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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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Honorable John A. Love 
Governor of Colorado 
Denver, Colorado

Dear Sir:

In compliance with the Act of Congress en
titled "An Act to Establish Agricultural Experi
ment Stations," approved March 2, 1887, and 
with Acts supplemental thereto, we hereby pre
sent Colorado State University's Eighty-Second 
Annual Report. This report encompasses research 
activities of the Colorado State University Experi
ment Station and of other major divisions of 
Colorado State University for the fiscal year 
1968-69.

Respectfully,

Rue Jensen
Vice President for Research 
Colorado State University

Donald F. Hervey  
Director, Colorado State 
University Experiment Station
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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 & 
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 
sponsors. Facilities for preparation of proposals 
are also available including pricing, typing, re
production 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 & Grants Administration negotiates 
the provisions of the agreement, and subsequent
ly handles the numerous details of administra
tion. The Office of Contracts and Grants has 
responsibility to relieve the research investigator 
of the contingent mundane details. The prose
cution of the research is the responsibility of 
the principal investigator. Accounting for all 
research projects is provided by the University 
Accounting Office under the Vice President for 
Finance.

During the 1968-69 fiscal year, 410 proposals 
were submitted requesting support for over 
$41,000,000. During the same time, 359 research 
projects were awarded to the University with 
a value in excess of $13,000,000, an increase of 
19 percent above the amount of the previous 
fiscal year.
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Mdntire- Specific State Research
Hatch RRF Stennis Research Approp. Sales Total

Carry-over—7/1/68 14 1̂7.14 497.78 5.82 27,478.19 42,898.93
Receipts 1968-69 504,665.00 283,186.00 62,361.00 29,500.00 2,160,422.00 304,010.81 3,344,144.81

Total Revenue Available 504,665.00 283,186.00 77,278.14 29,997.78 2,160,427.82 331,489.00 3,387,043.74

Expenditure of Revenue:
Personal Services 412,333.01 232,525.00 47,597.46 19,184.36 1,350,181.54 74,659.31 2,136,480.68
Travel 10,663.74 12,102.26 1,306.50 43,149.63 5,591.64 72,813.77
Equipment 
Land & Structures

6,967.89 1,608.33 2,916.35 2,914.17 71.461.95 29,923.34 115,792.03

Personal Benefits 95,689.97 3,169.95 98,859.92
Supplies & Materials 33,855.63 29,488.35 3,825.19 590.16 138.308.15 84,571.33 290,638.81
All Other 40,844.73 7,462.06 3,990.09 191.29 93.885.58 133,573.43 279,947.18
Plant M&O 367,751.00 367,751.00

Total Expenditures 504,665.00 283,186.00 59,635.59 22,879.98 2,160,427.82 331,489.00 3,362,283.39

Balance 6/30/69 
Total Expenditures

17,642.55 7,117.80 24,760.35

& Balance 504,665.00 283,186.00 77,278.14 29,997.78 2,160,427.82 331,489.00 3,387.043.74

College Total
Contracts 

and Grants
Experiment

Station

Faculty
Improvement
Committee

Facilities
Development

Agricultural Sciences 2,477,841 1,003,167 1,463,743 800 10,131
Business 17,038 17,038
Engineering 4.651,228 4,345,534 276,373 700 28,621
Forestry and Natural Resources 1,156,791 914,679 233,998 2,205 5,909
Home Economics 433,704 325,884 86,997 20,823
Humanities and Social Sciences 1,635,143 1,512,219 112,719 10,205
Matural Sciences 
Veterinary Medicine and

1,646,427 1,407,671 230,916 7,840
Biomedical Sciences 3,093,056 2,800,630 267,566 3,000 21,860

Other* 1,768,473 1,059,471 689,971 250 18,781

Totals 16,879,701 13,386,293 3,362,283 25,000 106,125

’ 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.
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Financial Statement
COLORADO STATE UNIVERSITY EXPERIMENT STATION - FISCAL YEAR 1968-69



College Masters Doctors
Agricultural Sciences 38 10
Business 14
Engineering 96 25
Forestry and Natural Resources 45 10
Home Economics 25
Humanities and Social Sciences 280 10
Natural Sciences 85 38
Veterinary Medicine and Biomedical Sciences 37 21
*Includes August 1969
Totals 620 114

