious that the application of two 
physical theories, one barely a decade in de­
velopment, the other having its roots in the 
classical theories of the 1700's, should contribute 
to the success and understanding of our space- 
age ventures.

Apollo IX Photos. Photographs taken from space 
stations orbiting 100 to 125 miles above the 
earth may provide meteorologists with better 
data about weather development and the gen­
eral structure of the atmosphere than those taken 
from weather satellites.

Researchers in the Atmospheric Science De­
partment are presently collecting data from 
photos taken by the crew of Apollo IX and are 
developing meteorological applications for pho­
tos to be obtained by crews of future manned 
spacecraft. The pictures of the earth's cloud 
cover were taken while the spacecraft was over 
the Rocky Mountain region.

The study is being done for the National 
Aeronautics and Space Administration (NASA). 
Officials of NASA want to know: "What can 
photos taken from an orbiting space platform 
provide in the way of data that cannot be ob­
tained from weather satellite photos?"

CSU scientists believe there is much to be 
gained from photos taken at lower altitudes. 
They say the Apollo IX photos have greater reso­
lution than those taken by television cameras 
in weather satellites orbiting 600 to 800 miles 
above the earth.

The Apollo photos captured very distinct 
wave patterns in the upper atmosphere. These 
waves were created by the mountainous terrain 
and have a direct relationship to the generation 
and maintenance of the jet stream. Such pic­
tures from weather satellites are not possible.

Potential meteorological uses of photos 
taken from space stations include better weather 
forecasting, detection and forecasting of clear 
air turbulence, and detection of wind direction 
and change in direction at various altitudes.

Determination of Airflow and Diffusion Para­
meters for Atmospheric Water Resources Pro­
gram. Several field programs are now in prog­
ress to augment water resources in the western 
states by artificially seeding wintertime oro­
graphic cloud systems. Artificial ice nuclei, in 
the form of silver iodide smoke from ground- 
based and airborne generators, are released in 
the natural airstream where turbulence and con­
vection currents are expected to carry the ma­
terial into supercooled water clouds, and thus 
to initiate precipitation by the Gergeron ice
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38 crystal process. Studies have indicated that oro­
graphic cloud systems in which systematic con­
densation is caused by geographical obstacles are 
most suitable for seeding. However, the realiza­
tion of delivering the optimal distribution of 
seeding material to orographic cloud systems 
presents a complex theoretical and operational 
problem.

In order to help solve this complex pro- 
lem several questions need to be answered in 
a quantitative manner: Under given storm con­
ditions will artificial freezing nuclei reach the 
target area? How much of the target volume 
will be covered (i.e., what are the horizontal and 
vertical dimensions of the seeding plume) and 
in what concentrations? Is the seeding material 
getting into the clouds and at what concentra­
tions? What role do atmospheric stability, wind 
shear, orographic features, and other natural fac­
tors play in distributing the seeding material?

The overall purpose of this research is to 
help provide some answers for these questions 
by utilizing special meteorological wind tunnels 
as a tool to model the atmospheric planetary 
layer over mountainous terrain. The passive trac­
er material (Krypton-85) is released to simulate 
the silver iodide seeding material.

The wind tunnel or laboratory method con­
sists of making measurements of a dispersing 
tracer material over a scale model of selected 
terrain placed in a simulated atmospheric flow. 
Field measurements are used to confirm and/or 
correct the laboratory results.

At the present time, three topographic re­
gions where operational cloud seeding is in 
progress have been selected for the laboratory 
studies. These regions are the Eagle River Val­
ley-Climax region in the central Colorado 
Rockies, the Elk Mountain region in southern 
Wyoming, and the Wolf Creek Pass-Pagosa 
Springs region in the San Juan Mountains.

Scaled topographic models of each region 
have been made and placed in wind tunnels 
located in the Colorado State University Fluid 
Dynamics and Diffusion Laboratory. Three wind 
tunnels have been used for this research: the 
6' x 6' meterological wind tunnel capable of 
producing thermal and momentum boundary 
layers similar to the atmosphere, the 6' x 6' CSU 
wind tunnel, and the 12' x 7' environmental wind 
tunnel capable of accommodating large topo­
graphic and building models.

The laboratory results to date are encourag-

Model of Eagle River Valley-Climax region in 
low-speed wind tunnel (1:9600 scale).

ing. Measurements of model vertical and hori­
zontal dispersion patterns compare favorably 
with field results. Topographic effects on the 
transport of the seeding material have been veri­
fied by model and field results. Vertical con­
centration distributions for model and field have 
shown reasonable agreement.

Additional work is planned and needed to 
check further on the laboratory techniques. The 
present results reveal that this technique can 
help cloud seeding operational groups in test­
ing proposed seeding generator sites and can 
assist in providing information on targeting the 
seeding material where it will be the most ef­
fective.

This Bureau of Reclamation-sponsored re­
search is a cooperative effort between the Fluid 
Mechanics Program, the Civil Engineering De­
partment, and the Atmospheric Science Depart­
ment under the direction of Dr. J. E. Cermak and 
Professor L. O. Grant.

Hail Research. Every summer farmers in north­
eastern Colorado stand the chance of having 
their crops chopped and beaten beyond recog­
nition by hail. The incidence of hailstorms in 
this section of the state's breadbasket is higher 
than that of any other part of the nation. Within 



39the span of a few minutes, a single hailstorm can 
cause crop damage in the millions of dollars.

Atmospheric scientists at CSU have been 
studying hailstorms for the past decade. In the 
past three years, the university has joined with 
the National Center for Atmospheric Research 
and the Environmental Science Services Admin­
istration in Boulder in a joint hail suppression 
project.

CSU's portion of the project in northeastern 
Colorado is the development, testing, and use 
of an airborne rocket to be used to inject seed­
ing materials into hailstorms. The technique 
is similar to the Russian system, which uses artil­
lery shells fired from land-based units. Soviet 
scientists have reported a reduction of 60 to 
70 percent or more in the incidence of hail by 
using the artillery-shell method of seeding 
storms.

Plans call for the rocket to be fired into 
a hailstorm from a T33 jet aircraft. The univer­
sity has been using the aircraft for the past three 
years to gather data on the internal structure of 
the hailstorm and in the design and testing of 
the rocket seeding system. The development 
of cloud models will lead to better hailstorm 
forecasting methods and procedures.

The rocket will be fired at a point three 
miles from the target zone in the storm. Ground- 
based radar will be used to detect the hail-pro­
ducing portion of the storm and to guide the 
aircraft into firing position.

A time-delay fuse will explode the rocket 
as it reaches the hail genesis area of the cloud, 
releasing the silver iodide or lead oxide seed­
ing material. Depending on the storm's stage 
of development, the seeding is expected to elim­
inate the hailstorms or effectively reduce their 
size and ground damage potential. Since the 
CSU scientists are anticipating a dramatic change 
in the cloud's structure, they probably will know 
within a few minutes whether the seeding was 
successful.

Final testing of the rocket and its delivery 
system has been completed. All that remains 
is to acquire from the Federal Aviation Admin­
istration a restricted zone over northeastern 
Colorado where the rocket can be shot into hail­
storms. Actual seeding of storms is not antici­
pated before the summer of 1971.

Should the rocket technique prove success­
ful, it will have a profound beneficial economic 
impact on agriculture in northeastern Colorado 

and other areas plagued by hailstorms. One of 
the most immediate effects could be the reduc­
tion of crop insurance rates. Besides the ap­
parent benefits to agriculture in the state, all that 
is learned about hail suppression in northeastern 
Colorado should have application in many other 
regions of the world.

Large Continental Droughts. In September 1969 
the National Science Foundation awarded a new 
grant to Professor V. Yevjevich for the study of 
large continental droughts.

It is a known fact that large droughts occur 
from time to time over extensive areas with sig­
nificant economic damages and social conse­
quences. Understanding, computation, explan­
ation, and eventual prediction of droughts, 
measures of combating them, or eventual in­
surance against drought consequences are im­
portant topics of general water resources plan­
ning, design, and operation. Any meaningful 
research contribution in any of these areas will 
have significant practical consequences, since 
large continental droughts have eluded an ap­
propriate investigation for a long time. Pertinent 
answers on the recurrence interval, areal cover­
age, predictability, and physical causes of large 
droughts are still lacking in the knowledge of 
water resources engineering and economics.

The main objectives and the present lines 
of this research project are to contribute know­
ledge in three basic areas of drought investiga­
tion: analysis of stochastic processes which un­
derlie the drought occurrence, with methods de­
veloped and tested for computation of recur­
rences of droughts of various characteristics; at­
tempts for physical explanation of drought occur­
rence, primarily by ocean-continent interrelation­
ships in moisture supply and deposition, and the 
assessment of outlooks for the predictability of 
large continental droughts; and analysis of vari­
ous engineering and economic aspects of 
droughts, particularly the assessment of drought 
damages, drought-combating measures, and 
eventual insurance against droughts.

At present four graduate students are work­
ing as research assistants with Professor Yevje­
vich on this project.

In addition Professor Yevjevich, with the col­
laboration of Professors M. Siddiqui and Petar 
Todorovic and with five graduate students as 
research assistants, is conducting an investigation
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Hydrology research investigation of small water­
shed.

in stochastic structures of hydrologic series. Be­
cause of the need for a better understanding of 
river flow and precipitation patterns in time and 
space and river flow regulation problems and 
methods, the investigation of stochastic struc­
tures of hydrologic series is systematically under­
taken with the continuous support of the Na­
tional Science Foundation.

For better planning, design, and operations 
of river basin projects, especially of storage reser­
voirs and flood and drought controls, new in­
vestigative methods based on advanced scientific 
accomplishments became necessary for two pur­
poses: for an increased safety of water yields 
with a prescribed quality, and for a more eco­
nomical approach to the development of con­
servation of water resources. All planning, de­
sign, and operation of water resources projects 
must necessarily start from the basic characteris­
tics of river flows and precipitation, for which 
the appropriate mathematical descriptions and 
analyses are still lacking.

The sequence in time and distribution in 
space of river flow and precipitation are proc­
esses affected by climatic seasonal variations and 
river basin factors. The complexity of these 
phenomena has induced the hydrologists, as well 
as the practicing engineers, to apply almost ex­
clusively empirical methods in analyzing the 
properties of hydrologic variables obtained as 
observation records in the form of time series 
or areal distribution. The substantial progress 
in recent times in the theory of probability, 
mathematical statistics, and stochastic processes; 
the advent of digital computers; and the new 
methods of numerical analysis and new insights 
into river basin hydraulics and hydrology permit 

new approaches in the structural analyses of 
hydrologic series.

By using large samples of data on river flows 
and precipitation, many results have been pro­
duced which represent mathematical and mathe­
matical-physical descriptions of river flow and 
precipitation. The information is condensed in 
the number of mathematical models with their 
parameters estimated from data. New insights 
have been produced into the character and es­
timation of various properties of hydrologic ser­
ies. New contributions have been added to the 
river flow regulation. Several new results on 
various other topics involving the structure of 
hydrologic series have been published.

E. F. Schultz, in a project funded by the 
CSU Experiment Station, is developing a mathe­
matical model of floods in small watersheds.

A hydrologic data bank has been established 
at Colorado State University. The purpose of 
this project is to assemble and store in easy-to- 
process form high quality flood hydrographs 
measured from small watershed floods. These 
data are being used in a continuing research pro­
gram on floods from small watersheds. The data 
are stored on magnetic tape so that sorting can 
be rapidly accomplished by the computer and 
calculations can be efficiently completed.

At present time data have been assembled 
from about 700 different floods from watersheds 
smaller than 40 square miles in size located over 
the United States. Up to the present time, high 
quality data have been assembled only from 
small watersheds which have been undisturbed 
by man. Present plans call for adding data from 
watersheds in various stages of urban develop­
ment so that the advantages of an efficient data 
bank can be brought to bear upon the critical 
problems of urban flood hydrology.

In another project sponsored jointly by 
OWRR and CSU Experiment Station, E. F. Schultz 
and V. Yevjevich are gathering data from the 
CSU Experimental Rainfall-Runoff Facility which 
has verified the validity of the Kinematic Wave 
Theory as a means for deriving a hydrograph 
from flood-producing rainfall. The 120° conic 
section of the experimental watershed was re­
placed by a five element kinematic cascade of 
watersheds of decreasing width. The computed 
hydrograph was found to agree favorably with 
the observed runoff hydrograph. Because the 
flow is converging, it increases rapidly in the 
downstream direction and becomes turbulent.



41A study of the effects of surface roughness 
on the volume of detention storage on a given 
slope of the watershed is continuing.

In yet another project sponsored by the 
CSU Experiment Station, E. F. Schultz has built 
an experimental rainfall-runoff facility at Colo­
rado State University to study various analytical 
models for predicting the response of the water­
shed to flood-producing rainfall. An outdoor 
watershed has been constructed in which rain­
fall is created by the overlapping patterns of 
rainfall from a large number of lawn type sprink­
ler heads mounted on risers which are ten feet 
above the surface of the watershed. Rainfall 
rates of approximately 0.5, 1.0, 2.0, and 4.0 
inches per hour can be created over the water­
shed in a conic sector having an interior angle 
of 120°, a radius of 100 feet, and a uniform 
slope of 5%. The watershed surface has been 
carefully graded to the desired slope and covered 
by a butyl rubber sheet to protect the surface 
from erosion.

Work on the project is continuing. Two in­
tersecting plane surfaces are being added to the 
watershed.

M. E. Holland and E. F. Schultz, in a project 
sponsored by OWRR, are applying the principles 
of multivariate analysis to seek the important 
physiographic and geomorphic characteristics of 
natural catchments that influence the flood hy­
drographs which result when the watershed is 
subjected to heavy rainfall.

A thesis which has been completed indicat­
ed that the flood peaks can be related to a term 
called "radiality," which is a measure of the 
plane-view shape of the basin.

Predictability of Winds in the Lower Atmosphere. 
A major study to improve the predictability of 
winds in the lower atmosphere is being under­
taken by staff members of the Fluid Mechanics 
Program, Department of Civil Engineering. Sup­
port is provided through Project THEMIS and 
administered by the Fluid Dynamics Branch, Of­
fice of Naval Research.

The research effort is concentrated on ex­
perimental studies in flow facilities of the Fluid 
Dynamics and Diffusion Laboratory. Answers to 
several questions are being sought: How do 
nonuniform roughness and temperature of the 
earth's surface affect winds in the lower 600 
ft of the atmosphere? How do mountain and 
valley systems control atmospheric flow near the 

earth's surface? What kind of flow interactions 
are produced by jets flying into a boundary 
layer? How can flow characteristics measured 
in the laboratory be extrapolated to full-scale 
atmospheric conditions? Application of the new 
knowledge being generated may be made to 
the study of air pollution problems, agricultural 
problems of water utilization by transpiration 
and spreading of insecticides from airborne 
sources, aircraft flight problems during takeoff 
and landing, problems of electromagnetic energy 
propagation near the earth's surface, wind forces 
on structures, etc.

Staff members participating in this program 
include Drs. Cermak, Meroney, Nickerson, Sadeh, 
and Sandborn from the Civil Engineering De­
partment and Dr. Marlatt from the College of 
Forestry and Natural Resources.

Wind Loading on Structures. Tremendous forces 
can be produced by the wind, and the effect 
of these forces on structures can be disastrous. 
As early as the 17th century, Galileo and Newton 
discussed wind loading on buildings. The Tay 
Bridge diaster in 1879 and the more recent 
Tacoma Narrows Bridge collapse are classic ex­
amples of the dynamic effects of even moderate 
winds. The occassional strong leewinds along 
the eastern slope of the Rocky Mountains pro­
duce wind forces that cause much damage. Mod­
ern tall buildings are being made more and more 
flexible with great areas of glass and thin outer 
panelling, which make them extremely vulner­
able to wind damage.

The flow pattern around a building or struc­
ture is so complex that to date a complete theo­
retical formulation has not been possible. Due 
to the wind velocity gradient and turbulence 
within the atmospheric surface layer, both aver­
age and fluctuating forces and moments are of 
importance in finding the overall structural re­
sponse. In addition, instantaneous peak pres­
sures on the outer skin (glass windows and stone 
or metal panels) must be considered. The latter 
pressures are determined by turbulence in the 
oncoming wind, local separation at sharp corners 
of the building, wake of buildings immediately 
upstream, and local vortex generation on the 
building. Because the wind-loading problem is 
so complex, actual loading on specific structures 
can be determined only through carefully de­
signed model studies in special wind tunnels 
that are able to simulate the atmospheric flow.



42 The Fluid Mechanics Program of the De­
partment of Civil Engineering, under the direc­
tion of Dr. J. E. Cermak, has pioneered in the 
development of wind loading and its effects on 
structures through laboratory studies. The Fluid 
Dynamics and Diffusion Laboratory has develop­
ed meteorological and environmental wind tun­
nels that are particularly suited for simulating 
the flow around structures. These facilities have 
been used to study wind loading on the 1400 
ft high World Trade Center Towers in New 
York, the 800 ft high Bank of America Building 
in San Francisco, the 660 ft high Atlantic-Rich­
field Buildings in Los Angeles, and the 400 ft 
high Kaiser Building in Oakland.

A cooperative effort on a long-range funda­
mental study of wind loading on structures be­
tween the Fluid Mechanics Program and the 
Building Research Division, National Bureau of 
Standards, has been initiated. The initial study 
will include a program of pressure measurements 
on a full-scale structure and a model of the struc­
ture to confirm model-prototype relationships. 
Drs. Cermak, Sadeh, and Meroney are Colorado 
State University participants in this effort. Dr. 
R. D. Marshall, a graduate of Colorado State 
University who heads the Wind Loads Section, 
Building Research Division, directs the National 
Bureau of Standards research in this cooperative 
program.

Model of Fort Wayne, Indiana, prepared for wind and contaminant concentration measurements in the 
new environmental wind tunnel of the Fluid Dynamics and Diffusion Laboratory (1:4000 horizontal 
scale; 1:2000 vertical scale).
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proved water management pay on mountain 
meadows? CSU Exp. Sta. PR 69-23. July.

Hutchinson, C. L. and F. G. Viets, Jr. 1969. Nitro­
gen enrichment of surface water by absorp­
tion of ammonia volatilized from cattle feed­
lots. Science 166, 514-515. Oct.

James, N. I. and G. A. Smith. 1969. Effect of 
photoperiod and light intensity on flowering 
in sugar cane. Crop Sci. 9, 794-796. Nov. Dec.

James, N. I. and G. A. Smith. 1970. Factors af­
fecting stalk strength and flexibility in sugar 
cane. Agron. J. 62, 250-251. Mar.-April.

Kemper, W. D. and L. Noonan. 1970. Runoff 
as affected by salt treatments and soil texture. 
Soil Sci. Soc. Amer. Proc. 34,126-130. Jan.-Feb.

Klute, A. 1970. The movement of water in un­
saturated soils. Proc. First Int. Sem. for Hydro!. 
Prof., July 13-25, 1969, Urbana, III. 2. June.

Klute, A. and D. B. Peters. 1969. Water uptake 
and root growth. In: Root Growth, Proc. of 
15th Easter School, Univ. of Nottingham, 1968, 
105-131. Ed. by W. O. Whittington, Butter­
worths, London.

Langin, E. J. 1970. The effect of fertilizer on 
winter wheat production, Walsh, 1969. CSU 
Exp. Sta. PR 70-12. June.