16.9summary of expenditures for research 1960-1969 
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Natural Resources Center. The Natural Resources 
Center coordinates education and research pro
grams dealing with man's use and development 
of land, water, and atmosphere. These programs 
cut across departmental, college, and institutional 
boundaries. In addition, the Center administers 
a Federal program of water resources research 
funded through the Office of Water Resources 
Research (OWRR), U. S. Department of the In
terior. The missions of the Center are to stimu
late more and better research on natural re
sources problems of the state and nation, train 
scientists and engineers for the task of natural 
resources development, and improve the flow of 
communication between those engaged in re
search and those engaged in its application.

Five water research projects have been con
ducted during the past year under an annual 
allotment of $100,000 funded by OWRR. Thirty- 
two professional research scientists or engineers 
representing 14 disciplines participated in 17 
sub-projects. Five technical papers were pub
lished with an additional ten papers in process 
for future publication. Twenty-five students re
ceived advanced graduate training, four of whom 
completed theses.

An OWRR matching research grant program 
supported 12 major research projects. A total 
of $151,000 was provided in Federal funds, 
matched by an equal amount from State sources. 
Thirty-five research scientists and engineers from 
13 disciplines were engaged in these projects 

. Training of 25 students was provided 
through participation in the research.

During the year four new matching research 
grant projects were authorized for Colorado 
through OWRR with $175,000 of Federal funds 
to be matched by an equal amount of State funds, 
over a three-year period.

The Center, through the activities of nine 
standing committees and several special com
mittees, has participated in academic activities 
related to natural resources, regional planning 
for new research or educational programs, co
ordination of research programs with State and 
Federal agencies, and general public affairs con
cerning natural resources.

Experiment Station. The Colorado State Univer
sity Experiment Station is a complex of faculty, 
graduate students, technicians, laboratories, and 
field stations near the campus at Fort Collins 
and at 11 other locations scattered through

out the state. Most of the scientists involved are 
both researchers and teachers.

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 institution 
to promote investigation into the basic principles 
and useful applications of science relating to 
agriculture. In 1962 the Mclntire-Stennis Coop
erative Forestry Research Act expanded the ef
forts of experiment stations by providing new 
funding for research in forestry. Since both of 
these Acts require state matching funds, the Ex
periment Station is supported cooperatively by 
both state and federal governments. Over the 
years the program of the Experiment Station has 
broadened through contracts and grants to en
compass 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, Gun
nison, and Grand Junction.

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
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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, recogni
tion, advancement, and other matters which 
may be recommended to improve effective
ness and welfare of the faculty."

In addition, the FIC is responsible for a modest 
amount ($25,000) in research funds. These funds 
are distributed by an ad hoc committee of five 
faculty members chosen by the FIC for their rec
ord of research. These research funds are granted 
to faculty members who submit proposals to this 
committee for the establishment of new research 
projects on campus. Forty-seven grants from FIC 
funds were made to 22 departments for fiscal 
year 1968-69, with the following distribution:

College
No. of 
Grants

Amount
Granted

Agricultural Sciences 1 $ 800
Engineering 1 700
Forestry and Natural Resources 4 2,205
Home Economics — —

Humanities and Social Sciences 21 10,205
Natural Sciences 15 7,840
Veterinary Medicine and 

Biomedical Sciences 4 3,000
Miscellaneous— Libraries 1 250

TOTALS 47 $25,000

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

University Planning Office. The Planning Office 
is responsible for the funding, programming, 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

Biophysical Science—  
Completed

State of 
Colorado

$ 50,000

Microbiology—  
Completed

HEW1 335,000

Chemistry Building—  
Under construction

HEW1 1,560,743

Anatomy-Zoology—  
Final design

NIH2 and HEW1 795,000

Beef-Cattle Nutrition 
Research Center

State of 
Colorado

90,000

Grassland Biome 
Research Lab

State of 
Colorado

225,000

1Health, Education 
and Welfare 

2National Institute 
of Health

In addition to the construction program responsi
bilities the Planning Office works with depart
mental and administrative committees in de
veloping proposals for additional research facili
ties and related research grant proposals. It also 
supervises facilities grant funds and administers 
proceeds from Research Foundation revenue 
bonds.

The University's present strong orientation 
to the upper division graduate training and re
search endeavors is reflected in a Five Year Pro
gram that calls for a 110 percent increase in exist
ing research space.
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foremost causes of death is due to fat infiltration 
into specific areas in the blood vessels (athero
sclerosis) and subsequent deposition of calcium 
salts. This eventually leads to hardening of the 
arteries (arteriosclerosis). Man is more susceptible 
than woman and high blood pressure, is related 
to the susceptibility to atherosclerosis. Since 1962 
a research group consisting of Drs. D. H. Will, 
M. L. Hopwood, and N. H. Booth has been study
ing the primary causes for the onset of athero
sclerosis in swine, concentrating on the sex dif
ferences and hypertension in the blood vessels. 
A miniature swine colony of approximately 150 
animals has been established at CSU to serve 
this research. It is recognized that swine de
velop atherosclerosis and that they can serve 
as a model for the human disease since they can 
eat similar diets, are sedentary in nature, suffer 
cerebral damage, and have similarities in the 
heart and coronary vessels. Measurements on 
blood vessels of male and female swine con
ducted at the Department of Physiology and Bio
physics show that under induced high blood 
pressure female swine differ from males. One 
apparent difference is that when the main ar
terial trunk, the aorta, is constricted to render 
both males and females hypertensive, the latter 
do not suffer enlargement of coronary vessels, 
whereas males are affected significantly. Differ
ences between blood vessels in oxygen consump
tion, production of mucopolysaccharides (elastic 
components) and concentration of glucose indi
cate that the female has protection against 
vascular damage. These studies will be con
tinued.

Automated Psychotherapy. Dr. Richard M. Suinn, 
professor of psychology and a trained clinical 
psychologist, has been actively engaged in re
search which may lead to the replacement of 
therapists such as himself. Within the past ten 
years a major revolution— behavior therapy— has 
developed in the techniques for treating emo
tional problems which challenges previous pro
cedures such as psychoanalysis, insight therapy, 
and other psychodynamic therapies based on the 
Freudian view of man and his problems. Unlike 
Freud, the behavior therapists believe that symp
toms of maladjustment are a result of defective 
learning rather than of deep, symbolic emotional

conflict. Fear of flying, for example, is seen as 
a learned response to the stimuli of airplanes 
and not because flying has sexual connotations 
representative of unresolved emotions.

On this basis the behavior therapist can 
draw from the vast pool of laboratory evidence 
on human learning of normal behavior and ap
ply the same principles to pathological behavior. 
Rather than discussing the childhood significance 
of the symptom, the behavior therapist prefers 
to establish a learning condition which will pro
mote adaptive, healthy behavior or extinguish 
pathological responses. Desensitization is one 
type of behavior therapy found especially valu
able in the treatment of phobias, in which the 
client is trained in relaxation responses and then 
systematically and gradually exposed to visual 
scenes which currently arouse varying degrees 
of fear responses. The client soon exhibits re
laxed responses instead of fear when presented 
with the visual stimuli. Dr. Suinn is credited 
with being one of the first to modify this stand
ard desensitization procedure so as to make it 
possible to treat clients in groups instead of indi
vidually. Others have attempted to use closed- 
circuit television so that greater numbers of 
groups could be treated at the same time. Dr. 
Suinn's current research takes the next logical 
step of removing the therapists completely from 
contact with any clients; tape recordings are 
prepared for instructing the clients in relaxation 
and visualization. "This is not a unique notion," 
Dr. Suinn comments. "After all, we have de
veloped in the area of academic eduction such 
devices as programmed textbooks and teaching 
machines which do away with the teacher."

Professor Suinn has been interested in ex
ploring ways of perfecting the therapeutic pro
cedures and developing more effective methods 
of treatment. One innovation that has appeared 
promising is the "massing" of desensitization 
meetings. Instead of the traditional once-a-week 
sessions, he sees clients daily for an hour, for 
a period of one week. This massed learning 
proved successful in removing a phobia of spid
ers of a group of clients. While prior to treat
ment none of the 20 clients were able to put 
their hands near a spider, following therapy 16 
could do so. In comparison with traditional 
Freudian therapeutic approaches in which treat-
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ment stretches over weeks, months, and years, 
this one week desensitization period is remark
able.