Langin, E. J. 1970. The effect of nitrogen fer­
tilizer, number of irrigations, and plant popu­
lations on corn and grain sorghum production. 
CSU Exp. Sta. PR 70-14. June.

Langin, E. J. 1970. Effect of variety and time of 
irrigation on winter wheat production, Walsh,
1969. CSU Exp. Sta. PR 70-13. June.

Langin, E. J., R. E. Danielson, and J. O. Reuss.
1969. The effect of nitrogen fertilizer, num­
ber of irrigations, and plant population on 
corn and grain sorghum production. CSU Exp. 
Sta. PR 69-64. Aug.

Larsen, Roy G., et al. (D. S. Romine, Collab.
1969. Soil Survey, Crowley County, Colo. 
USDA-SCS in cooperation with CSU Exp. Sta.

Larson, Lynn S., Dale S. Romine, and Robert K. 
Dansdill. 1969. Soil Survey, Arapahoe County, 
Colo. USDA-SCS in cooperation with CSU 
Exp. Sta. and West Arapahoe Soil Cons. Dist., 
and Deertail Soil Cons. Dist.

Lindsay, W. L. and A. A. Parsa. 1969. Waste 
composts as chelating agents in plant nutri­
tion. PR. No. 1, Solid Waste Res. Grant No. 
UI-00570-02, Pub. Health Serv.

Mann, H. O. 1969. Broomcorn investigations. 
Sorghum Newsletter 12, 14.

Mann, H. O. 1969. Broomcorn variety test. CSU 
Exp. Sta. PR 69-62. Aug.

Mann, H. O. 1969. Corn yield test. CSU Exp. 
Sta. PR 69-63. Aug.

Mann, H. O. 1970. Broomcorn testing, Spring­
field. Sorghum Newsletter 13, 10.

Mann, H. O. 1970. Broomcorn variety test. CSU 
Exp. Sta. PR 70-20. June.

Mann, H. O. and A. D. Dotzenko. 1969. Alfalfa 
variety test. CSU Exp. Sta. PR 69-59. Aug.

Mann, H. O. and A. D. Dotzenko. 1970. Alfalfa 
variety test. CSU Exp. Sta. PR 70-15. June.

Mann, H. O. and J. R. Welsh. 1969. Winter 
wheat variety testing. CSU Exp. Sta. PR 69-66. 
July.

Mann, H. O. and J. R. Welsh. 1970. Winter 
wheat variety testing. CSU Exp. Sta. PR 70-19. 
June.

Mann, H. O. and D. R. Wood. 1969. Field bean 
variety tests. CSU Exp. Sta. PR 69-61. Aug.

Mann, H. O. and V. E. Youngman. 1969. Grain 
and forage sorghum tests. CSU Exp. Sta. PR 
69-68. Aug.

Mann, H. O. and V. E. Youngman. 1969. Grain 
sorghum cultural study. CSU Exp. Sta. PR 
69-60. Aug.

McCaslin, B. D., W. T. Franklin, and M. A. Dillon.
1970. Rapid determination of nitrate nitrogen 
in sugar beets with the specific ion electrode. 
J. Amer. Soc. of Sugar Beet Technol. 16, 65-70. 
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Norstadt, Fred A. and T. M. McCalla. 1969. Peni- 
cillium urticae bainier enumeration in soils. 
Plant and Soil 30, 129-133.

Norvell, W. A. and W. L. Lindsay. 1970. Lack of 
evidence for ZnSiO3 in soils. Soil Sci. Soc. Am. 
Proc. 34, 360. Mar.-April.

O'Connor, G. A. and W. D. Kemper. 1969. 
Quasi-crystals in Na-Ca systems. Soil Sci. Soc. 
Am. Proc. 33, 464-469. May-June.

Olsen, S. R. and F. S. Watanabe. 1969. Phosphate 
status of soils and requirements for fertilizer. 
Aplicacion de la energia nuclear al aumento 
do la productividad agricola, Union Panameri- 
cana, Wash., D. C. 1969, pp. 169-174.

Phillips, J. C. and V. E. Youngman. 1969. Effect 
of seed moisture content and sowing time on 
the yield of grain sorghum. Univ. of Nev. Tech. 
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Porter, L. K. 1969. Gaseous products produced 
by anaerobic reaction of sodium nitrite with 
oxime compounds and oximes synthesized 
from organic matter. Soil Sci. Soc. Am. Proc. 
33, 696-702. Sept. Oct.

Porter, L. K. 1969. Nitrogen in grassland ecosys­
tems. In; The Grassland Ecosystem (R. L. Dix 
and R. G. Beidleman, eds.) CSU Range Sci. 
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Porter, L. K. and B. A. Stewart. 1970. Organic 
interferences in the fixation of ammonium by 
soils and clay minerals. Soil Sci. 109, 229-233. 
April.

Reuss, J. O. 1970. Commercial fertilizer experi­
ments in Colorado, 1969. PR 18th Ann. Colo. 
Fert. Conf. Jan.

Reuss, J. O. 1970. Proper regulation of nitrogen 
necessary to get good beets. Through the 
Leaves 58:1, 4-5. Feb.

Reuss, J. O. 1970. Nitrate-nitrogen in the soil is 
helpful in measuring fertilizer needs. Colo. 
Rancher and Farmer 24, 14-15. Mar.

Reuss, J. O. and J. M. Geist 1970. Prediction 
of the nitrogen requirements of field crops. 
Part I. Theoretical models of nitrogen release. 
Agron. J. 62, 381-389. May-June.

Reuss, J. O. and E. J. Langin. 1969. Determin­
ation of optimum combinations of plant nutri­
ents. CSU Exp. Sta. PR 69-65. July.

Robinson, C. W. 1969. Yield and quality of 
sugar beets as affected by crop sequence-weed 
control. CSU Exp. Sta. PR 69-40. July.
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A. D. Dotzenko. 1969. Yields of grasses as 
affected by nitrogen fertility and harvest fre­
quency. CSU Exp. Sta. PR 69-29. July.

Rumberg, C. B. 1969. Yield and N concentra­
tion of meadow hay fertilized with three N 
sources. Agron. J. 61, 824-825. Sept.-Oct.

Rumberg, C. B. and Forrest A. Sneva. 1970. Ac­
cumulation and loss of nitrogen during growth 
and maturation of ceral rye (Secale cereale) 
Agron. J. 62, 311-313. May-June.

Schliebe, K. A., H. D. Moore, and A. D. Dot­
zenko. 1969. Irrigated forage crops. CSU Exp. 
Sta. PR 69-41. July.

Schliebe, K. A., H. D. Moore, and T. E. Haus.
1969. Irrigated barley variety tests. CSU Exp. 
Sta. PR 69-43. July.

Schliebe, K. A., H. D. Moore, and T. E. Haus.
1969. Oat variety tests. CSU Exp. Sta. PR 
69-44. July.

Schmehl, W. R., M. Dillon, and B. D. McCaslin.
1969. The use of polyethylene in the spring 
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Agr. Plastics Conf., 1969, 185-189. Oct.
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Shafer, S. L., J. C. Hoff, and T. E. Haus. 1969. 
Small grain tests. CSU Exp. Sta. PR 69-28. July.

Shafer, S. L., J. C. Hoff, and V. E. Youngman.
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69-27. July.
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conditions. CSU Exp. Sta. PR 70-10. May.
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features of Mountain Meadow Research Ranch 
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Timing and correlation of major developmental 
events in maize (Zea mays). L. Agron. J. 61, 14- 
17. Jan.-Feb.

Siemer, E. G. and F. M. Willhite. 1969. Grass­
legume hay yields, Mountain Meadow Re­
search Center, Gunnison, Colo. CSU Exp. Sta. 
PR 69-24. July.

Smith, G. A. and W. H. Foote. 1970. The effect 
of heterozygosity on phenotypic stability in 
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Smith, G. A. and N. I. James. 1969. Association 
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of leaf canopy modification on light penetra­
tion and dry matter production in sugar cane. 
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Northwest, Spokane, Wash. July. Also in: Sul­
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Cert. Potato Growers Ass'n., CSU Ext. Serv. Jan.
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Stewart, W. G. 1970. Triticale: what about it? 
At the Root of It. Colo. Ext. Serv., CSU. May
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L. IV. Inheritance of Type II self-compatibility 
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duced Mutations in Plants," Internatl. Atomic 
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Agriculturally Related Pollution and Fert. 
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Sci. and Water Cons. 24, 225-228. Nov.-Dec.
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gations in Colorado. Sorghum Newsletter 
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Abdul-Halim, Radhwan Khalifa. 1970. Salt Re­
moval by Three Leaching Methods. M.S. Ad­
viser: William T. Franklin.

Arp, Adrian Lynn. 1969. Weed Competition 
in Sugar Beets. Ph.D. Adviser: Alexander D. 
Dotzenko.

Campbell, Gene Weldon. 1970. Wheat Farm­
ers and Their Practices. M.Ag. Adviser: Don­
ald R. Wood.

Conway, James Terrill. 1970. Movement of 
Surface Applied Sodium into Soil. M.S. Ad­
viser: W. Doral Kemper.

Croissant, Robert Lee. 1970. Environmental Ef­
fects on Crop Maturity. M.Ag. Adviser: Vern
E. Youngman.

Gutierrez, Eliseo Carlos. 1969. Reclamation of 
a Salt-Affected Soil. M.S. Adviser: William T. 
Franklin.

Jolliff, Gary David. 1969. Ecological Studies of 
Campgrounds. Ph.D. Adviser: Alexander D. 
Dotzenko.

Klatt, Arthur Raymond. 1970. Effect of Environ­
ment on Hybrid Wheat. Ph.D. Adviser: 
James R. Welsh.

McCaslin, Bobby Duane. 1969. Planting Method 
and Sugar Beet Growth. M.S. Adviser: Wil­
lard R. Schmehl.

O'Connor, George Albert. 1970. Diffusion of 
Fe and Fe Chelates in Soil. Ph.D. Adviser: 
Willard L. Lindsay.

Parsa, Ali A. 1970. Solid Wastes as Zn Fer­
tilizers. Ph.D. Adviser: Willard L. Lindsay.

Pirasteh, Bahman. 1970. Weed Studies in Sugar 
Beet. M.S. Adviser: Alexander D. Dotzenko,

Rao, Palakurthi Suresh Chandra. 1970. Nitro­
gen Requirements of Sugar Beets. M.S. Ad­
viser: John O. Reuss.

Reeves, Dale Leslie. 1969. Phytoalexins in 
Beans. Ph.D. Adviser: Donald R. Wood.

Rey, Castilla Humberto. 1970. Irrigation of Field 
Beans. M.S. Adviser: Robert E. Danielson.

Stanley, Bernard Francis. 1969. Environmental 
Effects on Wheat Quality M.Ag. Adviser: 
Byrd C. Curtis.

Villamizar, Fernando. 1970. Nitrogen and Water 
Levels on Fescue-Grass. M.S. Adviser: Ken­
neth G. Brengle.

DEPARTMENT OF ANIMAL SCIENCE

Arije, G. F. and J. N. Wiltbank. 1969. Age and 
weight at puberty in Hereford heifers. Proc., 
West. Sec., Am. Soc. An. Sci. 20, 19-24.

Arije, G. F., J. N. Wiltbank, and A. H. Denham. 
1969. Initiation of puberty in beef heifers. 
Proc. West. Sec., Am. Soc. An. Sci. 20, 25-29.
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growth and milk production of beef females. 
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Brinks, J. S. 1970. 21st Annual Beef Cattle Im­
provement Day and Auction, CSU Exp. Sta. 
Gen. Ser. 906, May.

Chapman, Robert J. and J. K. Matsushima. 1970. 
Digestibility and feedlot performance of cattle 
fed extruded, flaked and whole shelled corn. 
Res. Highlights of the An. Sci. Dept., CSU Exp. 
Sta. Gen. Ser. 894. Feb.

Cramer, D. A., J. S. Brinks, and A. L. Hecker. 1970. 
Twin calf body composition and fat metab­
olism studies. Res. Highlights of the An. Sci. 
Dept., CSU Exp. Sta. Gen. Ser. 894. p. 24. 
p. 24.

Cramer, D. A., J. B. Pruett, R. M. Kattnig, W. C. 
Schwartz, and L. E. Wookey. 1970. Compari­
son of carcass characteristics of five breeds of 
sheep. Res. Highlights of the An. Sci. Dept., 

CSU Exp. Sta. Gen. Ser. 894. p. 1.
Dunn, T. G., J. E. Ingalls, D. R. Zimmerman, and 

J. N. Wiltbank. 1969. Reproductive perform­
ance of 2-year-old Hereford and Angus heifers 
as influenced by pre- and post-calving energy 
intake. J. An. Sci. 29:5, 719-726.

Heeney, M. W. 1970. Comparison of atgard and 
piperazine as swine wormers. Res. Highlights 
of the An. Sci. Dept., CSU Exp. Sta. Gen. Ser. 
894. p. 1.

Heeney, M. W., Gene Inlos, Bill Culbertson, and 
P. S. Pattengale. 1970. Feedlot performance 
testing. Res. Highlights of the An. Sci. Dept., 
CSU Exp. Sta. Gen. Ser. 894. p. 9.

Heeney, M. W. 1970. Nutrient composition of 
Colorado feedstuffs. Res. Highlights of the 
An. Sci. Dept., CSU Exp. Sta. Gen. Ser. 894. p. 
15.

Heeney, M. W. 1970. Proso or hog millet as a 
feed for swine. Res. Highlights of the An. Sci. 
Dept., CSU Exp. Sta. Gen. Ser. 894. p. 19.

Heeney, M. W. 1970. Wheat as a swine feed. 
Res. Highlights of the An. Sci. Dept., CSU Exp. 
Sta. Gen. Ser. 894. p. 25.

Hohenboken, W. D. and J. S. Brinks. 1969. Ef­
fect of environmental corrections on repeat­
ability of weaning weight in Angus. J. An. Sci. 
29, 534-540.

Johnson, J. E., J. M. Hartsuck, R. Zollinger, Jr., 
and F. D. Moore. 1969. Radiopotassium equi­
librium in total body potassium: studies using 
13K and 42K. Metabolism 18, 663-668.

Johnson, J. E., Tipton R. Tyler, and Gerald M.
Ward. 1969. Transfer of fallout cesium-137 
from feed to meat of cattle. J. An. Sci. 
29:5, 695-699.

Johnson, J. E., J. M. Hartsuck, and F. D. Moore. 
1969. Counting of 42K by cerenkov radiation. 
Health Physics 16, 755.

Kattnig, R. M., D. A. Cramer, and T. H. Hall. 1970. 
From conception through consumption. Res. 
Highlights of the An. Sci. Dept., CSU Exp. Sta. 
Gen. Ser. 894. p. 10. Also presented at Mt. 
Meadow Research Center Field Day, Gunnison, 
Colorado, Nov. 17, 1969.

Mangus, W. L. and J. S. Brinks. 1969. Factors 
affecting beef cow productivity. J. An. Sci. 
29, 109 (Abst.)

Matsushima, J. K., G. E. Kellogg, R. J. McLaren, 
and C. P. McCann. 1970. Processed grains for 
feedlot cattle. Res. Highlights of the An. Sci. 
Dept., CSU Exp. Sta. Gen. Ser. 894. Feb. 1970.

Matsushima, J. K. 1969. Selection, preservation, 
processing of feeds; ration formulation for the 
production of slaughter beef cattle. Paper for 
International Zootechnic Symposium, Milan, 
Italy. April 15, 16.

Matsushima, J. K. 1970. New developments in 
cattle feeding. Herd Bull Number of the 
Shorthorn World.

Matsushima, J. K. 1970. Feed processing for 
feedlot cattle. An. Nutr. and Health, May.

McCann, C. P., M. T. Lin, J. K. Matsushima, J. S. 
Brinks, and D. A. Cramer. 1969. DES implant, 
MGA and genetic effects on heifers. Proced- 
ings, West. Sec., Am. So. An. Sci. 20.

Miller, L. G. and D. A. Cramer. 1969. Metabo­
lism of naturally occurring and 14C-labeled tri­
glycerides in the sheep. J. An. Sci. 29, 738.

Olson, J. C., J. G. Nagy, and D. A. Cramer. 1969. 
Gastrointestinal pH values of mule deer. Proc., 
West. Sec., Am. Soc. An. Sci. 20, 223.

Sauer, N. G., D. A. Cramer, and J. V. Shutze. 
1969. The effect of dietary melengestrol ace­
tate (MGA) on body weight gain, percentage 
carcass fat and fatty acid composition of roast­
ing chickens. Poultry Sci. 48, 543.

Sutherland, T. M. and L. Ollivier. 1970. Etude 
de quelques causes de la variation de la con- 
sommation alimentaire du porc. Journees de 
la Recherche Porcine, Paris. Feb.

Thrall, B. E. and D. A. Cramer. 1970. Relation­
ships of blood serum lipids to body fats in 
beef cattle. Res. Highlights of the An. Sci. 
Dept., CSU Exp. Sta. Gen. Ser. 894. p. 21.



46 Wideman, D., D. G. LeFever, L. C. Faulkner, and 
J. N. Wiltbank. 1969. Subcutaneous implants 
for control of estrus. Proc., West. Sec., Am. 
Soc. An. Sci. 20, 13-16.

Wiltbank, J. N., C. W. Kasson, and J. E. Ingalls.
1969. Puberty in crossbred and straightbred 
beef heifers on two levels of feed. J. An. Sci. 
29, 602-605.

Wiltbank, J. N. 1969. Short breeding periods with 
the aid of estrus synchronization. Proc., Range 
Beef Cow, A Symposium on Production. Chad­
ron, Nebr. Dec. 15-17.

Wiltbank, J. N. 1969. Can reproductive perform­
ance in beef cows be improved? Mimeograph­
ed handout.

Wiltbank, J. N. 1969. Improving reproductive 
performance in beef cattle by varying energy 
intake. Proc, of Australian Beef Cattle Review 
Conference.

Wiltbank, J. N. 1970. Short breeding periods 
with the aid of estrus synchronization. Pre­
sented 4th Technical Conference N.A.A.B.

Wiltbank, J. N. and L. C. Faulkner. 1970. The 
management of beef breeding programs. Pub­
lished in Bovine Practitioner 5, p. 23. June.

Wookey, L. E., K. L. Wookey, D. A. Cramer, and 
D. M. Blaylock. 1969. Considerations involv­
ed in payability of reindeer. Proc. 20th Alas­
kan Sci. Conf., Fairbanks, Alaska, Sept. 1.

Wookey, K. L., L. E. Wookey, and D. A. Cramer.
1970. Quality studies on reindeer meat. Res. 
Highlights of the An. Sci. Dept., CSU Exp. Sta. 
Gen. Ser. 894. p. 20.
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Arije, Gabriel Folorunso. 1969. Puberty in Beef 
Heifers. M.S. Adviser. James N. Wiltbank.

Chapman, Robert John. 1970. Digestibility of 
Flaked-Extruded-Whole Corn. M.S. Adviser: 
John K. Matsushima.

Delay, Roger Lee. 1969. Energy Utilization at 
Hypobaria. M.S. Adviser: Kirvin L. Knox.

Hohenboken, William Daniel. 1970. Maternal 
Environment and Calf Growth. Ph.D. Advis­
er: James S. Brinks.