In a project started this spring, Dr. Suinn is 
examining a new approach to phobias. This 
approach views fears as highly aversive attitudes; 
in the case of phobias, the attitudes are so 
powerful that they force the person to avoid or 
withdraw from the topic or object. The research 
evidence indicates that attitudes, opinions, and 
even self-related beliefs can be controlled by an 
experimenter using operant reinforcement learn
ing; in this, he selectively rewards the subject 
whenever the desired attitude is expressed verb
ally. Graphs of the subject's attitude statements 
during these sessions show a systematic increase 
in the number of such statements as a result 
of reinforcement (reward).

This procedure has even been demonstrated 
to be effective when the examiner reinforces a 
stranger who has been called on a telephone 
and asked to express an opinion on a contro
versial issue. Professor Suinn is applying similar 
tactics by presenting paired statements to clients 
with animal fears and asking them to read the 
statement which would characterize the attitude 
of a veterinarian. One of each pair is a state
ment which expresses a positive attitude towards 
the feared animal. Each time the client selects 
this statement, he is reinforced by the therapist. 
In effect, the therapist is shaping the client's 
attitudes away from the previous aversive, fearful 
attitude and toward a more accepting, comfort
able one. Results are expected to demonstrate 
a removal of the fearful attitude and the be
haviors attached to these fears. Of significance 
is the fact that in all previous studies of attitude 
and opinion change, the subjects were unaware 
of either the use of rewards or their own change 
in attitudes. Similarly, Dr. Suinn anticipates that 
recovery will occur without insight, or even the 
client's being aware of his being in "therapy."

Black-Tailed Jackrabbits on Sandhill Rangeland.
The diet of the black-tailed jackrabbit (Lepus 
californicus) at the Eastern Colorado Range Sta
tion follows definite seasonal trends. The jack- 
rabbits eat about 40 species of plants in signifi
cant amounts. Fifteen plants made up 86 per
cent of the yearly diet.

Western wheatgrass and alfalfa served as

staple foods although many other plants were 
eaten in small amounts. A preference was shown 
for the green regrowth of western wheatgrass 
and alfalfa.

After forbs in the sandhill pastures matured 
and became unpalatable, jackrabbits shifted 
their feeding activities. Most jackrabbits in late 
fall and winter feed in alfalfa fields and western 
wheatgrass pastures. Alfalfa fields were used 
most in February when snow covered the short 
vegetation. In the spring and summer rabbits 
fed on sweet clover and alfalfa in old fields and 
on other forbs and grasses in the native pastures.

About 60 percent of the yearly diet of the 
jackrabbit was made up of plants that were eaten 
in small amounts or were preferred only at a 
particular time of the year. Certain foods were 
preferred for short periods. Six-weeks fescue, 
while it was in a green vegetative stage, was the 
second most important item in the diet in late 
April. Utilization of this grass more than doubled 
after it flowered and it was the most important 
constituent of the diet in late May. Sand drop- 
seed was eaten in large amounts only after it 
had flowered. Prickly pear and ground-cherry 
were relished only when their fruits were ripe 
in late summer and fall. Sand sagebrush was 
eaten only after its leaves began to fall in Nov
ember. A similar trend on utilization of big 
sagebrush was reported in Utah. Blue grama 
and prairie sand reed were preferred only during 
the summer, although they were the most abun
dant plants and were available throughout the 
year.

Jackrabbits probably influence secondary 
succession on old fields and denuded ranges and 
decrease the longevity of reseeded forge stands 
on rangelands. Over a period of 6 months jack
rabbits can deposit 12.75 Ib/acre of sand drop- 
seed in fecal pellets on an abandoned field. 
Furthermore, the digestive processes of the jack
rabbit increase the viability of the seed from 4.2 
percent to 31.3 percent. Sand dropseed invades 
reseeded pastures and increases as the amount 
of intermediate wheatgrass decreases at the East
ern Colorado Range Station. Some jackrabbits 
concentrate on areas seeded with a grass-alfalfa 
mixture and disseminate sand dropseed seed 
while feeding, thus contributing to the invasion 
of the species.

2



Black-tailed jackrabbits defecate about 545 
pellets per day. From counting the numbers of 
pellets deposited on the rangeland in 1968, we 
estimated that the average density of jackrabbits 
was about 3.2 per acre. From 15 April to 30 
May, the density of jackrabbits averaged 1.0 per 
acre. From 30 May to 10 July the density of 
jackrabbits averaged 2.5 per acre. From 10 July 
to 5 August the average density was 4.5 per 
acre. There were about 4.5 jackrabbits per acre 
in September 1968. The last previous peak in 
jackrabbit density was 11 years ago, in 1958.

The dry weight of forage consumed by jack
rabbits on the rangelands from April to Septem
ber was estimated to be about 50 Ib/acre and 
averaged about 10 percent of the average dry 
weight of plants on the rangelands.

Clothing and Social Acceptibility of Adolescents.
Social acceptibility is a crucial prerequisite for 
the individual's self-image and mental health. 
This is especially true for the adolescent. Twelve 
states are participating in a large-scale project 
to determine to what extent clothing and gen
eral personal appearance influence society's ac
ceptance of the individual.

Findings of this research are expected to 
be a valuable aid in any effort directed toward 
improving the status of the economically dis
advantaged. Since results of a pilot study run 
during 1967-68 seemed to warrant further in
vestigation, Colorado State University has con
ducted a large-scale study using a sample of 
105 boys and 115 girls at a local high school. 
Data are being analyzed at this time, and results 
will be available for publication in summer 1970.

Color and Flavor Deterioration in Raw Meat. The
first thing that catches the consumer's eye at the 
meat counter is the color of the meat. Fresh 
bright red meat is desirable and is selected; dark
ened meat is not. Wrapping meat in transport 
oxygen-permeable film allows pigment change 
after several hours. Researchers have found that 
flavor and odor deterioration take place in associ
ation with color change. This rapid loss of qual
ity is not caused by microorganisms; the meat 
is not spoiled in the usual sense. Oxidation of 
both pigment and lipid is the culprit. If oxida
tion can be delayed or prevented, attractive, un
spoiled meat can be displayed for longer periods. 
More and better meat at lower prices could 
result.

Researchers' efforts have been directed to
ward determining the relationship between color 
and flavor deterioration— a "chicken and egg" 
riddle. When common lipid antioxidants, such 
as propyl gallate and BHA, are added to ground 
beef round, quality is retained longer. Lipid oxi
dation and flavor changes are halted and pigment 
deterioration is somewhat reduced. Addition of 
ascorbic acid (vitamin C) in conjunction with 
antioxidants results in a superior product because 
color is well preserved. Groups of students asked 
to select meat for purchase invariably chose these 
samples. Research is proceeding to determine 
exactly how these compounds act on meat. In 
order to do no disservice to the consumer, it 
must be determined if these additives mask spoil
age.

Competitive Bid Price Determination. While 
operations research techniques have been ap
plied to the determination of competitive bid
ding strategies in empirical studies, the recently 
developed field of Bayesian statistical analysis 
has not. Academic writers have cited the poten
tial benefits of utilizing Bayesian statistical analy
sis in the determination of competitive bidding 
strategies, but no empirical research in this area 
has been undertaken as yet. Dr. Stephen  
Paranka of the College of Business has been con
ducting a two-phase study of firms engaged in 
competitive bid operations. In phase one, a 
small questionnaire survey has been conducted 
of the Fortune magazine directory of the 500 
largest corporations in the United States; re
sponses to this mail survey are being analyzed 
for significant relationships. In phase two, ques
tionnaires were mailed to representatives of 16 
firms which had complied with invitations to bid 
on a selected federal government contract. A 
case study is being developed to provide a con
structive basis for studying the determination 
process for competitive bids.

If the assumed hypothesis—that the appli
cation of Bayesian statistical analysis will im
prove the efficiency of competitive bidding— is 
valid, business executives will have the basis for 
a more sophisticated approach to determine 
competitive bidding strategies. More efficient 
answers can then be developed to answer such 
relevant questions as, what is the probable pay
off at different bid levels, would a bid be feasible, 
at what price level should a bid be offered and 
what competition is likely?
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Concepts of Authority. Authority is a funda
mental concept of management operations. Ef
fectiveness of management operations is highly 
dependent upon the manner in which authority 
is allotted and applied. Dr. Ronald L. Wiggins 
of the College of Business is conducting a study 
of concepts of authority. The work thus far has 
been concerned with definitions and meanings 
of authority within the classical framework, i.e., 
the "management process" school. A number 
of related terms occur and have been considered. 
How the classical concepts have been applied 
within the field of industrial relations is a par
ticular focus of the study.