Lake, Robert Paul. 1970. Sucrose in Feedlot 
Cattle Rations. M.S. Adviser: John K. Mat­
sushima.

Mangus, Warren Lee. 1970. Factors Affecting 
Beef Cow Productivity. M.S. Adviser: James 
S. Brinks.

Metzler, Wesley Vessey. 1970. Ruminal Metabo­
lism of Lactic Acid. M.S. Adviser: Kirvin L. 
Knox.

Rice, Lawrence E. 1970. Dystocia in Cattle. M.S. 
Adviser: James N. Wiltbank.

Sprague, Eugene Arthur. 1969. Synchronization 
of Estrus in Beef Cattle. M.S. Adviser: James 
N. Wiltbank.

Thrall, Bernice Eileen. 1970. Interrelations of 
Beef Cattle Lipids. Ph.D. Adviser: David A. 
Cramer.

Wookey, Karen Lucille Morris. 1970. Some 
Quality Factors of Reindeer Meat. M.S. Ad­
viser: David A. Cramer.

DEPARTMENT OF AVIAN SCIENCES

Herrick, R. B. and C. F. Nockels. 1969. Effect 
of a high level dietary ascorbic acid on egg 
quality. Poultry Sci. 48, 1518-1519. July.

Miller, B. F. 1969. Biological digestion of manure 
by diptera. Feedstuffs. 41:51. Nov.

Moreng, R. E. 1969. Housing and management 
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density and auto-correlation measurements of 
in-utero irradiated Beagles. 1969 Annual Re­
port Collaborative Radiological Health Labora­
tory. EER69-70RJM-PDL-RJG-RCN1. Dec.

Morgan, R. J., Paul D. Lambert, R. C. Nealeigh, 
and R. John Garner. 1969. Variations with 
age of pulse-wave velocity in the descending 
aorta of the Beagle - a developmental study. 
1969 Annual Report Collaborative Radiological 
Health Laboratory. EER69-70PDL-RCN-RJG3. 
Dec.

Mowen, L. E. and L. M. Maxwell. 1970. The 
generalization of kirchhoff current and voltage 
equations to k-seg and k-circ equations. 13th 
Midwest Symposium on Circuit Theory, EEP69- 
70LEM-LMM15. May.

Nelson, Loyd F. and Carl W. Wilmsen. 1969. 
Waveguide analog method of determining 
equivalent rectangular tunneling barriers. 
Southwestern IEEE Record. EEP69-70LFN- 
CWW8.

Petrela, D. and A. Budak. 1969. Design data for 
ultra-spheric filters. IEEE Trans. on Circuit 
Theory. EEP69-70DP-AB3.

Wilmsen, Carl W., Erik G. Thompson, and George 
H. Meissner. 1970. Buckling of thermally 
grown SiO2 thin films. Southwestern IEEE Re­
cord. EEP69-70CWW-EGT-GHM11.

Wilmsen, C. W. and D. M. Mattox. 1970. Pin­
hole formation in RF sputter deposited glass 
films. Technical Memorandum, SC-TM-70-281, 
Sandia Laboratories, Sandia Corp. EEP69- 
70CWW9. April.

Wilmsen, C. W. 1969. Saturation in thin in­
sulator metal-insulator-silicon junctions. Rocky 
Mtn. Vacuum Society Meeting. EEP69- 
70CWW10.

Theses

Nelson, Loyd Forrest. 1970. An Analog to Quan­
tum Tunneling. M.S. Adviser: Carl W. Wilm­
sen.

Rybak, James Patrick. 1970. Microwave Reentry 
Plasma Diagnostics. Ph.D. Adviser: Russell J. 
Churchill.

DEPARTMENT OF 
MECHANICAL ENGINEERING

Atesmen, Kemal M., Lionel V. Baldwin, and Rob­
ert D. Haberstroh. 1970. The dispersion of 
matter in turbulent pipe flows. J. Basic Eng., 
ASME, MEP69-70KMA-LVB-RDH4. Feb.

Atesmen, Kemal M. 1970. The dispersion of 
matter in turbulent shear flow. J. Fluid Mech., 
MEP69-70KMA5. Feb.

Childs, Dara W., Byron D. Tapley, and Wallace 
T. Fowler. 1969. Suboptimal attitude control 
of a spin-stabilized axisymmetric spacecraft. 
IEEE Trans. on Automatic Control, AC14:6, 
MEP69-70DWC12. Dec.

Chow, W. W., A. G. Hardee, and Knox Millsaps. 
1969. Two simple calculations on the gross 
movements of human spermatozoa on the 
cervical surface. Mathematical Biosciences, 
5:3/4, MEP69-70WWC-AGH-KM2. Nov.

Edwards, H. W. and L. G. Brouwer. 1969. De­
termination of specific heats by gravimetric ice 
colorimetry. Chemistry. MEP69-70HWE-LGB19.
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54 Englert, Gerald W. 1970. Effect of coordinate 
space phenomena on end losses from, and 
distributions inside, magnetic mirror systems. 
J. Nuclear Fusion, Vienna. MEP69-70GWE9.

Englert, Gerald W. 1970. Physical interrelation 
between fokker-planck and random walk 
models with application to coulomb inter­
actions. Plasma Physics. MEP69-70GWE10.

Mennemeyer, Paul F. and C. Byron Winn. 1970. 
The determination of polar wandering and 
continental drift by laser ranging to satellites. 
AIAA Tech Conf., MEP69-70CBW-PFM3. Aug.

Millsaps, Knox. 1970. The round jet with swirl. 
Developments in Theoretical and Applied 
Mechanics, Vol. 8. MEP69-70KM8.

Olson, Hilding G. and Frederick G. Hammitt. 
1969. High-speed photographic studies of 
ultrasonically induced cavitation. J. Acoustical 
Soc. of America, 46:5, MEP69-70HG030. Nov.

Smith, F .W. and M. J. Alavi. 1969. Stress-in- 
tensity factors for a part-circular surface flaw. 
Proc. First International Conf. on Pressure 
Vessel Tech., ASME, Delft, Holland, MEP69- 
70FWS-MJA29. Sept.

Wilhelm, H. E. 1970. Analysis of nonlinear initial 
bound ary-value problems in recombination 
and diffusion kenetics. J. Chem. Phys. 52. 
MEP69-70HEW22.

Wilhelm, H. E. 1970. Analytical solution of the 
boundary-value problem for the nonlinear 
Helmholtz equation. J. of Math. Phys., 11:3, 
MEP69-70HEW14. March.

Wilhelm, H. E. 1970. Formulation of the un­
certainty principle according to the hydro­
dynamic model of quantum mechanics. Prog­
ress of Theoretical Physics, 43:4, MEP69- 
70HEW16. April.

Wilhelm, H. E. 1970. Hydrodynamic model of 
quantum mechanics. Phys. Rev., 189. MEP69- 
HEW23.

Wilhelm, H. E. 1970. Interrelation of static, mag­
netic, and dynamic turbulent pressures of a 
conducting fluid in a magnetic field. Phys. 
Rev. A., 1:2, MEP69-70HEW17. Feb.

Wilhelm, H. E. 1970. Kinetic theory of subsonic 
and supersonic transport processes for 
screened coulomb interactions. Zeitschrift fur 
Naturforschung, Band 25a, Heft 3. MEP69- 
70HEW15.

Wilhelm, H. E. 1970. Kinetic theory of subsonic 
and supersonic transport processes in weakly 
ionized glasses. II Nuovo Cimento, LXV. MEP 
69-70HEW20.

Wilhelm, H. E. 1969. Momentum and energy 
exchange between beams of particles inter­
acting by Yukawa-type potentials. Phys. Rev., 
187:1, MEP69-70HEW13. Nov. 5.

Wilhelm, H. E. 1970. Non-collective motion of 
electrons and ions in an electric field. Inter­
national J. of Electronics, 28:3. MEP69-70HEW 
18.

Wilhelm, H. E. 1970. Statistical theory of elec­
tron position equilibrium in a magnetic field. 
Astrophys. J., 159. MEP69-70HEW21.

Theses

Atesmen, Kemal Mehmet. 1970. Diffusion in 
Turbulent Shear Flows. Ph.D. Co-Advisers: 
Lionel V. Baldwin and Robert D. Haberstroh.

Hill, Edward Amon. 1969. Optimization of Ma­
chine Loading. M.S. Adviser: Sanford B. 
Thayer.

Kheir, Osman Mustafa M. 1970. Development 
of Small Industry in the Sudan. M.S. Adviser: 
Sanford B. Thayer.

Parker, Gayle Ashton. 1970. Electrical Power 
System Reliability. M.S. Adviser: Sanford B. 
Thayer.

Tao, Yee-Chee. 1969. Orbit Perturbations by 
Solar-Radiation. M.S. Adviser: C. Byron Winn.

DEPARTMENT OF
FISHERY AND WILDLIFE BIOLOGY

Almand, J. D. and D. R. Smith. 1970. Wildlife 
extension—and its special audiences. Ab­
stracts, Sixth Ann. Short Course in Game 
and Fish Mgt., Ft. Collins, Colo. 24-25.

Anderson, D. R. and R. S. Prospahala. 1970. Cor­
rection of bias in belt transect studies of im- 
motile objects. J. of Wildl. Mgt. 34:1, 141- 
146.

Baldes, Richard J. and Robert E. Vincent. 1969. 
Physical parameters on michrohabitats occu­
pied by brown trout in an experimental flume. 
Trans. Am. Fish. Soc. 98:2, 230-238.

Barber, T. A., J. G. Nagy, and T. A. May. 1969. 
Nutrition and dietary preference of penned 
sage grouse. Paper presented 6th Biennial 
Western States Sage Grouse Workshop. Rock 
Springs, Wyo. Sept. 3-5.

Barnhart, Roger A. 1969. Effects of certain vari­
ables on hematological characteristics of rain­
bow trout. Trans. Am. Fish. Soc. 98:3, 411- 
418.

Behnke, Robert |. 1969. The Lake Ohrid trout, 
Salmo letnica, and its potential as a new North 
American sport fish. Proc. West. Assn. St. 
Game and Fish Comm. 49, 207-208.

Curnow, R. D. 1969. Radioactive mallards. Colo. 
Outdoors. 18:6, 12-14.

Currie, P. O. and D. R. Smith. 1970. Response 
of seeded ranges to different grazing intensi­
ties in the Ponderosa Pine Zone of Colorado. 
USDA Prod. Res. Rep., 112.

Enright, C. A. 1970. Mallards in a marsh. Colo. 
Outdoors. 19:2, 8-11. Mar.-Apr.

Evans, K. E. and D. L. Gilbert. 1969. A method 
for evaluating greater prairie chickens habitat 
in Colorado. J. Wildl. Mgt. 33, 643-649.

Flickinger, Stephen A. 1969. Determination of 
sexes in the fathead minnow. Trans. Am. Fish. 
Soc. 98:3, 526-527.

Glover, Fred A. 1969. Bridging the supervisor 
worker chasm. Proc. Intl. Assn. Game, Fish 
and Parks Commissioners, New Orleans. 59, 
67-77.

Glover, Fred A. 1969. Birds in grassland eco­
systems. In R. L. Dix and R. G. Biedleman, 
(eds.) The Grassland Ecosystem, pp. 279-289. 
Proc. Information Project, Grassland Biome, 
U.S. Intl. Biol. Prog., CSU.

Glover, Fred A., D. Hibbs, and D. L. Gilbert. 1968. 
The mountain goat in Colorado. Trans. 34th 
N. Am. Wildl. and Nat. Res. Conf. 34, 409-418.

Glover, Fred A. 1970. Obituary - Thomas L. 
Morrow 1942-1968. J. of Wildl. Mgt. 34:1, 
244-245.

Gross, Jack E. 1969. Optimum yield in deer and 
elk populations. Trans. No. Am. Wildl. and 
Nat. Res. Conf. 34, 372-386.

Gross, Jack E. 1969. The role of small herbi­
vorous mammals in the functioning of the 
grassland ecosystem. In R. L. Dix and R. G. 
Biedleman (eds.). The Grassland Ecosystem, pp. 
268-278. Proc. Information Project, Grassland 
Biome, U.S. Intl. Biol. Prog., CSU.

Gross, Jack E. and Carl J. Walters. 1970. Sum­
mary report on initial small herbivorous mam­
mal modeling efforts. Pawnee Site, Grasslands 
Biome, Tech. Rep. No. 4, U.S. Intl. Biol. Prog., 
CSU.

Hagen, Harold K. 1970. Taking trout in the 
high lakes. Westways. 61:7,16-18.

Harper, William R. 1969. A literature review 
of anti-fertility substances. Special Rep. No. 
20, Colo. Div. of Game, Fish and Parks and 
Coop. Wildl. Research Unit.

Horak, Donald K. 1969. The effect of fin re­
moval on stamina of hatchery-reared rainbow 
trout. Prog. Fish. Cult. 31:4, 217-220.

Jewell, S. R. 1969. Analysis of pesticides by gas 
liquid chromotography. Presented at Nat'l. 
Convention, Nat'l. Assn, of Biol. Teachers. 
Tech. Paper 12.

Lackey, Robert T. 1969. Food interrelationships 
of salmon, trout, alewives, and smelt in a 
Maine Lake. Trans. Am. Fish. Soc. 98:4, 
641-646.

Lackey, Robert T. 1969. Shooting for better 
water. Colo. Outdoors. 18:6, 40-42. (Reprinted 
in Am. Fishes and U.S. Trout News. 1970. 
15:1, 12-14).

Lehner, Philip N. and Allan Egbert. 1969. Diel­
drin and eggshell thickness in ducks. Nature. 
224:5225, 1218-1219.

Lightner, D. and G. Post. 1969. Morphological 
characteristics of infectious pancreatic necrosis 
virus in trout pancreatic tissue. J. Fish. Res. 
Bd. of Canada. 26:8, 2247-2250.

Littlefield, C. D. 1970. Flightlessness in sandhill 
cranes. Auk 87:1, 157.

Marion, Wayne R. and Ronald A. Ryder. 1970. 
Diurnal raptors of the Pawnee National Grass­
land in northern Colorado. 50th Anniv. Meet. 
Southwestern and Rocky Mtn. Div. Am. Assn, 
for Advancement of Sci. Las Vegas, N. M. 
(Abs.). pp. 38-39.

Marti, C. D. 1970. Some comparisons of feeding 
ecology of four species of owls in north cen­
tral Colorado. U.S. IBP, Grasslands Biome. 
Tech. Rep. No. 27.

Marti, C. D. 1970. Some comparisons of the 
feeding ecology of four owls in north central 
Colorado. Southwestern Naturalist. 14, 163- 
170.

Marti, C. D. 1970. Renesting by barn and great 
horned owls. Wilson Bull. 81:4, 467-468.

Nagy, J. G., T. A. Barber, and A. E. McChesney.
1969. Clostridium perfringens interotoxemia 
in hand-reared antelope. J. Wildl. Mgt. 33:4, 
1032-1033.

Pakulak, A. J. and C. D. Littlefield. 1969. Breed­
ing status of whistling swans near Churchill, 
Manitoba. Wilson Bull. 81:4, 464-465.

Peterson, William J. 1969. A literature review 
on deer harvest. Spec. Rep. No. 22, Colo. Div. 
of Game, Fish and Parks and Coop. Wildl. Res. 
Unit.

Ryder, Ronald A. and Wayne R. Marion. 1970. 
Diurnal raptors of the Pawnee National Grass­
land in northeastern Colorado. 50th Anniv. 
Meet. Southwestern and Rocky Mtn. Div. 
Am. Assn. for Advancement of Sci. Las Vegas, 
N. Mex. (Abs.).

Ryder, Ronald A. and J. Brent Giezentanner.
1970. Productivity of birds on the Pawnee 
National Grassland in northern Colorado. 50th 
Anniv. Meet. Southwestern and Rocky Mtn. 
Division Am. Assn. for Advancement of Sci. 
Las Vegas, N. M. (Abs.).

Smith, Dwight R. 1968. The 4-H pheasant pro­
gram. Colo. Outdoors. 17:3, 42-44.

Smith, Dwight R. (ed.). 1969. Abstracts, Fifth 
Ann. Short Course in Game and Fish Mgt.

Smith, Dwight R. 1969. Selling wildlife extension 
at state and federal levels. 23-31. In Proc. 
Wildl. Ext. Spec. Session, 34th No. Am. Wildl. 
and Nat. Res. Conf., Washington, D. C.

Smith, Dwight R. 1969. Wildlife extension in 
Colorado. CSU Bull. IM 9-69.



55Smith, Dwight R. 1970. Challenges of managing 
wildlife in the Central Rockies, Proceedings, 
23rd Ann. Meet. Am. Soc. of Range Mgt. Den­
ver, Colo. p. 4.

Smith, Dwight R. (ed.). 1970. Abstracts, Sixth 
Ann. Short Course in Came and Fish Mgt.

Swanson, Gustav A., J. T. Shields, et al. 1969. Fish 
and wildlife resources on the public lands. 
Prepared by the Dept. Fishery and Wildl. 
Biol., CSU for the Public Land Law Review 
Commission. Jan. 1969 (Rev. Sept. 1969). PB187 
246-Vol. 1, 213 pp. PB187247-Vol. II, pp. 214- 
326 plus a 1-105. U.S. Dept. of Commerce 
Clearinghouse for Fed. Sci. and Tech. Informa­
tion, Springfield, Va.

Turner, Spencer E. 1970. Gourmet's delight— 
trout ala Turner. Missouri Conservationist, 
pp. 6-7.

Wainwright, Larry C. 1969. A literature review 
on cottontail reproduction. Spec. Rep. No. 19, 
Colo. Div. of Game, Fish and Parks and Coop. 
Wildl. Res. Unit.

Walters, Carl J. 1969. High lake research. Colo. 
Outdoors. 18:6, 36-39.

Walters, Carl J. 1969. A generalized computer 
simulation model for fish population studies. 
Trans. Am. Fish. Soc. 98:3, 505-512.

Yoakum, J. (ed.). 1969. Desert bighorn council 
1969 transactions. Desert Bighorn Council, 
Las Vegas, Nev.

Theses

Andrews, Austin Kent. 1970. The Life History 
of the Fathead Minnow. Ph.D. Adviser: 
Robert E. Vincent.

Braun, Clait E. 1969. Ecology of White-Tailed 
Ptarmigan. Ph.D. Adviser: Ronald A. Ryder.

Cooper, William Duffield. 1970. Physical Con­
dition of Mule Deer. M.S. Adviser: Douglas 
L. Gilbert.

Crosby, Chad Willis. 1970. Diphyllobothrium 
cordiceps Life Cycle. M.S. Adviser: George 
Post.

Duchrow, Richard Melvin. 1970. Measurement 
of Turbidity. M.S. Adviser: W. Harry Ever­
hart.

Flickinger, Stephen Albert. 1970. Production 
of Fathead Minnows for Bait. Ph.D. Adviser: 
Robert E. Vincent.

Fowler, Ronald Milford. 1969. Factors Influenc­
ing Antelope Harvest. M.S. Adviser: Fred A. 
Glover.

Gregory, Richard Wallace. 1969. Chemical 
Properties of Walleye Sperm. Ph.D. Adviser: 
Robert E. Vincent.

Horak, Donald Lee. 1970. Stamina and Sur­
vival of Rainbow Trout. Ph.D. Adviser: Ro­
bert E. Vincent.