Another phase of the investigation concerns 
organizational relationships and practices in in
dustrial relations as they relate to other schools 
of management theory.

Controlling Estrus and Ovulation in Cows. Short 
breeding periods in beef cattle have many ad
vantages, chief of which is control. Control of 
the beef cow herd during critical periods such 
as calving and breeding would allow manipula
tion of the cow herd through nutrition, manage
ment, and labor to insure the greatest success.

The development of a simple, relatively 
cheap, and effective method which would insure 
that entire groups of animals would ovulate at 
the same time would give the rancher an effec
tive tool for control.

Dr. J. N. Wiltbank of the Department of 
Animal Science has initiated a research project 
to introduce and test a new technique for syn
chronizing estrus and ovulation which would 
overcome the problems encountered with pres
ent methods of estrus synchronization. It syn
chronizes only cycling cows and low fertility has 
been observed at the synchronized estrus. His 
studies so far have shown that estrus can be syn
chronized successfully in beef cattle using a sub
cutaneous implant containing a progestational 
compound in the wall of the implant. Fertility 
appeared to be lowered in heifers receiving the 
implant for 16 days but not in heifers receiving 
an implant for nine days along with an injection 
of estrogen. His data further suggest that syn
chronization of ovulation can be accomplished 
within a 24- to 48-hour period by the injection 
of an estrogenic agent following a nine-day 
estrus synchronization treatment. Thus, it ap
pears that this method is effective in synchroniz
ing estrus and ovulation, but small numbers of 
heifers make it impossible to draw any conclu
sions concerning fertility at the synchronized 
estrus.

Additional investigations are to be initiated 
to further evaluate the optimum hormone levels 
needed to obtain maximum fertility following 
synchronization of ovulation.

Control of Thermal Stratification. Thermal strati
fication of lakes and reservoirs often limits fish 
yield and may interfere with other recreational 
uses of such water. Controlling thermal stratifi
cation for better fishery management has long 
been regarded as economically unsound for all 
but the smallest lakes. The Department of Fish
ery and Wildlife Biology and the Colorado Divi-

Progestational implant used to control estrus in the 
cow. The compound is encased in a nylon sack and 
is sewed beneath the skin of the cow. The compound 
is released slowly and can be removed from the animal 
as desired.
Implant sewed under skin of cow can be removed 
as desired without injury or danger of infection.
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sion of Game, Fish and Parks are studying the 
feasibility and effects of eliminating or reducing 
thermal stratification. A recently developed 
aerator, originally designed for sewage treatment 
plants, has excellent potential for fishery prob
lems caused by thermal stratification.

Parvin Lake, a 62-acre montane reservoir and 
one of the Division's experiment stations, is be
ing used as a test site. Compressors, located on 
shore, are connected by plastic pipe to two 
aerators anchored on the lake bottom near the 
lake center. Aerators consist of a polyethylene 
cylinder with an internal, coiled separation. Air 
is forced into these aerators and is released in 
a spiral-like flow. Bubbling action creates water 
currents that break down thermal stratification. 
Aeration of the lake is a by-product that may 
have great signficance. Compressors will go into 
continuous operation in late 1969.

An intensive year-long preaeration study of 
Parvin Lake is now underway. Important chemical 
nutrients, plankton, bottom life, and fish are be
ing studied. Estimates of abundance, distribu
tion, and species composition of the biological 
parameters are being obtained. Such informa
tion provides a base from which to evaluate the

overall effect of eliminating thermal stratification.
An identical sampling program will be car

ried out for a second year but with compressors 
operating continuously. In addition to determin
ing changes in the ecology of Parvin Lake, the 
effectiveness of the system in eliminating thermal 
stratification will be ascertained. Cost analysis 
and efficiency are important criteria for consider
ation as a fishery management tool.

This project is funded by the Division of 
Game, Fish and Parks and is being conducted 
by Robert Lackey, Ph.D. candidate, Department 
of Fishery and Wildlife Biology, under the super
vision of Dr. W. Harry Everhart.

End v ie w  o f aerator

Aerators used to eliminate thermal stratification in 
lakes and reservoirs.
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Ecology of the Lark Bunting. Ecology is the at
tempt to understand the relationship of plants 
and animals to their environments—where they 
live, how they live, and, if possible, why they 
live as they do. Since the environment is our 
most essential possession, we must learn all we 
can about how and why its components do what 
they do.

Most of eastern Colorado is grassland, one 
of the major natural environments of the United 
States. This land does not become forested and 
its inhabitants develop to match their environ
ment. Dr. P. H. Baldwin, Department of Zo
ology, has initiated a project financed by the 
National Science Foundation to determine the 
feeding ecology of the Lark Bunting as a primary 
and secondary consumer in the grasslands. The 
Lark Bunting— the state bird of Colorado— is a 
small black songbird with white patches. In 
ecological terms it is a small consumer of in
sects and seeds that is particularly adapted to 
the grasslands, where it is often the most numer
ous songbird in the summer.

A field study is being conducted in north
eastern Colorado which will measure bird and 
nest density through the nesting season and the 
characteristics of habitat vegetation. The factors 
involved in nest site selection will be identified 
and measured. The plants and insects used as 
food by the Lark Bunting will be identified and 
the amount of energy in them determined.

The knowledge gained of the Lark Bunting 
will define its role in the total ecosystem and 
help to preserve the bird as an inhabitant of the 
grassland. It is important that all natural mem
bers of the environment be protected and pre
served in order to maintain stability in the grass
land ecosystem.

Economical Grain Processing. For several years 
many research stations, including Colorado's, 
have offered studies that show that the flaking 
process, particularly of corn and milo, will im
prove the efficiency of cattle feed utilization any
where from 5 to as much as 15 percent or more 
when compared to the conventional process of 
grinding or cracking grains. At CSU, Drs. J. K. 
Matsushima, R. J. McLaren, C. P. McCann and 
C . E. Kellogg of the Animal Science Department 
are pursuing studies along this line.

Although it has been fairly well established 
that the flaking process has certain merits, it

has not become a widely accepted commercial 
practice, particularly by small operators who 
have feedlot capacities of 2,000 head or less. 
The obvious reason for this is the large cost of 
the complete flaking unit, which includes a 
steaming system for rolled grain if it cannot be 
fed immediately.

A fairly large portion of the effectiveness 
of flaked grains appears to arise from the partial 
alteration of the starch and the physical nature 
of the flakes brought about by the steaming pro
cess. If a similar product could be produced 
without the use of steam, it should result in a 
cheaper process. An experimental machine de
veloped for this method is referred to as the 
"extruder." Dry whole grain, without any mois
ture addition, gravitates into a hopper, then into 
a housing which contains the stator and rotor. 
The auger-like rotor crushes the grain and forces 
it through an orifice consisting of the external 
portions of the stator and rotor, producing flakes 
about one millimeter thick.

High moisture grains have been ensiled and 
dry grains have been reconstituted to about 30 
percent moisture and ensiled. Limited research 
at CSU and data from various other experiment 
stations throughout the country indicate that the 
feeding of fermented high moisture grains does 
not promote feedlot cattle gains as well as feed
ing dry grains that are either cracked or flaked. 
This lack of gain appears to be promulgated by 
the lower dry matter consumption.

Data from the Colorado station indicate that 
the substitution of some dry roughage, such as 
alfalfa hay, for the corn silage seems to alleviate 
the problem when high moisture ensiled grain 
is fed. Feeding of high moisture grains, how
ever, has shown improvement in feed efficiency 
in nearly all comparisons in spite of the decreas
ed gains. This indicates that fermented high 
moisture grains or reconstituted grains are di
gested more effectively than dry-cracked or 
ground grains.

Additional research trials from the Colorado 
State University Experiment Station have revealed 
that dry corn can be extruded with resultant 
feedlot gains, as well as feed efficiency, nearly 
comparable to flaked corn. Ensiled high mois
ture corn does not appear to be as good a feed 
for feedlot cattle as flaked corn or extruded corn 
because of the decreased feed consumption.
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Economics of Water Transfer. In 1968 and 1969, 
Dr. Donald D. Rohdy of the Department of Eco
nomics studied the economic feasibility of irri
gation system consolidation in Northern Colo
rado Water Conservancy District Number Three. 
After examining three alternative consolidation 
plans, he concluded that the existing irrigation 
system results in the optimum benefits for the 
entire system and recommended its retention.