Hughes, Joseph Henry. 1970. A Study of the 
Dry-Weight-Rank Method. M.S. Adviser: 
George M. Van Dyne.

Imler, Richard Lee. 1969. Radio Telemetry 
System for Fish. M.S. Adviser: Harold K. 
Hagen.

Kundaeli, John Nyka. 1969. Cottontail Response 
to P-J Removal. M.S. Adviser: Dwight R. 
Smith.

Ladd, Wilbur Newton, Jr. 1969. Duck Nesting 
in the Nebraska Sandhills. M.S. Adviser: 
Ronald A. Ryder.

Logsdon, Heywood Stevan. 1969. Desert Big­
horn Drug Capture Techniques. Ph.D. Ad­
viser: Dwight R. Smith.

Marnell, Leo Francis. 1969. Hooking Mortality 
of Cutthroat Trout. Ph.D. Adviser: Harold
K. Hagen.

May, Bruce Earl. 1970. Biota and Chemistry 
of Piceance Creek. M.S. Adviser: W. Harry 
Everhart.

McCall, Stephen Kim. 1970. Variation of Deer 
Fecal Pellets by pH. M.S. Adviser: Julius G. 
Nagy.

Murphy, Bruce Daniel. 1970. Antler Growth 
in Mule Deer. M.S. Adviser: Julius G. Nagy.

Peterson, William Joseph. 1969. Deer Kill as
Related to Hunter Access. M.S. Adviser: 
Fred A. Glover.

Pospahala, Richard Stephen. 1970. Waterfowl 
Production and Ecology. M.S. Adviser: Fred 
A. Glover.

Schmidt, John Lancaster. 1970. Population 
Dynamics of Mule Deer. Ph.D. Adviser: 
Harold W. Steinhoff.

Schmidt, Raymond Kyron, Jr. 1969. Breeding 
Behavior of Ptarmigan. M.S, Adviser: Ron­
ald A. Ryder.

Snavely, Michael Robinson. 1970. Toxaphene 
Poisoning in Lebistes Species. M.S. Adviser: 
George Post.

Stewart, Phillip A. 1970. Physical Features and 
Stream Trout. Ph.D. Adviser: Robert E. Vin­
cent.

Streeter, Robert Glen. 1970. Compared De­
mography of Bighorn Herds. Ph.D. Adviser: 
Fred A. Glover.

DEPARTMENT OF 
FOREST AND WOOD SCIENCES

Bacdayan, Andrew and R. S. Whaley. 1969. Sec­
ondary economic impact from water resources 
development. Utah Resource Ser. No. 50. Nov.

Bodig, J. 1969. Mechanical properties of Engel­
mann spruce in Colorado and Wyoming. For. 
Prod. J. 19:10, 53-59.

Bodig, J. 1969. Improved load-carrying capacity 
of wood in transverse compression. For. Prod. 
J. 19:12, 39-44.

Bodig, J. and J. R. Goodman. 1970. A new ap­
paratus for compression testing of wood. 
Wood and Fiber. 1:2, 146-153.

Borden, T. B. and H. E. Troxell. 1969. Use Colo­
rado wood fence posts for a profit. Colo. 
State For. Serv. and Dept. of For. and Wood 
Sci., CSU, and U. S. For. Serv., Denver.

Dyer, A. Allen, Harold Hiskey, N. K. Roberts, and 
R. S. Whaley. 1970. An approach to resource 
allocation on wildlands. Econ. Res. Center 
Study Paper 70-14, Utah State Univ. Jan.

Fechner, G. H. and R. W. Clark. 1969. Preliminary 
observations on hybridization of Rocky 
Mountain spruces. Proc. Comm. on For. 
Tree Breeding in Canada 11(Pt.2), 237-247. 
Macdonald College, Quebec.

Frayer, W. E. (ed.). 1970. Proceedings of the 
symposium on the development and imple­
mentation of courses and curricula in natural­
resources biometry. CSU.

Frayer, W. E. and J. E. Barnard. 1970. Introduc­
tion to elementary scientific Fortran Pro­
gramming for natural-resource biologists. Dept. 
of For. and Wood Sci., CSU.

Frayer, W. E. and D. B. Jones. 1970. Effect of 
estimated inputs on the output of a standard­
projection system - A Monte Carlo approach. 
Dept. of For. and Wood Sci., CSU.

Frayer, W. E. and E. E. Remmenga. 1970. Under­
graduate curricula in natural-resources bio­
metry at Colorado State University. In: Pro­
ceedings of the symposium on the develop­
ment and implementation of courses and cur­
ricula in natural-resources biometry. CSU. pp. 
13-21.

Frayer, W. E. and E. E. Remmenga. 1970. Gradu­
ate curricula in natural-resources biometry at 
Colorado State University. In: Proceedings of 
the symposium on the development and im­
plementation of courses and curricula in 
natural-resources biometry. CSU. pp. 22-24.

Hendricks, D. W., N. P. Dixon, and R. S. Whaley.
1969. System economic response to water 
quantity and quality - fundamental considera­
tions. Proceedings of the Fifth Ann. Conf. 
Am. Water Res. Assn. San Antonio, Tex. Oct.

Kass, A., F. F. Wangaard, and H. A. Schroeder.
1970. Chemical degradation of wood: the 
relationship between strength retention and 
pentosan content. Wood and Fiber. 2:1, 31- 
39.

Kellogg, R. M. and F. F. Wangaard. 1969. Vari- 
tion in the cell-wall density of wood. Wood 
and Fiber. 1:3, 180-204.

Kilborn, Kenneth. 1970. Colorado Forest Products 
Directory. State For. Serv., Ext. Serv. and Exp. 
Sta., CSU, Ft. Collins, and Div. of State and 
Private Forestry, U. S. For. Serv., Region 2, 
Denver.

Reid, C. P. P. and W. Hurtt. 1969. Root exuda­
tion of herbicides by woody plants: allelo- 
pathis implications. Nature. 255, 291.

Reid, C. P. P. and W. Hurtt. 1969. Translocation 
and distribution of picloram in bean plants 
associated with nastic movements. Plant 
Physiology. 44, 1393-1396.

Reid, C. P. P. and W. Hurtt. 1970. Root perme­
ability as affected by picloram and other chem­
icals. Physiologia Plantarum. 23, 124-130.

Shirley, F. C. 1969. Forest plantation investment, 
financial maturity, and the federal income tax. 
Ph.D. dissertation. Univ. of Michigan. Univ. 
Microfilms, Ann Arbor. Dec.

Sukwong, Somsak and Sompetch Mungkomdin.
1969. Yang (Dipterocarpus spp.) volume 
formulae. Vanasarn 27, 55-61. Bangkok.

Troxell, H. E. 1970. A Christmas tree study in 
the Denver metropolitan area. Am. Christmas 
Tree J. 14:2, 7-15.

Wangaard, F. F. 1969. Heat transmissivity of 
southern pine wood, plywood, fiberboard, 
and particleboard. Wood Sci. 2:1, 54-60.

Wangaard, F. F. and R. D. Behm. 1969. Uses of 
tropical woods. Proc. Conf. on Tropical Hard­
woods, Syracuse, N. Y. Aug. 18-21.

Theses

Adams, David Lewis. 1970. Stocking Levels for 
Lodgepole Pine. Ph.D. Adviser: Edwin W. 
Mogren.

Ashton, Peter Mark. 1970. Colorado Millwork 
Industry. M.S. Adviser: Frederick F. Wan­
gaard.

Baldwin, Virgil Clark, Jr. 1970. Moisture Stress 
in Pine Seedlings. M.S. Adviser: Charles W. 
Barney.

Geisler, David Charles. 1969. Comparative 
Strengths of Fence Posts. M.S. Adviser: Harry 
E. Troxell.

Hildreth, Steven Carson. 1970. A Study of 
Peridermium harknessii. M.S. Adviser: Gilbert 
H. Fechner.



56 Hutchison, Earl Russell. 1969. Popular Clonal 
Growth in Soilless Media. M.S. Adviser: Gil­
bert H. Fechner.

O'Halloran, Michael Reid. 1970. Nondestructive 
Tests of Lodgepole Pine. M.S. Adviser: 
Frederick F. Wangaard.

Schuldt, John Paul. 1970. Tensile Properties of 
Lodgepole Pine. M.S. Adviser: Frederick F. 
Wangaard.

Shuler, Craig Edward. 1970. Radiation Effects 
in Creep in Wood. Ph.D. Adviser: Harry E. 
Troxell.

Sukwong, Somsak. 1970. Precision of Forest 
Sampling. Ph.D. Co-Advisers: Warren E. 
Frayer and Edwin W. Mogren.

DEPARTMENT OF RANGE SCIENCE

Bledsoe, L. J. and D. A. Jameson. 1969. Model 
structure for a grassland ecosystem. In: The 
grassland ecosystem: a preliminary synthesis. 
CSU Range Sci. Ser. No. 2.

Bledsoe, L. J. and G. M. Van Dyne. 1969. Evalu­
ation of a digital computer method for analysis 
of compartmental models of ecological sys­
tems. Oak Ridge Nat. Lab. TM2414.

Cook, C. Wayne. 1969. Research, management 
and administration of the range ecosystem. 
Arid Lands Symposium, Paper No. 16. Aus­
tralia Acad. of Sci., Canberra City, Australia.

Cook, C. Wayne. 1969. Does your range meet 
livestock nutrition needs? Colo. Rancher and 
Farmer. 23:1, 18, 24.

Cook, C. W., P. Fox, and H. Mann. 1970. Range 
research progress report 70-27. CSU Exp. Sta. 
PR70-27.

Denham, A. H. and Phillip L. Sims. 1969. Protein 
and energy supplementation on short grass 
summer range. CSU Exp. Sta. PR69-55.

Denham, A. H., P. L. Sims, and J. D. Wallace. 
1969. The effect of rotational grazing of sand­
hill range on cow-calf production. CSU Exp. 
Sta. PR64-49.

Dick-Peddie, W. A. and W. H. Moir. 1970. Vege­
tation of the Organ Mountains, New Mexico. 
Range Sci. Dept., Science Ser. No. 4.

Dix, R. L. and R. G. Beidleman (eds.). 1969. The 
grassland ecosystem—a preliminary synthesis. 
CSU Range Sci. Dept., Sci. Ser. No. 2. Contains 
papers by following college faculty: Terwil­
liger, Moir, Van Dyne, Gross, Post, Glover, 
Striffler, Everson, Bledsoe, and Jameson.

Donart, G. B. and C. Wayne Cook. 1970. Carbo­
hydrate reserve content of mountain range 
plants following defoliation and regrowth. J. 
Range Mgt. 23,15-19.

Everson, A. C., D. Hyder, H. R. Gardner, and 
R. E. Bement. 1969. Chemical versus me­
chanical fallow of abandoned croplands. Wood 
Sci. 17:4,548-551.

Free, James C., Richard M. Hansen, and Phillip
L. Sims. 1969. Diet estimates from fecal ex­
aminations of herbivores. CSU Exp. Sta. PR69- 
50.

Free, James C., Phillip L. Sims, and Richard M. 
Hansen. 1969. Methods of estimating dry­
weight composition in diets of large herbi­
vores. CSU Exp. Sta. PR69-51.

Free, James C., Richard M. Hansen, Phillip L. 
Sims, and A. H. Denham. 1969. Diet estimates 
from fecal examination of herbivores. CSU 
Exp. Sta. PR69-50.

French, N. R. 1970. Chronic low-level gamma 
irradiation of a desert ecosystem for five years. 
In Grauby, A., fed.). Actes du Symposium Inter­
national de Radioecologie. Centre D'Etudes 
Nucleaires de Cadarache du 8 au 12 Sep- 
tembre 1969, pp. 1151-1165.

Green, N. E., L. D. Reed, and R. M. Hansen. 1969. 
Occurrence of small mammals on sandhill 
rangelands in Eastern Colorado. CSU Exp. Sta. 
PR69-47.

Hansen, R. M. and J. T. Flinders. 1969. Food 
habits of North American hares. CSU Range 
Sci. Dept., Sci. Ser. No. 1.

Hansen, R. M. and L. D. Reed. 1969. Energy 
assimilation in Richardson ground squirrels. 
Am. Midland Nat. 82, 290-293.

Hensen, R. M. N. E. Green, and D. R. Sparks. 
1969. Black-tailed jackrabbits on sandhill 
rangeland. CSU Exp. Sta. PR69-48.

Jameson, D. A. 1969. Stochastic stability and 
secondary succession. Paper presented to 
Ford Foundation Workship on 'Modelling Eco­
logical Influences of Weather Modifications."

Jameson, D. A. 1969. Land management policy 
and development of ecological concepts. Paper 
presented to U.S. For. Serv. Seminar.

Jameson, D. A. 1969. Rainfall patterns on vege­
tation zones in Northern Arizona. Plateau 
41:3,105-111.

Jameson, D. A. and J. D. Dodd. 1969. Herbage 
production varies with soil in the pinyon- 
juniper type of Arizona. U.S. For. Ser. Res. 
Note RM-131.

Kelly, J. M., P. A. Opstrup, J. S. Olson, S. I. Auer­
bach, and G. M. Van Dyne. 1969. Models of 
seasonal primary productivity in eastern Ten­
nessee Festuca and Andropogan ecosystems. 
Oak Ridge Nat. Lab. Publ. ORNL-4310, UC-48- 
Biology and Medicine, Oak Ridge, Tenn.

Kelly, J. M., P. A. Opstrup, J. S. Olson, S. I. Auer­
bach, and G. M. Van Dyne. 1969. Models of 

seasonal primary productivity in eastern Ten­
nessee Festuca and Andropogon ecosystems. 
Oak Ridge Nat. Lab. TM-4310.

Marquiss, R. W. 1969. Studies on Gambel's oak 
at the San Juan Basin Station. CSU Exp. Sta. 
PR69-38.

Marquiss, R. W. and C. W. Cook. 1969. Dryland 
seeded ranges for the San Juan Basin. CSU 
Exp. Sta. PR63-69.

Marquiss, R. W. and A. C. Everson. 1969. Per­
formance tests of dryland pasture grasses and 
alfalfa at the Hesperus Station. CSU Exp. Sta. 
PR69-42.

Moir, W. H. and E. P. Bachelard. 1969. Distribu­
tion of fine roots in three Pinus radiata planta­
tions near Canberra, Australia. Ecology 50:658- 
662.

Shaidaee, G., B. E. Dahl, and R. M. Hansen. 1969. 
Germination and emergence of different age 
seed of six grasses. J. Range Mgt. 22, 240- 
243.

Sims, Phillip L. 1969. Control of undesirable 
range plants. CSU Exp. Sta. PR69-58.

Sims, P. L. and A. H. Denham. 1969. Eastern 
Colorado Range Station climatic data 1956- 
1969. CSU Exp. Sta. PR69-46.

Sims, Phillip L. and A. H. Denham. 1969. Graz­
ing systems on sandhill rangeland. CSU Exp. 
Sta. PR69-56.

Sims, Phillip L. and A. C. Everson. 1969. Plant 
growth characteristics and palatability of warm­
season grasses. CSU Exp. Sta. PR69-53.

Uerkert, D. N. and R. M. Hansen. 1970. Seasonal 
dry-weight composition in diets of mormon 
crickets. J. Econ. Entom. 63, 96-98.

Van Dyne, G. M. 1969. Measuring quantity and 
quality of the diet of large herbivores. 
Chap. 5. In: Golley, F. B. and H. K. Buech­
ner, (eds.) A Practical Guide to the Study of 
the Productivity of Large Herbivores, pp. 54- 
94. Blackwell Sci. Publ, Oxford, England.

Van Dyne, G. M. 1969. A plea for fewer but 
more significant digits. J. Range Mgt. 22, 
52-53.

Van Dyne, G. M. 1969. Implementing the eco­
system concept in training in the natural re­
source sciences. Chap. 10. In: Van Dyne,
G. M., (ed.) The Ecosystem Concept in Natural 
Resource Management, pp. 327-367. Aca­
demic Press, N. Y.

Van Dyne, G. M. 1969. Some mathematical 
models of grasslands ecosystems. In: Dix, R. 
L. and R. G. Bieldleman, (eds.) The Grassland 
Ecosystem — A Preliminary Synthesis, pp. 3- 
26. CSU Range Sci. Dept., Sci. Ser. No. 2.

Van Dyne, G. M. 1969. The problem, need, and 
mode of synthesis in the grassland biome 
study. In Dix, R. L. and R. G. Biedleman, 
(eds.) The Grassland Ecosystem—A Prelim­
inary Synthesis, pp. 1-2. CSU Range Sci. 
Dept., Sci. Ser. No. 2.

Van Dyne, G. M. (ed.). 1969. The Ecosystem 
Concept in Natural Resource Management. 
Academic Press, N. Y.

Van Dyne, G. M. 1969. Grasslands management, 
research, and training viewed in a systems 
context. CSU Range Sci. Dept., Sci. Ser. No. 3.

Van Dyne, G. M. 1970. Animals in grasslands. 
McGraw-Hill Encyclopedia of Science and 
Technology.

Van Dyne, G. M., W. E. Frayer, and L. J. Bledsoe.
1969. Optimization techniques and problems 
in the natural resource sciences. In: Soc. Ind. 
Appl. Math. Studies in Applied Mathematics: 
Symposium on Optimization.

Van Dyne, G. M., W. E. Frayer, and L. J. Bledsoe.
1970. Some optimization techniques and 
problems in natural resource sciences. SIAM 
Studies in Optimization 1. Soc. Ind. Appl. 
Math., Philadelphia, pp. 95-124.

Vorhies, G. and D. A. Jameson. 1969. Fiber 
length in southwestern young-growth ponder- 
osa pine. For. Prod. J. 19:5, 52-55.

Theses

Beck, Reldon Franklin. 1970. Cattle Diets. Ph.D. 
Adviser: Richard M. Hansen.

Haferkamp, Marshall Roy. 1969. Effects of Fer­
tilizer on Big Bluegrass. M.S. Adviser: Charles 
Terwilliger, Jr.

Ueckert, Darrell Neal. 1970. Grasshopper Diets 
in Eastern Colorado. Ph.D. Adviser: Richard
M. Hansen.

DEPARTMENT OF RECREATION 
AND WATERSHED RESOURCES

Badaracco, R. J. 1970. Field management hand­
book to selected outdoor recreation areas of 
Colorado and the Southwest. College of For. 
and Nat. Resources, CSU.

Badaracco, R. J. 1970. Why not create a marsh? 
Parks and Rec. 5:6, 29-30.

Case, Stewart G. 1970. Where there's a will . . . 
there's a way! Colorado Municipalities, p. 80. 
Apr.



College of
Home Economics

Dils, R. E. and A. T. Wilcox. 1969. Professional 
training for Outdoor Recreation. In: Frontiers 
in Conservation. Proc. 24th Ann. Meet. Soil 
Cons. Soc. Am. pp. 116-118.

Fortner, A. Laurae. 1969. Recreation resource 
inventory; Fort Robinson State Park, Nebraska. 
Rocky Mtn.-High Plains Park and Rec. J. 4:3.

Gindel, I. 1969. Stomata constellation in the 
leaves of cotton, maize and wheat. Physiologia 
Plantarum 22,1143-1151.

Gindel, Israel. 1969. Making the desert bloom. 
Am. For. 75:9, 32-35, 77-78.

Gindel, I. 1970. The ecodynamics of forest water 
relationships in arid climates. Sci. Ser. No. 1. 
Dept. of Rec. and Watershed Resources, Col­
lege of For. and Nat. Resources, CSU.

Held, R. Burnell, Stanley Brickler, and Arthur T. 
Wilcox. 1969. A study to develop practical 
techniques for determining the carrying ca­
pacity of natural areas in the National Park 
System. Center for Res. and Ed. Estes Park, 
Colo.

Holstener-Jorgensen, H. and L. M. Eiselstein. 
1968. The influence of the type and diameter 
of observation wells on ground-water level 
measurements. Det Forstlige Forsogsvaesen i 
Danmark 31-241, 33-48.

Holstener-Jorgensen, H., L. M. Eiselstein, and M. 
B. Johansen. 1968. En undersogelse af vari- 
ationerne i grundvanstandon i maj maned i 
en 90-arig bogebevoksning pa leret moraene 
med hojtstaende grundvand. Det Forstlige 
Forsogsvaesen i Danmark 31:240,15-30.

Holstener-Jorgensen, H., L. M. Eiselstein, and M. 
B. Johansen. 1968. A comparison of record­
ings of ground-water tables and soil-moisture 
measurements by neutron-scattering device on 
a clayey moraine with a high water table. Det 
Forstlige Forsogsvaesen i Danmark 31:242, 
51-70.

Judy, Clark, J. R. Meiman, and Irving Friedman.
1970. Deuterium variations in an annual snow­
pack. Water Resources Res. 6:1, 125-129.

Megahan, W. F., J. R. Meiman, and B. C. Goodell. 
The effect of albedo-reducing materials on net 
radiation at a snow surface. Bull. lnt. Assn. 
Sci. Hydrol. 15:1,69-80.

Meiman, J. R. 1970. Snow and ice hydrology 
workshop. EOS 51:1, 29-30.

Meiman, J. R. 1970. Proceedings of the Work­
shop on Snow and Ice Hydrology at CSU. 
Aug. 18-22, 1969. CSU.

Miller, Lee D. 1969. Measurement of resouce 
environments with airborne thermal mappers - 
where do we stand? Proc. of Symposium on 
Information Processing. Purdue Univ. pp. 
746-763.

Miller, Lee D. and Charles F. Cooper. 1969. 
Analysis of environmental and vegetative grad­
ients in Yellowstone National Park from re­
mote multispectral sensing. Remote Sensing 
in Ecology. Univ. of Georgia Press, Athens, 
Ga. Chap. 7, pp. 108-131.

Porter, D. E. and S. L. Smith. 1970. Old Main 
at Colorado State University: monument to 
the past - inspiration for the future. Dept. 
Rec. and Watershed Resources, CSU.

Rango, Albert 1970. Possible environmental re­
sponse to weather modification. Preprint: Am. 
Meteorological Soc., Second Nat. Conf. on 
Weather Modification, Apr. 6-9, 1970. Santa 
Barbara, Calif. pp. 411-413.

Sorenson, D. M. and S. G. Case. 1969. Trade 
areas study. Coop. Ext. Serv., CSU.

Spangenberg, N. E. 1970. Public attitudes toward 
watershed management. J. Soil and Water 
Cons. 24:6, 232-234.

Striffler, W. D. 1970 The Grassland Hydrologic 
Cycle. In: The Grassland Ecosystem. Range 
Sci. Dept., Sci. Ser. No. 2, pp. 101-116.

Teller, H. L. 1969. Forest influences in the hydro­
logic cycle and forest hydrology research. Hy­
drological Data for Water Resources Planning. 
UNESCO - Czechoslovakia International Post­
graduate Training Courses, 1968 Lectures 3, 
101-187.

Warner, M. L. 1969. The resource game: a tool 
for the training of resource managers. Rocky 
Mtn.-High Plains Park and Rec. J. 4:2.

White, D. E. and L. D. Miller. 1969. Geothermal 
infrared anomalies of low intensity, Yellow­
stone National Park. Report on Mission Re­
sults, NASA Aircraft Project - Earth Resources 
Program, Manned Spacecraft Center.

Wilcox, A. T. and G. C. Cummins. 1969. General 
recreation development plan Fort Robinson 
State Park. Dept. Rec. and Watershed Re­
sources, CSU.

Theses

Brickler, Stanley Keith. 1970. Park Visitor Classi­
fication system. Ph.D. Adviser: R. Burnell 
Held.

Dourojeanni, Axel Charles. 1969. Hydrologic 
Soil Study of a Watershed. MS. Adviser: 
Robert E. Dils.

Froehlich, Henry August. 1970. Forest Snow 
Accumulation Factors. Ph.D. Adviser: James 
R. Meiman.

Rice, Raymond Martin. 1970. Storm Runoff From 
Chaparral Watersheds. Ph.D. Adviser: James 
R. Meiman.

Swift, David Munson. 1970. Summer Precipita­
tion and Streamflow. M.S. Adviser: James R. 
Meiman.

Weber, Bruce Edward. 1970. Some Critical Fac­
tors in Park Location. M.S. Adviser: R. Burnell 
Held.

Zoghet, Mouine Fahed. 1969. Alpine Surface 
Soil Movement. Ph.D. Adviser: William D. 
Striffler.

DEPARTMENT OF 
CHILD DEVELOPMENT AND 

FAMILY RELATIONSHIPS
Theses

Steinkruger, llene June Albrecht. 1969. Pre­
school Programs and Parental Usage. M.H.E. 
Adviser: Nancy A. Hoddick.

DEPARTMENT OF CONSUMER 
SCIENCES AND HOUSING

Theses

Loose, Karen Elizabeth Hall. 1970. Home Out­
door Living Area for Aging Arthritics. M.H.E. 
Adviser: Avis M. Woolrich.

Palmer, Suzanne Marie. 1969. Family Invest­
ments in Education. M.H.E. Adviser: May E. 
Combs.

DEPARTMENT OF 
FOOD SCIENCE AND NUTRITION

Angel, S. and A. Kramer. 1969. Relation of 
rheological properties of testa of pisum sati­
vum L. to histological changes. J. of Texture 
Studies 1, 90-118.

Chang, I. H., J. Harrill, and E. D. Gifford. 1969. 
Influence of zinc and vitamin D on bone con­
stituents of the rat. Metabolism 18:7, 625-629.

Dupont, J. 1970. Cholesterol turnover in rats. 
J. Am. Oil Chemists' Soc. 47. (Abs.).

Dupont, J. and M. M. Mathias. 1969. Bio-oxida­
tion of linoleic acid via methlmalonyl-CoA. 
Lipids. 4:478.

Jansen, G. R. 1970. Amino acid supplementation 
and the world food problems. In Evaluation 
of Novel Protein Products edited by A. E. 
Bender, R. Kihlberg, B. Lofgvist and L. Munch. 
Wenner-Gren Center lnt. Symposium Ser. 
14:105. Pergammon Press, N. Y.

Jansen, G. R. and C. F. Hutchison. 1969. Pro­
duction of hypothalmic obesity by micro­
surgery. Am. J. Physiol. 217:2, 487-493. Aug.

Jansen, G. R., M. E. Zanetti, and C. F. Hutchison.
1970. Synthesis of cholesterol from glucose - 
U-14C in the liver and extrahepatic tissues of 
the mouse. Arch. Biochem. Biophys. 138:433.

Jansen, G. R., M. E. Zanetti, C. F. Hutchison, F. 
J. Andriuli, and E. E. Howe. 1969. The effect 
of cholanic acid on sterol and fatty acid syn­
thesis. Arch. Biochem. Biophys. 134, 185-195.

Lakhanpal, R. K., I. Harrill, and F. Bowman. 1969. 
Effect of protein and riboflavin on plasma 
amino acids and hepatic riboflavin-coenzymes 
in the rat. J. Nutr. 99:4,497-501. Dec.

Lee, V. A. and V. E. Trevorrow. 1970. Serum 
cholesterol. In Human Growth and Develop­
ment by R. W. McCammon. Charles C. 
Thomas, Springfield, III.

Riley, D. R., I. Harrill, and E. D. Gifford. 1969. 
Influence of zinc and vitamin D on plasma 
amino acids and liver xanthine oxidase in rats. 
J. Nutr. 98:3, 351-355. July.

Theses

Cross, Nanna Ailene. 1970. Vitamins A and E 
and Phenylalanine. M.S. Adviser: Inez K. 
Harrill.

Foltz, Sharon Kay. 1970. Texture of Apples. 
M.S. Adviser: Feme Bowman.

Hilmoe, Mary Jane Rudd. 1970. Food prefer­
ences of Nursing Home Residents. M.H.E. 
Adviser: Gertrude G. Blaker.

Hsin, In-May Sunny. 1970. Reduction of Oxida­
tion in Raw Beef. M.S. Adviser: Feme Bow­
man.

Lake, Verna Nareen Philp. 1970. Cyclamate and 
Tissue Constituents. M.S. Adviser: Inez K. 
Harrill.

Seshadri, Subathra. 1969. Nutrient Intake of 
Foreign Students. M.S. Adviser: Inez K. Har­
rill.

Shipman, Dolores Elaine Stebleton. 1969. Nu­
tritional Intake During Pregnancy. M.H.E. 
Adviser: Inez K. Harrill.

DEPARTMENT OF 
TEXTILES AND CLOTHING

Margerum, B. Jean, Laura Vance, and Orpha Her­
rick. 1969. Selection of Water Temperature 
for Laundering White Cotton Fabric. L26. May, 
1969. Coop. Ext. Serv., Univ. of Nev.

57



College of 
Humanities and 
Social Sciences

58 Theses

Isaac, Janice Kay MuelIer. 1969 Performance 
of Selected Carpets. M.S. Co-Avisers: Mar­
garet Baer and Patricia A. Wilson.

Loflin, Alma Ann McArthur. 1970. Appearance 
and Self Concept. M.A. Adviser: Margaret 
Baer.

Wenger, Judith Ann Bottiger. 1969. Clothing 
Fit and Body-Image. M.S. Adviser: Margaret 
Baer.

ART

Berland, John C. Centennial Show. Colorado 
State University, Fort Collins, Colorado. (Ex­
hibition).

Berland, John C. Commission Portrait. West 
Georgia College. Carrollton, Ga.

Berland, John C. Faculty Show. Colorado State 
University. Fort Collins, Colo. (Exhibition).

Berland, John C. Two-Man Show. Hastings Col­
lege. Hastings, Neb.

Brownlee, George H. Centennial Show. Colo­
rado State University. Fort Collins, Colorado.

Brownlee, George H. Eighteenth Exhibition of 
Southwestern Prints and Drawings. Dallas 
Museum of Fine Arts. Dallas, Texas. (Regional 
Tour).

Brownlee, George H. 41st International Print 
Exhibition. Seattle Museum. Seattle, Wash­
ington.

Brownlee, George H. Ninth Colorado Invitational 
Symposium. Southern Colorado State College. 
Pueblo, Colorado.

Brownlee, George H. One-Man Print and Draw­
ing Show. Boulder County Public Library Gal­
lery. Boulder, Colo.

Brownlee, George H. One-Man Print Show. Col­
lege of Southern Idaho. Twin Falls, Idaho.

Brownlee, George H. One-Man Print Show. Uni­
versity of Arizona Gallery. Tucson, Arizona.

Brownlee, George H. Wichita Art Association 
National Graphic Arts and Drawing Exhibition. 
Wichita, Kansas.

Ellerby, David. Centennial Show. Colorado State 
University. Fort Collins, Colorado.

Ellerby, David. Drawings on Commission. The 
Gallery. Denver, Colo.
Ellerby, David. Faculty Show. Colorado State 

University. Fort Collins, Colorado.
Ellerby, David. National Print and Drawing Ex­

hibition. Minot State College. Minot, North 
Dakota.

Ellerby, David. New Faculty Show. Colorado 
State University. Fort Collins, Colorado.

LaPlantz, David M. Centennial Show. Colorado 
State University. Fort Collins, Colorado. 
(Award).

LaPlantz, David M. Faculty Exhibition. Colorado 
State University. Fort Collins, Colorado.

LaPlantz, David M. "Goldsmith '70" Exhibition. 
International Metals Show, St. Paul Art Center. 
St. Paul, Minnesota. (Award).

LaPlantz, David M. Group Show. The Callery. 
Denver, Colorado.

LaPlantz, David M. Michigan Artist-Craftsmen 
Show. Detroit Institute of Arts. Detroit, Michi­
gan. (Award).

LaPlantz, David M. National Sterling Silver De­
sign Competition, New York City, New York. 
Museum of Contemporary Crafts. (Traveling 
Show).

LaPlantz, David M. New Faculty Show. Colorado 
State University. Fort Collins, Colorado.

LaPlantz, David M. "Young Americans." Albu­
querque, New Mexico and at the Museum of 
Contemporary Crafts in New York City. (Travel­
ing Show). (Award).

Risbeck, Philip E. Art Directors Club of Denver 
Annual Show. Mile-High Center Gallery. Den­
ver, Colorado.

Risbeck, Philip E. Art Directors Club of Kansas 
City Annual Show. Commerce Tower Garden 
Gallery. Kansas City, Missouri. (Two Awards).

Risbeck, Philip E. Art Directors Club of Okla­
homa City Annual Show. Oklahoma Advertis­
ing Club Gallery. Oklahoma City, Oklahoma. 
(Award).

Risbeck, Philip E. Art Directors Club of Tulsa 
Annual Show. Southern Hills Country Club 
Gallery. Tulsa, Oklahoma.

Risbeck, Philip E. Faculty Show. Colorado State 
University. Fort Collins, Colorado.

Risbeck, Philip E. 1969. Five posters reproduced. 
Graphics Annual 1969-70. International Annual 
of Advertising Graphics, The Graphics Press. 
Zurich, Switzerland. October, 1969.

Risbeck, Philip E. Fourth International Biennale 
of Graphic Design. Brno, Czechoslovakia 
(CSSR).

Risbeck, Philip E. One-Man Exhibition of Posters. 
College Union Gallery. Western Connecticut 
State College. Danbury, Connecticut.

Risbeck, Philip E. One-Man Exhibition of Posters. 
Memorial Student Union Gallery. Kearney 
State College. Kearney, Nebraska.

Risbeck, Philip E. One-Man Exhibition of Posters. 
St. Paul Campus Student Center Gallery. Uni­
versity of Minnesota. St. Paul, Minn.

Risbeck, Philip E. One-Man Exhibition of Posters. 
Student Union Gallery. Cochise College. Doug­
las, Arizona.

Risbeck, Philip E. One-Man Exhibition of Posters. 
Village Center Gallery. Florida Technical Uni­
versity. Orlando, Florida.

Risbeck, Philip E. One-Man Exhibition of Posters. 
College Center Gallery. Casper College. Cas­
per, Wyoming.

Risbeck, Philip E. One-Man Exhibition of Posters. 
Student Union Art Center. Juniata College. 
Huntingdon, Pennsylvania.

Risbeck, Philip E. One-Man Exhibition of Posters. 
Student Union Gallery. University of Missouri, 
Rolla, Missouri.

Risbeck, Philip E. One poster reproduced. "The 
Denver Show." CA Magazine. Palo Alto, Cali­
fornia. 11(4).

Risbeck, Philip E. Third International Poster Bien­
nale. Zacheta Galley of Art. Warsaw, Poland.

Walker, Norma E. Centennial Show. Colorado 
State University. Fort Collins, Colorado.

Wassell, Harold J. Centennial Show. Colorado 
State University. Fort Collins, Colorado.

Wassell, Harold J. Faculty Exhibition. Colorado 
State University. Fort Collins, Colorado.

Wassell, Harold J. National Automotive Art Ex­
hibition. Riverside Art Museum. Riverside, 
California.

Wassell, Harold J. One-Man Show. The Brena 
Gallery. Denver, Colorado.

Wassell, Harold J. One-Man Show. Kansas State 
Teachers College. Emporia, Kansas.

Wassell, Harold J. Sixth National Sculpture Con­
ference. Small Sculpture Exhibition, Univer­
sity of Kansas. Lawrence, Kansas.

Wassell, Harold J. Two-Man Show. Colorado 
State University, Fort Collins, Colorado.

Yust, David. Centennial Show. Colorado State 
University. Fort Collins, Colorado. (Award).

Yust, David. 11th Biennial Exhibition of Regional 
Art, Friends of Art. Kansas State University. 
Manhattan, Kansas.

Yust, David. Faculty Show. Colorado State Uni­
versity. Fort Collins, Colorado.

Yust, David. Group Show. The Fountain Gallery 
of Art. Portland, Oregon.

Yust, David. Group Show. Square Frames Limit­
ed Gallery. Denver, Colo.

Yust, David. Ninth Colorado Art Exhibit. Southern 
Colorado State College. Pueblo, Colorado.

Yust, David. One-Man Exhibition. Exhibition in 
Colorado State University Library. Fort Collins, 
Colorado.

Yust, David. One-Man Exhibition. Hays Kansas 
State College. Hays, Kansas.

Yust, David. One-Man Exhibition. The Little 
Gallery. Kansas City, Kansas.

Yust, David. One-Man Exhibition, Maude I. Kerns 
Art Center. Eugene, Oregon.

Yust, David. Poudre Valley Art League Invita­
tional. Fort Collins, Colorado.

Yust, David. Two-Man Show. Colorado State Uni­
versity. Fort Collins, Colorado.

ECONOMICS

Anderson, R. N. and K. C. Nobe. 1969. Resource 
economists as spokesmen for the sensitive 
minority. Proc. 42nd Annual Meeting, West. 
Agr. Econ. Assoc., Corvallis, Ore. July.

Biggs, H. H. 1970. Devaluations, inflation and 
relative price changes for agricultural exports: 
Argentina, 1959-67. Ph.D. Dissertation at Van­
derbilt Univ.

Dicker-man, A. R., G. Radosevich, and K. C. Nobe. 
1970 Foundations of federal reclamation poli­
cies: a historical review of changing goals and 
objectives. Dept. of Econ., Colo. State Univ., 
NRE-8, Ft. Collins, Colo.

Fan, Liang-Shing. 1969. Note on trade and dis­
tribution of international reserves. The Indian 
Econ. J. 16:4-5.

Fan, Liang-Shing. 1969. Response lags and atti­
tude of rural banks in a tight money market. 
Rocky Mt. Social Science J. 6:2.

Fan, Liang-Shing and J. A. Nordin. 1969. Inferior 
goods, Giffen Paradox and physiological re­
quirements. Indian Econ. Rev. 4 (New Ser­
ies):2.

Fan, Liang-Shing. 1970. A conceptual framework 
for analyzing economics of vertical integra­
tion: comment. Amer. J. of Agr. Econ. 52:1.

Fan, Liang-Shing. 1970. Some observations on 
central banking in Asia. The Philippine Econ. 
J. 9:1.

Fan, Liang-Shing. 1970. Stages of development, 
regional characteristics and the demand for 
international reserves. Nebraska J. of Bus. and 
Econ. Spring.

Gilbert, A. H. and K. C. Nobe. 1969. Annual 
gross values of hunting and fishing expendi­
tures in Colorado, 1968. Dept. of Econ., Colo. 
State Univ., NRE-5, Ft. Collins, Colo.

Gray, S. Lee. 1970. Economic effects of diver­
sion of the Columbia River. Ph.D. dissertation. 
Wash. State Univ., Pullman, Wash.

Haynes, William W. and Henry J. Hudek. 1969. 
instructor's Manual, Managerial Economics: 
Analysis and Cases. (Revised Edition) Business 
Pub. Inc., Austin, Texas.

Huszar, Paul C., D. W. Seckler, and D. D. Rohdy. 
1969. Economics of irrigation system consoli­
dation. Colo. State Univ. Exp. Sta. Tech. Bull. 
105. Dec.

Huszar, Paul C., Melvin D. Skold, and R. E. Dan­
ielson. 1970. Evaluation of irrigation water and 
nitrogen fertilizer in corn production. Colo. 
State Univ. Exp. Sta. Tech. Bull. 107. Jan.



59Lewis, J. H., J. Hugh Winn, and D. E. Williams.
1970. Member attitudes and opinions as they 
relate to certain Colorado agricultural cooper­
atives. Dept. of Econ. Misc. Ser. 1, Ft. Collins, 
Colo. Apr.

Madsen, A. C. 1969. Statistics, opportunities and 
the livestock industry. The Colo. Cattlemen's 
Handbook. Aug.

Madsen, A. G, 1969. Missed target in boycotting 
beef. Colo. Agr. Roundup. Winter.

Madsen, A. G. and R. G. Walsh. 1969. Conglom­
erates: economic conduct and performance. 
Amer. J. of Agr. Econ. Dec.

Madsen, A. G. and Kleinschmit. 1970. Pilot 
study of plywood distribution and use in the 
Phoenix trade area. For. Serv. Bull. June.

McKean, J. R. 1969. Regional differences in the 
finance and production of college education. 
The Annals of Regional Science. Dec.

McKean, J. R. 1970. The determinants of transport 
cost for raw milk within the Denver milkshed. 
Mt. Empire Dairymen's Assoc. (Co-op).

McKean, J. R. 1970. Wheat for feed in Colorado: 
survey and analysis. Colo. Wheat Adm. 
Comm.

Nobe, K. C. and A. H. Gilbert. 1970. A survey 
of sportsmen expenditures for hunting and 
fishing in Colorado. Colo. Div. Came, Fish 
and Parks, Bull. GFP-R-T-24, in cooperation 
with Dept. of Econ., Colo. State Univ., Ft. Col­
lins, Colo. March.

Peterson, R. D. and D. V. Leister. 1969. Market 
structure-conduct relations: some evidence 
from biomedical electronic firms. Wash. Bus. 
Rev. Summer.

Radosevich, G. E. and K. C. Nobe. 1969. Use of 
private property for outdoor recreation: legal 
rights and liabilities. Colo. State Univ. Coop. 
Ext. Serv. Bull. 467-A, Ft. Collins. Nov.

Radosevich, G. E. and K. C. Nobe. 1970. Colo­
rado outdoor recreation on private property: 
legal and economic aspects. CSU Exp. Sta. Bull. 
541-S, Ft. Collins. Jan.

Rehnberg, Rex D. 1969. Institutional adaptations 
for viable communities in the plains. Proc. of 
Annual Meeting, Great Plains Agr. Coun., 
Oklahoma City. July.

Rehnberg, Rex D. 1970. Available and projected 
human resources in the Great Plains. Disc. of 
paper by Stanley W. Voelker, Proc. of Great 
Plains Res. Econ. Comm. Seminar, Stillwater, 
Okla. Apr.

Rohdy, D. D., G. H. Hoffman, and A. G. Madsen.
1969. Short run price forecasting model for 
fed cattle. CSU Exp. Sta. Tech. Bull. 108. Dec.

Rohdy, D. D., R. L. Anderson, T. B. Grandin, Jr., 
and D. H. Peterson. 1970. Pump irrigation 
on the Colorado high plains. CSU Exp. Sta. 
Bull. 543-S. May.

Rohdy, D. D. and R. E. Lovegrove. 1970. Eco­
nomic impact of hunting and fishing expendi­
tures in Grand County Colorado. Dept. of 
Econ., Colo. State Univ., NRE-9. Ft. Collins. 
June.

Rohdy, D. D., D. B. Tanner, and P. W. Barkley.
1970. Secondary economic effects of irriga­
tion on the Colorado high plains. CSU Exp. 
Sta. Bull. 545-S. June.

Schaefer, R. K. and K. C. Nobe. 1969. Economic 
evaluation of the land purchase program of 
the Colorado Division of Game, Fish and 
Parks. Dept, of Econ., Colo. State Univ., NRE-6, 
Ft. Collins. July.

Sitler, Harry and Kenneth Krause. 1969. Research 
on large size farms. Proc. 42nd Annual Meet­
ing, West. Agr. Econ. Assoc., Corvallis, Ore. 
July.

Skold, Melvin D. 1969. Impact of area adjust­
ments on ancillary stages, input and marketing. 
In: Forces restructuring production and mar­
keting in commercial agriculture. West. Agr. 
Econ. Res. Coun.. Tucson.

Skold, Melvin D. and Arthur J. Greer, Jr. 1969. 
The impact of agricultural change on a local 
economy in the Great Plains. CSU Exp. Sta. 
Tech. Bull. 106.

Skold, Melvin D. and Harry G. Sitler. 1969. The 
impact of agricultural adjustments on a local 
economy. In: Economic analysis of adjust­
ments in wheat and feed grain production in 
the Great Plains and Western States. Great 
Plains Agr. Coun. Pub. 36, Ft. Collins.

Skold, Melvin D. and Arthur J. Greer, Jr. 1970. 
Estimating the impact of resource development 
projects. Proc. Sym. on Secondary Impacts, 
NRED, ERS, USDA, Wash., D. C.

Starkbaum, Richard, Melvin D. Skold, and Alex­
ander D. Dotzenko, 1970. Net return from ir­
rigated cropping programs including alterna­
tive fertilizer and chemical herbicide treat­
ments. CSU Exp. Sta. Bull. 542-S.

Walsh, Richard G. 1970. Economists of plant size 
in flour milling. The Northwestern Miller. Feb.

Walsh, Richard G. 1970. Effects of assembly 
costs on optimum grain elevator size and loca­
tion. Canadian J. of Agr. Econ. 17:2.

Whedbee, Robert. 1970. Foreign trade. Colo. 
Agr. Roundup, Ft. Collins. Spring.

Wykstra, R. A. 1969. Economic development and 
human capital formation. The J. of Dev. Areas. 
Summer.

Wykstra, R. A. and R. D. Peterson. 1970. Oc­
cupational growth and shift-share analysis. The 
Rocky Mt. Social Science Quart. Spring.

Wykstra, R. A. and E. Stevens. 1970. History of 
Labor Policy. Odyssey Press. June.

Wykstra, R. A. and E. Stevens. 1970. Labor Law 
and Manpower Policy. Odyssey Press. June.

Theses

Anderson, Robert Norris. 1969. A Systems 
Analysis of Public Welfare. Ph.D. Adviser: 
Milton D. Vaughn.

Buol, John Allen. 1970. Consolidation of Eastern 
Colorado Cooperatives. M.S. Adviser: James
H. Lewis.

Hargrove, Stanley Howard. 1970. Estimation of 
Diversion Response. M.S. Adviser: Thomas 
A. Miller.

Hergert, Larry Eugene. 1970. Custom Cattle 
Feeding in Colorado. M.S. Adviser: Melvin 
D. Skold.

O'Donnell, Dennis Jay. 1970. The Effects of 
Manpower Education. M.S. Adviser: Robert L. 
Darcy.

Schaefer, Richard Karl. 1970. Behavioral Rec­
reation Supply Decisions. Ph.D. Adviser: 
Kenneth C. Nobe.

Taylor, David L. 1970. The Benefits of Hurri­
cane Runoff Water. M.S. Adviser: Loyal M. 
Hartman. 

Varble, Gerald Lavern. 1970. The Grand Valley 
Trade Area—1964. M.S. Adviser: Kenneth C. 
Nobe.

DEPARTMENT OF EDUCATION

Bruner, Howard D. 1970. Curriculum guide for 
outdoor education. Title III ESEA Project, 
Poudre R-1 School District.

Clegg, Denzil O. and James M. Kincaid. 1970. 
Adult teaching and learning—-a curriculum ex­
amining teacher behavior. Adult Basic Educa­
tion Project, University of Colorado.

Cole, Stanley M. 1969. The trust endowments— 
problems and potential. Proceedings of the 
Western States Land Commissioners Associ­
ation, Olympia, Washington. Aug.

Cole, Stanley M. 1969. A brief history of trust 
land grants in Colorado. Voice of Rocky Moun­
tain Sportsman Federation 1:8. Dec.

Frick, Donald L. 1969. A training program for 
vocational counselors. ERIC, Integrated Per­
sonnel Service Index 1:2, Entry No. 363.

Hubbell, Robert N. 1969. A survey of student 
and parent attitudes concerning Colorado State 
University. CSU Student Development Re­
search Report. Vl:5.

Hubbell, Robert N. 1969. Follow-up study of 
student participation in academic departmental 
decision making. CSU Student Development 
Report. VIM.

Hubbell, Robert N. 1970. The generation gap: 
parent and student perceptions of the univer­
sity. CSU Student Development Research Re­
port VII:4.

Hubbell, Robert N. 1970. Human relations pro­
cedures relevant to university environmental 
change. College and University Business. July.

Johnson, William, James G. Anderson and Robert 
Lange. 1969. Mexican-American students in 
a metropolitan context: factors affecting the 
social-emotional climate in the classroom. Re­
search Center, New Mexico State University.

Simpson, Ronald D. and Dean R. Brown. 1970. 
Attitudes toward selected concepts among jun­
ior high science teachers. School Science and 
Mathematics LXX:3, 207-213. Mar.

Smith, Herbert A. 1969. Curriculum develop­
ment and instructional materials. Review of 
Ed. Research 39:397-413. Oct.

Smith, Herbert A. 1969. Science: trends and 
dilemas. Encyclopedia Britannica, Inc. Britan­
nica Review of American Education. Chicago, 
III. 1,19-45.

Smith, Herbert A. 1970. An educational tech­
nology project in science. Educational Tech­
nology X:1, 15-16. Jan.

Theses

Andrews, Mary Jo. 1969. Age, Sex, and Achieve­
ment Relationships. M.Ed. Adviser: Barbara 
J. Timmons.

Brown, Niles Faulkner. 1970. Perceived Bene­
fits from Judging. M.Ed. Adviser: James M. 
Kincaid.

Foster, Mary Luella Burns. 1969. Bibliotherapy 
for Early Adolescents. M.Ed. Adviser: Barbara 
J. Timmons.

Helzer, Paulette Elizabeth Bilto. 1969. Study 
of Women's Housing Policies — Colorado 
State University. M.Ed. Adviser: Gordon F. 
Quiller.

Hill, Oliver Clinton. 1970. 4-H Leader Training 
and Club Performance. M.Ed. Adviser: James 
M. Kincaid, Jr.

Hurst, Lorin Winslow, Jr. 1970. Family Attitude 
and College Adjustment. M.Ed. Adviser: Gor­
don F. Quiller.

Johnson, Duane Paul. 1970. Leader Attitude 
of Area Organization. M.Ed. Adviser: James 
M. Kincaid, Jr.

Keltz, Arthur Robert, Jr. 1970. Student-Staff 
Ratio in Dormitories. M.Ed. Adviser: Joseph
L. Daly.

Keltz, Debra Kay Newsom. 1970. Junior High 
Student Activity Programs. M.Ed. Adviser: 
Howard D. Bruner.



60 Langbehn, Gerald Melvin. 1970. Beef Produc­
ers Use of Testing Programs. M.Ed. Adviser: 
Denzil O. Clegg.

Lanham, Helen Leona Holmes. 1969. Biblio­
therapy and Reading Interest. M.Ed. Adviser: 
Howard D. Bruner.

Latona Alan Charles. 1969. Concepts of Col­
legiate Decision Making. M.Ed. Adviser: Rob­
ert N. Hubbell.

McAfoose, Ray Edwin. 1969. Feasibility to Com­
puterize Colorado State University's Educa­
tion Department. M.Ed. Adviser: Stanley M. 
Cole.

Poernomodjati. 1970. Extension in the U.S.A. 
and Indonesia. M.Ed. Adviser: James M. Kin­
caid, Jr.

Siehs, Kurt Philipp. 1969. Study of Reading in 
the Fifth Grade. M.Ed. Adviser: Howard D. 
Bruner.

Skelton, Irvin William. 1970. Values as Related 
to Job Performance. M.Ed. Adviser: Denzil O. 
Clegg.

Smith, John Frederick. 1970. Farmers' Felt 
Needs for Adult Education. M.Ed. Adviser: 
James M. Kincaid, Jr.

Solfermoser, Barbara Marie Magary. 1969. Self- 
Concept and Reading Critically. M.Ed. Ad­
viser: Barbara J. Timmons.

Trujillo, Sandra Jane Vaughn. 1970. Individual­
ized High School Chemistry. M.Ed. Adviser: 
Dean R. Brown.

DEPARTMENT OF ENGLISH

Bachmann, James. 1970. A comparison of non­
standard grammatical usage in some negro and 
white working-class families in Alexandria, Vir­
ginia. Ph.D. dissertation, Georgetown Univer­
sity.

Banks, Loy Otis. 1969. The accommodator. (Short 
Story.) South Florida Review III.

Banks, Loy Otis. 1970. The cluster. (Short Story.) 
Prism International IX.

Bennett, John Z. 1970. Custer: 25 June 1876. 
(Poem.) Describing People, pp. 78-79. D. C. 
Heath and Co., Lexington, Mass.

Boni, John. 1969. Two epics of English history: 
Samuel Daniel's The Civile Wars, and Michael 
Drayton's The Barons Warres. Ph.D. disserta­
tion, University of Denver.

Bryant, Paul T. 1970. Loyalty is a two-way street. 
CEA Critic 32:4, 3-5. January.

Koinm, A. J. 1970. Tape recording of literary 
crticism for use in production of Troilus and 
Cressida. CSU. May.

Levine, Cart. 1970. Linguistics re-education of 
the mentally ill in a computerized society. Lake 
County Mental Health Society Annual Meet­
ing, Waukegan, Ill. Jan.

Levine, Carl. 1970. Literature and social rele­
vance. RMMLA Bull. XXIV:1, 25-32. March.

Levine, Carl. 1970. The case of Ethel G. Final 
Report, part I, the released mental patient and 
the community: a study in cross-cultural com­
munication. U.S. National Institute of Mental 
Health (Grants No. 1 RO1 MH13792-01 and 3 
RO1 MH13792-01S1.) June.

Lindstrom, David H. 1969. The Examiner, Vol. 
I (1710-1711) Introduction and Notes. Ph D. 
dissertation, Pennsylvania State U.

Lipp, Frances Randall. 1969. Aelfric's old English 
prose style. Studies in Philology LXVl, 689-718.

Lipp, Frances Randall. 1969. Contrast and point 
of view in The Battle of Brunanburh. Philo- 
logcal Quarterly XLVII, 166-177.

Michaelson, L. W. 1969. Billy the kid. (Poem.) 
Road Apple Review 1:3, 20.

Michaelson, L. W. 1969. Decline of the short 
story. Trace pp. 496-98.

Michaelson, L. W. 1969. English dept. jungles: 
their cause and cure. English Record 20:2, 
72-74.

Michaelson, L. W. 1969. Now is the time for 
every poet . . . Satire News Letter 7:1, 61-63. 
Fall.

Michaelson, L. W. 1969. Once I flickered 
through. (Poem.) Inscape 7:3, 17.

Michaelson, L. W. 1969. Poem for the gun lobby. 
Noca 5:4, 10.

Michaelson, L. W. 1969. Poem from inner space. 
Inscape 7:3, 18.

Michaelson, L. W. 1969. Poem on seeing 35 
movies on bank holdups. Inscape 7:3, 19.

Michaelson, L. W. 1969. Science fiction and 
social change. Extrapolation 11:1.

Michaelson, L. W. 1969. Songs of My Divided 
Self. South & West, Inc. Ft. Smith, Ark.

Michaelson, L. W. 1969. Variation on sonnet 
55. (Poem.) Inscape 7:3, 17.

Michaelson, L. W. 1970. I am curious red. Reach 
1:1, 12. Jan.

Michaelson, L. W. 1970. The man who burned 
the woods. English Record 20:3, 72-75.

Michaelson, L. W. 1970. Open letter to dante. 
(Poem.) Trace 71:351.

Morris, Sally. 1970. Create your own lab school. 
English Education 1:2, 99-102.

Petrie, Neil. 1969. Psychic disintegration in the 
early poetry of Tennyson. Ph.D. dissertation, 
Kent St. U.

Rhoads, Kenneth W. 1969. The musical elements 
of T. S. Elloit's Four Quartets. Ph.D. disserta­
tion, Mich. St. U.

Schamberger, J. Edward. 1969. Emerson's con­
cept of the moral sense: a study of its sources 
and its importance to his intellectual develop­
ment. Ph.D. dissertation, Univ. of Penn.

Smith, Charles R. 1969. The lesson of the master: 
an interpretive note. Studies in Short Fiction 
VI: 654-658.

Titley, Bonnie S. 1970. What ya gonna do? 
teach? Statement. Colo. Language Arts Society 
5:3, 15-18. May.

Todd, Edgeley W. 1969. Review of An Artist on 
the Overland Trail: the 1849 Diary and 
Sketches of James F. Wilkins, ed. by John 
Francis McDermott. Western Humanities Re­
view XXlll:87-89.

Todd, Edgeley W. 1969. Review of On the 
Western Tour with Washington Irving: The 
Journal and Letter of Count de Pourtales. Ed. 
by George F. Spaulding. Western American 
Literature III:253-255.

Todd, Edgeley W. 1969. Review of The West of 
Alfred Jacob Miller (1837) by Marion C. Ross. 
Western American Literature III:305-307.

Todd, Edgeley W. 1970. Review of Joshua 
Pilcher: Fur Trader and Indian Agent by John 
E. Sander. Western American Literature IV: 
305-306.

Whitaker, Rosemary. 1970. A week on the Con­
cord and Merrimack Rivers, an experiment in 
the communication of transcendental experi­
ence. Ph.D. dissertation, Univ. of Okla.

Theses

Ackerman, Mary Ellen Maffia. 1969. Nature 
Essays: Dinosaur National Monument. M.A. 
Adviser: J. Golden Taylor.

Allbrandt, Barbara Frances Stimmel. 1970. A 
Study of Negro Rhetoric. M.A. Adviser: W. 
Claud Henry.

Benson, Paul Francis. 1969. The Critical Theories 
of C. Day-Lewis. M.A. Adviser: John Z. Ben­
nett.

Dallas, Michael James. 1970. Go Smiling, Smil­
ing. M.A. Adviser: John Z. Bennett.

Devitt, Barbara Mary Cadieux. 1970. Samson 
Agonistes as Tragedy. M.A. Adviser: Thomas 
R. Mark.

Hoglin, Donald Alvin. 1969. A Rhetoric of 
Theme Topics. M.A. Adviser: W. Claud Henry.

Lovejoy, William Henry. 1970. A Firm Grasp 
on Nothing. M.A. Adviser: John Z. Bennett.

Redderson, Theresa Trajick. 1969. Stories by 
Harold Frederic. M.A. Adviser: Martin Bucco.

Richardson, Elizabeth Anne Miller. 1969. The
Poetry of Theodore Roethke. M.A. Adviser: 
Nicholas L. M. Crome.

Schwartz, Eugene David. 1970. Whitman's Mar­
riage of East and West. M.A. Adviser: Edge- 
ley W. Todd.

DEPARTMENT OF 
FOREIGN LANGUAGES

Cypress, Linda P. 1970. L'Obsession de la Mort 
dans les 'Memoires d'Outre-Tomb. Chateau­
briand. ed. Droz. Feb.

Cypress, Linda P. 1970. Presence of Chateau­
briand. Univ. of Wisconsin Press. Feb.

Echevarria, Evelio A. 1969. Nuevas palabras 
espanolas. El Espanol Actual (Madrid) pp. 6-9. 
Sept.

Hoffmann, Klaus. 1969. Das Manshenbild bei 
Agnes Miegel. Veroffentlichungen der Ost- 
deutschen Forschungastelle, Im Lande Nord­
rhein-Westfalen, Herausgerber; Elfons Perlick, 
Reihe A-NE 16. Nov.

Mah, Kai-Ho. 1970. Translation of Jean Girau- 
doux's short story D'Un Cheveu (By a Hair), 
The Baker Street Journal 20:1, 48-51. Mar.

McMurray, George R. 1969. Reality and myth 
in Garcia Marquez' Cien anos de soledad. 
Rocky Mountain Modern Language Assn. Bul­
letin. Dec.

McMurray, George R. 1970. Salvador Elizondo's 
El Hispogeo Secreto and Wittenstein's Phil­
osophy. Hspania. May.

Perkins, Joan Frances Brissman. 1970. Le Role 
des autres Chez Sartre. M.A. Co-Advisers: 
Joseph C. Evans and Wilson E. Wilmarth.

Taylor, Hallie Deering Volts. 1970. Hell Hath 
No Limits. M.A. Adviser: George R. McMur­
ray.

HEARING AND SPEECH SCIENCE

Rose, D. E. 1969. A data retrieval system for 
audio-otologic information. J. Colo. Speech 
and Hearing Assn. pp. 23-26. Nov.

Rose, D. E., P. D. Lambert, R. J. Morgan, and R. J. 
Garner. 1969. Acoustically evoked potentials 
recorded from the intact scalp as a means of 
determining auditory acuity in the beagle. 
CSU-PHS Collaborative Radiological Health 
Laboratory Annual Report pp. 25-29.

Rose, D. E., R. J. Morgan, P. D. Lambert, and R. J. 
Garner. 1969. Acoustical avoidance condition­
ing: a technique for determining auditory acu­
ity in the beagle. CSU-PHS Collaborative 
Radiological Health Laboratory Annual Report 
pp. 30-33.

Spychala, P., D. E. Rose and J. B. Grier. 1969. 
Comparison of the "on" and "off" character­
istics of the acoustically evoked response. Intl. 
Audiology 8, 416-423.
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Fria, Thomas Joseph. 1970. Vibrator Calibration 
Via Input Voltages. M.S. Adviser: Darrel E. 
Rose.

Rider, Larry Paul. 1970. Acoustical Analysis of 
Human Speech. M.S. Adviser: Bruce R. Pierce.

HISTORY DEPARTMENT

Clegern, Wayne C. 1970. Honduras. Encyclo­
pedia Britannica 11, 653-654.

Heitman, Sidney. 1969. Nikolai I. Bukharin; A 
Bibliography with Annotations, Including the 
Locations of His Works in Major American and 
European Libraries. The Hoover Institution. 
Fall.

Leyendecker, Liston E. 1969. Colorado and the 
Paris Universal Exposition, 1867. The Colorado 
Magazine 46:1, 1-15. Winter.

McComb, David G. 1969. Houston, the Bayou 
City. University of Texas Press.

Nathan, Meyer J. 1969. The election of 1916 in 
Kansas. Kansas Historical Quarterly 35:1, 50-63.

Theses

Cooksey, Ronald Leslie. 1969. American Tory 
Ideologies. M.A. Adviser: Henry G. Weisser.

Foster, John Edward. 1970. The United States, 
Texas, and the Indian Problem. M.A. Adviser: 
Charles J. Bayard.

MUSIC DEPARTMENT

Anderson, Edward D. Tenor soloist - Beethoven 
Ninth Symphony,, Fort Collins Civic Symphony 
and Community Art Symphony. Denver, Colo.

Cavarra, Robert N. Centennial organ recital; fea­
turing works by American composers for or­
gan. Colo. State Univ., Fort Collins.

Cavarra, Robert N. Lecture: A contemporary 
church organ—its design and construction. 
American Guild of Organists (Fort Collins- 
Loveland Chapter). Fort Collins.

Cavarra, Robert N. Lecture recital; the design 
of the classical French organ, American Musi- 
cological Society (Rocky Mountain Chapter). 
Colo. State Univ. Fort Collins.

Cavarra, Robert N. Organ recital; Brahms, Chor­
ale Preludes for Organ, works by J. S. Bach, 
Muffat, and Vierne. Colo. State Univ. Fort 
Collins.

Cavarra, Robert N. Organ recital; works by Cle- 
rambault, Brahms, Bach, and Franck, Broad­
moor Community Church. Colo. Springs, Colo.

Cavarra, Robert N. Program for organ and choir 
with chamber singers; works by Handel, Pur­
cell, Samuel Barber, and Cecil Effinger. Colo. 
State Univ. Fort Collins.

Cavarra, Robert N. Research paper. Comparison 
of mechanical action with other types of organ 
actions and their relation to pipe speech. 1969 
Regional Convention of American Guild of 
Organists. Fort Collins.

DeBroder, Gordon W. The relationship of im­
provement in training of musical perception 
to dimensions of the personality. Ph.D. dis­
sertation, University of Denver.

Diebel, Wendel H. Harp Trio: Harp, Flute and 
Cello. Society of Colo. Composers, Inter­
national House. Denver.

Diebel, Wendel H. Les danses gothiques (Sym­
phony Orchestra). World Premier, Fort Collins 
Symphony Orchestra. Fort Collins.

Diebel, Wendel H. Ten bagetelles for brass quin­
tet and harp. Denver Brass Ensemble, assisted 
by Suzann Davids, Harp, World Premiere, In­
ternational House. Denver.

Diebel, Wendel H. Ten Bagatelles for brass quin­
tet and harp. New England Music Camp. Oak­
land, Maine.

Diebel, Wendel H. Ten bagatelles for brass quin­
tet and harp. Symphonic Brass Choir, Calif. 
State College. Los Angeles, Calif.

Diebel, Wendel H. Theme and variations for 
woodwind quintet. World Premiere, Faculty 
Woodwind Quintet, Metro State College. Den­
ver.

Garrett, Lee R. 1969. The organ works of Olivier 
Messiaen from 1928 to 1939. M.M. Ind. Univ.

Garrett, Lee R. Lecture on church music deliv­
ered to St. Luke's Episcopal Church. Fort Col­
lins.

Garrett, Lee R. Organ recital. Colo. State Univ. 
Fort Collins.

Nisbett, Robert F. Piano Recital: Two Sonatas (L. 
461, L. 25, D. Scarlatti; Sonata in C. Op. 2, 
No. 3, Beethoven; Two Etudes (Op. 10, No. 
1; Op. 25, No. 1), Chopin; Variations and 
Fugue on a Theme by Handel, Op. 24, Brahms; 
Jeux d'eau, Ravel; Danse, Debussy. Music De­
partment, Colo. State Univ. Fort Collins.

Parsons, John N. The Franco-Belgian violin 
school and its three chief teachers-artists: de- 
Beriot, Vieuxtemps, and Ysaye: a paper read 
before the 1969 Annual Meeting of the Rocky 
Mountain Chapter of the American Musicolog- 
ical Society, Univ. of Colo. Boulder, Colo.

Parsons, John N. and Wendel H. Diebel. Recital:
Sonata in G by G. B. Summartini; Sonata #4 
in C, Op. 102, No. 1 for Violoncello and Piano 
by Beethoven; Sonata, Op. 4 by Kodaly. Colo. 
State Univ. Fort Collins.

Rhoads, Mary R. Christmas recital; Brahms In­
termezzi, Christmas carol improvisation. Colo. 
State Univ. Newcomers Club. Fort Collins.

Rhoads, Mary R. Influences of Japanese Hogaku 
manifest in selected compositions by Peter 
Menin and Benjamin Britten. Ph.D. disserta­
tion, Michigan State Univ. East Lansing, Mich.

Rhoads, Mary R. Knight Before Glasses (musical 
play for children). Poudre High School. Fort 
Collins.

Rhoads, Mary R. The Mudlark (full-length musical 
comedy). Helen Mary Greene Theatre. Fort 
Collins.

Rhoads, Mary R. Piano Recital. Beethoven Piano 
Concerto #1. Unitarian Church. Fort Collins.

Thompson, Sidney. Piano Soloist with Colo. State 
Univ. Symphony. Saint-Saens, Africa, Student 
Center Theatre, Colo. State Univ. Fort Collins.

Waddell, Josephine. Lecture: liturgical renewal, 
Eastern Wyoming Ministerial Alliance. Torring­
ton, Wyoming; Church Music Workshop. 
Lingle, Wyoming.

Waddell, Josephine. Lecture-recital: an experi­
ment in relevance; chorales and chorale pre­
ludes 18th to 20th centuries. First Presbyterian 
Church. Lincoln, Neb.

PHILOSOPHY DEPARTMENT

Lyons, Daniel D. 1969. Ethics of redistribution. 
Mind. July.

Lyons, Daniel D. 1969. Is Hart's rationale work­
able? Dialogue. Dec.

Rolston, Holmes III. 1970. Responsible man in 
reformed theology. Scottish J. of Theology 
23:2. May.

DEPARTMENT OF 
PHYSICAL EDUCATION

Theses

Campiglia, Bob Allen. 1969. Basic Golf Swing 
with Video Tape. M.Ed. Adviser: Alvin M. 
Pettine.

Philips, Sally Jo. 1970. Physical Education and 
AAHPER Fitness Test. M.Ed. Adviser: Alvin
M. Pettine.

Ross, Renee Wade. 1969. A Measure of Teach­
er-Pupil Rapport. M.Ed. Adviser: Alvin M. 
Pettine.

POLITICAL SCIENCE DEPARTMENT

Foss, Phillip O. (ed.). 1970. Public land policy. 
Proceedings of Western Resources Conference. 
Colorado Assoc. Univ. Press, Boulder.

Foss, Phillip O. and Duane W. Hill. 1970. Poli­
tics and Policies. Wadsworth Press, Belmont.

Hill, Duane W. and Charles L Garrison. 1970.
Probing the relationship between the charac­
teristics of social and physical systems. Focus 
on Change: Intergovernmental Relations in 
Water Resources Planning. Proceedings of
U.S. Army Corps of Engineers Seminar.

Landsdowne, Jerry L. 1970. Public policy, the 
function of appraisal and agriculture. Forces 
Restructuring Production and Marketing in 
Commercial Agriculture. Proceedings of Farm 
Management and Marketing Committees of 
the Western Agricultural Economics Research 
Council.

Meek, Roy L. 1970. The Distribution of Justice: 
Theoretical Issues in the Politics of Local Jus­
tice. Little, Brown, Boston.

Ogden, Daniel M., Jr. 1969. The new outdoor 
recreation systems—where are they leading 
us? Rocky Mountain-High Plains Parks and 
Recreation Journal 4:1.

Ogden, Daniel M., Jr. 1970. Interests and in­
terest groups in the water policy process. Focus 
on Change: Intergovernmental Relations in 
Water Resources Planning. Proceedings of 
U.S. Army Corps of Engineers Seminar.

Ogden, Daniel M., Jr. 1970. Wild land policy 
decisions. J. Forestry 68:4, 200-204. Apr.

Ogden, Daniel M., Jr., Claudius O. Johnson, H. 
Paul Castleberry, and Thor Swanson. 1970. 
American National Government. Seventh edi­
tion. Crowell Co., New York.

Straayer, John A. (ed.). 1970. Focus on Change: 
Intergovernmental Relations in Water Re­
sources Planning. Proceedings of U.S. Army 
Corps of Engineers Seminar.

Wengert, Norman I. 1969. Approaches to Value 
Choices in Regional Planning: Challenge and 
Prospects. Frederick A. Praeger, New York.

Wengert, Norman I. 1969. Needs and oppor­
tunities for consolidation of water and waste 
water utility sources, the Detroit situation. Pro­
ceedings of Engineering Foundation Research 
Conference.

Wengert, Norman I. 1969. One swallow does 
not make a spring . . . P.S., Newsletter of the 
American Political Science Assoc.

Wengert, Norman I. 1970. Political and social 
accommodation as a basic element in plan­
ning. Focus on Change: Intergovernmental 
Relations in Water Resources Management. 
Proceedings of U.S. Army Corps of Engineers 
Seminar.

Wengert, Norman I. 1970. The political context 
of public land policy in Public Land Policy. 
Proceedings of Western Resources Conference. 
Colorado Assoc. Univ. Press, Boulder.



62 Theses

Anderson, Jerald Harvey. 1969. Theory of Wars 
of National Liberation. M.A. Adviser: Roy L. 
Meek.

Brady, Roger Alan. 1970. Complaints as Political 
Acts. M.A. Adviser: Charles L. Garrison.

Edwards, Gregory Allen. 1970. Perceptions of 
Public Administrators. M.A. Adviser: Charles 
L. Garrison.

Nelson, Michael Boyd. 1969. An Exercise in 
Political Logic. M.A. Adviser: Duane W. Hill.

Schmidt, Robert Frederick. 1970. West Pakistan 
Water Management Agencies. M.A. Adviser: 
John A. Straayer.

Yurosek, Michael David. 1970. The United Na­
tions and the Cuban Missile Crisis. M.A. Ad­
viser: J. Leo Cefkin.

SOCIOLOGY AND ANTHROPOLOGY

Brouillette, John R. 1969. The Department of 
Public Works. American Behavioral Scientist. 
13:3, 369-379.

Judge, W. James. 1970. Systems analysis and 
the Folsom-Midland question. Southwestern 
Journal of Anthropology. 26:1, 40-51.

Judge, W. James. 1970. The Paleo Indian occu­
pation of the Central Rio Grand Valley, New 
Mexico. Ph.D. dissertation, University of New 
Mexico.

Knop, Edward C. 1969. (with R. Frank Falk and 
Margaret Thompson) New careerists in higher 
education. New Careers Program Assistance 
Bulletin 6:8, 4-7.

Knop, Edward C. 1969. Timbertown in transition: 
perspectives on community formation, main­
tenance and decline. Ph.D. dissertation, Uni­
versity of Minnesota.

Rhine, Stanley. 1969. The Beginnings of Man­
kind—A Laboratory Notebook. CSU Printing 
Services.

Rhine, Stanley. 1969. The varieties of human 
prehension. Ph.D. dissertation, University of 
Colorado.

Rhine, Stanley. 1970. An artifact cleaning tech­
nique. American Antiquity.

Sardo, Joseph. 1969. Social trends and recre­
ation. Rocky Mountain-High Plains Parks and 
Recreation Journal. 4:1, 97-104.

Theodoratus, Robert J. 1969. Europe: A Selected 
Ethnographic Bibliography. Human Relations 
Area Files Press, New Haven.

Turner, Ronny. 1969. Religious movements of 
social change: the civil rights movement. Ph.D. 
dissertation, State University of New York at 
Buffalo.

Vlachos, Evan C. 1969. Modern Greek Society; 
Continuity and Change. Special Monograph 
Series, CSU.

Young, T. R. 1969. Social stratification and mod­
ern systems theory. Yearbook of the Society 
for General Systems Research. 14.

Theses

Brown, Coleen Rae Thomas. 1970. Group Evalu­
ation: An Educational Tool. M.S. Adviser: 
Emmit F. Sharpe.

Dellah, Carolyn Joyce Lewis. 1969. Cultural 
Effects on the Perception of Color. M.S. Ad­
viser: Robert J. Theodoratus.

Green, Howard Nathaniel. 1970. Functionalism 
and Ethnoscience. M.S. Adviser: Robert J. 
Theodoratus.

Lopez-Guinazu, Antonio A. 1970. Venezuela's 
Modernization and Development. Ph.D. Ad­
viser: Evan C. Vlachos.

Hazaleus, Margaret Esther Bennington. 1970. 
Inter-role Conflict of Working Mothers. M.S. 
Adviser: Glenn C. Dildine.

Hecht, Roger Leon. 1969. Static vs. Change 
Processes. Ph.D. Adviser: Glenn C. Dildine.

Keist, Richard Theodore. 1970. Measuring 
Change Processes in a Social System. Ph.D. 
Adviser: Glenn C. Dildine.

Larson, Gary Lee. 1970. Theory of Underground 
Structure. M.S. Adviser: T. R. Young.

Madson, Patricia Ann Olson. 1969. The Resi­
dence Hall Community. M.S. Adviser: Evan
C. Vlachos.

Palmer, Dwight Eldon. 1970. A Study of Trust 
in Organized Groups. Ph.D. Adviser: Glenn 
C. Dildine.

Salazar, John Hay. 1970. Spanish American 
Social Participation. Ph.D. Adviser: William 
W. Winnie.

Schnell, David Robert. 1970. Sources of Self 
and a Neo-gemeinshaft Community. M.S. Ad­
viser: T. R. Young.

Tiller, Beverly J. 1969. Adjustment of Foreign 
Students. M.S. Adviser: William W. Winnie.

DEPARTMENT OF 
SPEECH AND THEATRE ARTS

Braddy, Robert E. 1969-70. Scene design and 
lighting for: Importance of Being Earnest, Ad­
ventures of Scapin, Thurber Carnival, Troilus 
and Cressida, all at CSU.

Braddy, Robert E. 1970. Director: The Visit, at 
CSU.

Gardiner, James C. 1969. The effects of per­
ceived audience response on speaker attitudes. 
Ph.D. dissertation, Michigan State Univ., June.

Hopkins, Richard. 1969-70. Director: Readers' 
Theatre presentations, "Oral Literature: Rhe­
toric" and "Poetry, Mostly Modern," at CSU.

Hopkins, Richard. 1970. Speech teachers' assign­
ments in secondary schools. Western Speech 
34:2. Spring.

Hostettler, Gordon F. 1970. Review of ancient 
Greek and Roman rhetoricians. Philos, and 
Rhetoric 3:1, 63-65. Winter.

Hostettler, Gordon F. 1970. Review of classical 
rhetoric for modern discourse. College Comp, 
and Comm. 21:2, 204-5. May.

Irvine, James R. 1970. James Beattie's psychol­
ogy of taste. Western Speech 34:1, 21-28. 
Winter.

MacLauchlin, Robert. 1969. Freedom of speech 
and the educational television station. Ph.D. 
dissertation. Michigan State Univ., June.

MacLauchlin, Robert. 1970. Script for documen­
tary program on college communicators. Sta­
tion KBTV, Denver.

Oaks, Herald R. 1970. Supplemental editorial— 
in search of an audience for today and tomor­
row. Suppl. to USITT Newsletter 9:2, 8-9. Jan.- 
Feb.

Oaks, Harold R. 1969. Director: Importance of 
Being Earnest and Thurber Carnival, at CSU.

Willis, Ronald. 1969. Review of public domain: 
essays on the theatre. Q. J. of Speech 55:4, 
452-3. Dec.

Willis, Ronald. 1969-70. Director: Playboy of 
the Western World, Adventures of Scapin, and 
Troilus and Cressida, all at CSU.

Theses

Cowan, Robert Alan. 1970. Electroencephalog­
raphy and Galvanic Skin Response to Verbal 
Stimuli. M.A. Adviser: Gordon F. Hostettler.

Henschel, Donald Francis, Jr. 1970. The Drama 
of Old Four-Eyes. M.A. Adviser: Harold R. 
Oaks.

Hladky, Valerie Ann. 1969. Personality Change 
of Students in High School Drama. M.A. Ad­
viser: Ronald A. Willis.

Kugler, Thomas William. 1969. Hubert H. Hum­
phrey's Acceptance Speech at Chicago. M.A. 
Adviser: Gordon F. Hostettler.

Ladd, Ronald Edward. 1970. A Rhetorical Analy­
sis of George C. Wallace. M.A. Adviser: G. 
Jack Gravlee.

Martin, Mary Alyne Reynolds. 1969. The Feast 
of Fools, 1190-1445. M.A. Adviser: Ronald
A. Willis.

Schnaible, John Albert. 1970. Joe McCarthy: 
Demagogue for a Decade. M.A. Adviser: G. 
Jack Gravlee.

DEPARTMENT OF 
TECHNICAL JOURNALISM

Gillette, Willard E. 1969. We took the powell 
trail. Colorful Colorado. 5:1, 26-30 and 100- 
104. July-Aug.

Gillette, Willard E. 1969. Toughest school on 
earth. Inner Circle 1:1. Sept.-Oct.

Gillette, Willard E. 1969. Colorado crowds roar 
for Ralphie. Friends pp. 26-27. Oct.

Gillette, Willard E. 1969. Photography exhibit. 
Morgan Library, Colo. State Univ. Fall.

Gillette, Willard E. 1969. Snowmobile dudes. 
Colorful Colorado 5:3, 18-24. Nov.-Dec.

Gillette, Willard E. 1970. Winter excitement in 
the San Juans. Colorful Colorado 5:4, 58-64. 
Jan.-Feb.

Gillette, Willard E. 1970. Don't spare the rod. 
Outdoor life 145:4, 88-92. Apr.

Lamoreux, Stephen. 1969-70. Contributing editor, 
articles on mass communication in U.S. and 
foreign journals. Journalism Quarterly 46 and 
47:4, 1, 2, 3.

McGuire, Delbert (ed.). 1969. Proceedings, 12th 
annual institute in technical and industrial 
communication. Colo. State Univ.

McGuire, Delbert. 1970. Center for research in 
communication. Encyclopedia of Library and 
Information Science.

DEPARTMENT OF 
VOCATIONAL EDUCATION

Blake, Duane L. and A. C. Masterson. 1969. Total 
commitment to the hardcore unemployed. 
Amer. Voc. JI. Oct.

Blake, Duane L. and M. E. Larson. 1970. Final 
report on the conference: institute for cur­
riculum development based on occupational 
analysis. Mar.

Blake, Duane L. and M. E. Larson. 1970. Final 
report on the conference: planning facilities 
and equipment for comprehensive vocational 
education programs for the future. Apr.

Huffman, Harry. 1969. Individualized instruc­
tion. Bus. Ed. World pp. 24-25. Nov.

Huffman, Harry. 1969. Grammar performance 
of communications students. Bus. Ed. World 
pp. 9-10. Dec.

Huffman, Harry. 1970. Emerging programs of 
business education for disadvantaged students. 
Yearbook, Natl. Bus. Ed. Assn. Ch. 30.



College of 
Natural Sciences

Huffman, Harry. 1970. Business and educators 
compare notes on the office procedures course.
J. of Data Education pp. 10-15. Feb.

Huffman, Harry. 1970. Creative use of program­
med instruction. Bus. Ed. World pp. 2-3. May.

Huffman, Harry and Dale D. Gust. 1970. Business 
education for the emrgent office. The center 
for Voc. and Tech. Edu., Ohio State U. p. 200. 
June.

Theses

Breese, Edward Lloyd. 1969. Factors of Testing 
in Three Trades. M.Ed. Adviser: Duane L. 
Blake.

Fritzler, Connie June Miller. 1969. Study of 
Selected Vocational Programs. M.Ed. Adviser: 
Albert C. Masterson.

Gust, Dale David. 1970. New and Emerging 
Office Activities. Ph.D. Adviser: Harry Huff­
man.

Jones, Janie Louise. 1969. Personality in Voca­
tional Occupations. Ph.D. Adviser: Duane L. 
Blake.

Meyer, John David. 1970. Vocational Admin­
istrators Competencies. Ph.D. Adviser: Duane 
L. Blake.

Neal, Charles Robert. 1969. Interdisciplinary 
Vocational Education. M.Ed. Adviser: Duane 
L. Blake.

Needham, Raymond John. 1969. Development 
of Technical Occupations. Ph.D. Adviser: 
Harry Huffman.

Stone, Thomas Carl. 1969. Predictors of Success 
in P-H Vocational Education. Ph.D. Adviser: 
Milton E. Larson.

DEPARTMENT OF BIOCHEMISTRY

Azari, Parviz and J. L. Phillips. 1970. Action of 
periodate on ovotransferrin and its mental 
complexes. Arch. Biochem. Biophys. 138, 32.

Butler, Marilyn M. T. and L. W. Charkey. 1970. On 
the relationship of liver mitochondrial coen­
zyme Q to hyperthyroidism in rats. Proc. Soc. 
Exptl. Biol. and Med. Article No. 34848.

Charkey, L. W., Adeline K. Kano, and Duane F. 
Houghan. 1970. A comparison of cystine and 
methionine in chicks with induced hyperthy­
roidism. Nutr. Rep. Intl. 1:1, 25.

Gulyas, B. J., J. C. Daniel, Jr., and R. S. Krishnan.
1969. Incorporation of labeled nucleosides 
in vitro by rabbit and mink blastocysts in the 
presence of blastokinin or serum. J. Reprod. 
Fert. 20, 255-262.

Homma, M. and A. T. Tu. 1970. Antivenin for 
for the treatment of local tissue damage due 
to envenomation by southeast Asian snakes: 
ineffectiveness in the prevention of local tis­
sue damage in mice after envenomation. Am. 
Trop. Med. Hyg. 19, 880-884.

Kautsky, Marie P., Robert P. Marfin, Virginia 
Janda, C. A. Woolever, and Dwain D. Hager­
man. 1970. Analysis of free estrone and 17B- 
estrodiol in plasma by tritiated sodium boro- 
hydride reduction. Am. J. Obstetrics and Gy­
necology. 106, 447-454.

Melchior, W. B., Jr. and D. E. Fahrney. 1970. 
Ethoxy formylation of proteins. Biochem. 9, 
251.

Sobel, H. 1969. Protein metabolism during ex­
posure to hyperbaric oxygen. Proc. Soc. Exptl. 
Biol. Med. 132, 314.

Sobel, H. and S. Feinberg. 1970. Effect of star­
vation and prednisolone administration on col­
lagen and calcium metabolism in mature rats. 
Ca. Tiss. Res. 5, 39.

Sobel, H. 1970. Follow-up on mice exposed to
1. 08 ATS. of oxygen in nitrogen for a substan­
tial portion of lifespan. Aerospace Med. 41, 
524-25.

Sobel, H., M. J. Hewlett, and H. E. Hrubant. 1970. 
Collagen and glycosaminoglycans in skin of 
aging mice. J. of Gerontology 25, 102.

Sobel, H. 1970. Effect of age on cardiac metabo­
lism. 3rd Ann. Meet. Nat'l. Study Group for 
Research in Cardiac Metabolism. Stowe, Ver­
mont. June 29-July 1.

Sobel, H. and M. J. Hewlett. 1970. Collagen 
fluorescence and aging. Federation Proceed­
ings 29, 931.

Takahashi, W. and A. T. Tu. 1970. African puff 
adder snakebite case in Colorado. J. Am. Med. 
Assn. 211, 1857.

Toom, P. M., T. N. Solie, and A. T. Tu. 1970. 
Characterization of a nonproteolytic arginine- 
ester-hydrolyzing-enzyme from snake venom.
J. Biol. Chem. 245, 2549-2555.

Tu, A. T. and R. B. Passey. 1969. Effects of snake 
venoms on mammalian cells in tissue culture. 
Toxicon 6, 277-280.

Tu, A. T. and M. Homma. 1970. Toxicological 
study of snake venoms from Costa Rica. Toxi­
col. Appl. Pharmacol. 16, 73-78.

Tu, A. T. and T. Tu. 1970. Sea snakes from 
southeast Asia and far east and their venoms. 
Addendum for Poisonous and Venomous Ma­
rine Animals of the World, III, by B. W. Hal­
stead. U. S. Government Printing Office, Wash­
ington, D. C.

Tu, A. T. and B. S. Hong. 1970. Antigenic activ­
ity of hemeundecapeptide and hemeoctapep- 
tide obtained from cytochrome C. Intl. J. of 
Protein Res. 2, 171-173.

Tu, A. T., R. B. Passey, and P. M. Toom. 1970. 
Isolation and characterization of phospholipase 
A from sea snake, Laticauda Semifasciata 
Venom. Arch. Biochem. Biophys. Sept.

Wright, E. T., J. M. Thomas, and H. Sobel. 1970. 
Action of testosterone on the skin of aging 
male subjects. Dermatologica 140, 124-128.

Theses

Briggs, Jack LeRoy. 1970. A Study of the Syn­
thesis of Coumestrol. M.S. Adviser: M. Lloyd 
Hopwood.

Faust, Charles Harry, Jr. 1970. Studies of Anti­
gen-Antibody Complexes. Ph.D. Adviser: 
Robert P. Tengerdy.

Hull, Robert McCleary. 1970. Thyroid State and 
Tissue Carnitine. Ph.D. Adviser: Lowell W. 
Charkey.

Leung, Benjamin Shuet-Kin. 1970. Enterohepa- 
tic Cycling of 17B- Estradiol. Ph.D. Adviser: 
Robert P. Martin.

Passey, Richard Boyd. 1969. Phospholipase in 
a Snake Venom. Ph.D. Adviser: Anthony T. 
Tu.

DEPARTMENT OF
BOTANY AND PLANT PATHOLOGY

Adams, R. P. and B. L. Turner. 1969. Chemical 
investigations of populational problems in 
juniperus. Presented at the XI Intl. Botanical 
Congress, Seattle, Wash.

Adams, R. P. 1970. Seasonal variation of ter­
penoid constituents in natural populations of 
Juniperus pinchotii Sudw. Phytochem. 9:2, 
397-402.

Aldrich, Jane and R. Baker. 1970. Biological 
control of Fusarium roseum f. sp. dranthi by 
Bacillus subtilis. Plant Dis. Rptr.

Baker, R. 1969. Plant disease control. In Mc­
Graw-Hill Yearbook of Sci. and Tech., pp. 274- 
275.

Baker, R. 1970. Fungal populations and inci­
dence of disease. In Washington Agri. Exp. 
Sta. Bull. 716. pp. 8-11.

Bledsoe, Carolyn, C. V. Cole, and C. Ross. 1969. 
Oligomycin inhibition of phosphate uptake 
and ATP labeling in excised maize roots. Plant 
Physiol. 44, 1040-1044.

Bohmont, Bert L. 1969. Techniques for herbicide 
injury detection. Proc. 4th Ann. Colo. Weed 
Control Conf. pp. 42-44.

Bonham, C. and R. T. Ward. 1970. Phytosocio- 
logical relationships in alpine tufted hairgrass 
I Deschampsia caespitosa (L.) Beauv.l mead­
ows. Arctic and Alpine Res. Vol. 2.

Dickens, L. E. and N. S. Luepschen. 1970. Fire 
blight. Ext. Pam. 66.

Dickens, L. E. 1970. Guide to Chemical Control 
of Plant Diseases in Colorado. (Revised an­
nually).

Dix, R. L. and R. G. Beidleman (eds.). 1969. The 
grassland ecosystem: a preliminary synthesis. 
Range Sci. Ser. No. 2. CSU, Ft. Collins, Colo.

Hanchey, Penelope. 1969. Suppression of vic- 
torin toxicity in oats by uranyl salts. Phyto­
pathology 59, 1960-1962.

Hanchey, Penelope and H. Wheeler. 1969. 
Pathological changes in ultrastructure: false 
plasmolysis. Can. J. Botany 47, 675-678.

Harrison, M. D. and J. R. Venette. 1970. Chem­
ical control of potato early blight and its ef­
fect on potato yield. Am. Potato J. 47, 81-86.

Heikes, Eugene P. 1969. Economics of weeds. 
Colo. Weed Conf. Proc.

Heikes, Eugene P. 1969. The benefits of weed 
control in row crops. Colo. Weed Conf. Proc.

Heikes, Eugene P. 1970. Evaluation of herbicides 
in corn at six Colorado locations. West Soc. 
of Weed Sci. Pro.

Heikes, Eugene P. 1970. Evaluation of herbicides 
for weed control in dry beans. West Soc. of 
Weed Sci. Pro.

Heikes, Eugene P. 1970. Evaluation of herbicides 
for new seeding alfalfa. West Soc. of Weed 
Sci. Pro.

Heikes, Eugene P. 1970. Evaluation of herbicides 
for weed control in cucurbits. West. Soc. of 
Weed Sci. Pro.

Heikes, Eugene P. 1970. Colorado Weed Control 
Handbook.

Heikes, Eugene P. 1970. Weed control by legis­
lation or education. West. Soc. of Weed Sci. 
Pro.

Heikes, Eugene P. 1970. The Mode of Action 
of Herbicides. Agrichemical West.

Hora, T. S. and R. Baker. 1970. A volatile factor 
in the phenomenon of fungistasis. Nature 225, 
1071-1072.

Johnson, T. B., C. Ross, and R. Baker. 1970. 
Similarity of cytokinin contents and electro­
phoretic bonding patterns of soluble RNAs 
from crown gall tumor and tomato stem tis­
sues. Biochem. Biophys. Acta 199, 501-524.

Klein, W. M. 1969. Observations on the Am- 
chitka flora in the vegetation of Amchitka Is­
land, Aleutian Islands, Alaska. U.S. Geologic 
Survey Professional Paper 648.

Klein, W. M. 1970. Observations on the Am­
chitka Flora. U.S. Geol. Survey Bull. Prof. 
Papers No. 648.

63



64 Klein, W. M. 1970. The evolution of three di­
ploid species of Oenothera subgenus Anogra. 
Evolution 24:4.

Laut, J. G., N. Oshima, and L. E. Dickens. 1969.
The recurrence of Dutch elm disease in Colo­
rado. Plant Dis. Rptr. 53, 253.

Lindsey, D. L. 1970. Effect of Aspergillus flavus 
on peanuts growns under gnotobiotic condi­
tions. Phytopathology 60, 301-382.

Luepschen, N. S. and K. G. Rohrbach. 1969. 
Cytospora canker of peach trees: spore avail­
ability and wound susceptibility. Plant Dis. 
Rptr 53, 869-872.

Oshima, N., L. E. Dickens, and B. F. Counter. 
1969. Incidences of pythium will of snap 
beans in Colorado. Plant Dis. Rptr. 53, 766.

Paul, Mary, D. Grant, and R. Baker. 1970. Ribo­
nuclease induced alterations in Agrobacterium 
tumefaciens Phytopathology 60, 381-382.

Rohrbach, K. G. and N. S. Luepschen. 1969. Sea­
sonal changes in sugar alcohols and sugars in 
poach bark: a possible relationship to Cyto­
spora canker susceptibility. Proc. Am. Soc. 
Hort. Sci. 93, 135-140.

Ross, C. 1970. Antimetabolite studies and the 
possible importance of leaf protein synthesis 
during induction of flowering in the cocklebur. 
Proc. 1967. Symposium on Cellular and Mo­
lecular Aspects of Floral Induction. Longmans, 
Green and Co., Ltd., London.

Salisbury, F. B. and C. W. Ross. 1969. Plant 
Physiology. Wadsworth Publ. Co., Belmont, 
Calif.

Stack, S. M. and W. V. Brown. 1969. Somatic 
and premeiotic pairing of homologues in 
Plantago ovata. Bull. Tor. Bot. Club 96, 143- 
149.

Stack, S. M. and W. V. Brown. 1969. Somatic 
pairing, reduction and recombination: an evo­
lutionary hypothesis of meiosis. Nature 222, 
143-149.

Swan, J. M. A., R. L. Dix, and C. F. Wehrhahn.
1969. An ordination technique based on the 
best possible stand defined axes and its ap­
plication to vegetational analysis. Ecology 50, 
206-212.

Ward, R. T. 1969. Ecotypic variation in De­
schampsia caespitosa (L) Beauv. from Colo­
rado. Ecology. 50, 519-522.

Wells, T. and R. Baker. 1969. Gravity compen­
sation and crown gall development. Nature 
223, 734-735.

Wilson, D. M. and R. Baker. 1969. Physiology 
of production of perithecia and microconidia 
in Hypomyces solani f. sp. cucuribtae. Trans. 
Brit. Mycol. Soc. 53, 229-236.

Zimdahl, R. L. 1969. The case for weed science. 
Agrichemical Weed. Oct.-Nov.

Zimdahl, R. L. et. al. 1969. The degradation of 
triazine and uracil herbicides in soil. Weed 
Res. 10, 18.

Theses

Antonopoulos, Antonios Aristides. 1969. Plant 
Pathogen - Herbicide Interactions. Ph.D. Co­
advisers: jess L. Fulls and William A. Kreutzer.

Johnson, Terrance Burton. 1969. Cytokinins 
and Crown Call Tumorgenesis. Ph.D. Ad­
viser: Cleon W. Ross.

Jones, Alan Charles. 1970. Cytospora pycnidio­
spore Dissemination. M.S. Adviser: Norman S. 
Luepschen.

McClintock, Mary Elizabeth Fellion. 1969. Effect 
of Gravity on Wheat Respiration. M.S. Ad­
viser: William A. Kreutzer.

Steen, Ordell Arlen. 1969. Aspen Grove Die­
back in Saskatchewan. M.S. Adviser: Ralph L. 
Dix.

Weatherspoon, Dan Mobley. 1969. Competi­
tion of Kochia in Sugarbeets. Ph.D. Co-Ad- 
visers: Jess L. Fults and Edward E. Schweizer.

DEPARTMENT OF CHEMISTRY

Ainsworth, Cameron, A. R. McCarthy, and D. W.
Ollis. 1969. Dipole moment measurements of 
meoionic compounds. J. Chem. Soc. B1185.

Ainsworth, Cameron and F. Chen. 1970. Syn­
thesis of 3,8-dihydroxyspiro (4,4) non 3,8 
diene-2,7-dione via a diacyloin condensation. 
J. Org. Chem. 35, 1272.

De Bruin, Kenneth E., G. Zon, K. Naumann, and
K. Mislow. 1969. The stereospecific desulfur­
ization of acyclic phosphine sulfides with hex­
chlorodisilane and the alkaline hydrolysis of 
monalkoxy- and monalkylmercaptophosphon­
ium salts. Stereochemistry and Mechanism. J. 
Am. Chem. Soc. 91, 7028.

De Bruin, Kenneth E., G. Zon, K. Naumann, and
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