Ditches involved in the study were the 
Pleasant Valley and Lake Canal, the New Mercer 
Canal, the Larimer County #2  Canal, and the 
Arthur Canal. Two interrelated irrigation sys
tems also were considered with each alternative 
consolidation plan.

Of the three plans examined, the first would 
consolidate all four of the ditches, the second 
excluded only the Arthur Canal and the third 
would consolidate only the Larimer County #2  
Canal and the New Mercer Canal.

Since none of the consolidation plans 
physically exists and the physical operation of 
the existing system has never been studied in 
detail, it was necessary to simulate their oper
ations in order to make comparisons between 
the alternative schemes.

The alternative plans were ranked according 
to preference, both with respect to the upper 
system and to the lower system, by deriving in
difference maps for both of the systems. From 
these preference orderings, it was possible to 
derive a preference ordering for the entire sys
tem (upper and lower combined). Simultaneous 
confidence intervals were used to perform the 
ranking. The simultaneous confidence intervals 
were then computed in terms of future benefits 
and costs.

The major contribution of this study was 
the development of a method for analyzing the 
economics of irrigation system consolidation or 
of any system where welfare theory is applicable. 
The irrigation system which was analyzed served 
primarily as a case study for a demonstration of 
this analytical method.

Effect of Kind and Level of Shortening on High
Altitude Baked Products. During recent years re
searchers in the High Altitude Laboratory of the 
Food Science and Nutrition Department have 
been engaged in studying the effects of kind and 
level of fat upon quality of products baked at 
altitudes typical of Colorado. Many newer kinds

of fats in retail markets, representing both animal 
and vegetable sources and varying degrees of 
unsaturation, were substituted for shortenings 
specified in household recipes. Bread, cake, 
cookie and pastry recipes were modified as 
needed to produce good results using each fat 
at differing levels at altitudes of 5,000, 7,500 and 
10,000 feet. While actual level of fat which 
yielded best results varied with kind of fat or oil 
and type of baked product, from 11 to 58 per
cent above and/or below the amount specified 
in recipes could be used successfully. Statistical 
analysis of scores by taste panels for chocolate, 
yellow and white cakes revealed that kind of 
fat affected aroma, flavor, tenderness and texture 
of cakes more than did level of fat. The low level 
of fat used in these cakes was from 35 to 40 per
cent below the amount of shortening recom
mended in household recipes. These findings 
should be of benefit to individuals who need to 
restrict calories or fat in their diets. Doctors often 
recommend that cardiac subjects and patients 
susceptible to atherosclerosis by heredity, obes
ity, or increased cholesterol levels in their blood, 
restrict fat intake or type of fat included in the 
diet.

Environmental Pollution. Dr. Jack Altman of the 
Department of Botany and Plant Pathology and 
Dr. John Staley of the U. S. Department of Agri
culture Forest Service have initiated a project 
to determine the effect of air pollution on plants 
in the Denver area. An unexplainable needle 
tip burn was noticed on Ponderosa pine trees 
in the Denver area with a pattern of occurence 
related to the air drainage pattern over the city; 
the symptoms appeared similar to those caused 
by sulfur dioxide, ozone, or photo oxidants. How
ever, it was also found that the symptoms could 
be reproduced by varying salt concentration in 
the soil. Currently studies are being conducted 
to determine if a predisposing salt concentration 
in the soil makes the pine trees more susceptible 
to damage from air pollutants.

Dr. Charles Wilber, Chairman of the Zoolo
gy Department, is attempting to ascertain the 
effects of environmental variables such as pollu
tion, temperature, and mechanical stress on the 
pathology which may develop in the circulatory 
system of vertebrates, especially fish. This work 
is funded by the Air Force Office of Scientific 
Research and was begun with a study of the
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incidence of arteriosclerosis in fish in the pol
luted and unpolluted portions of the Delaware 
River and Bay. Research has continued on trout, 
examining the effect of many potential stresses. 
Initially the pollutants that cause stresses will 
be identified and the stress and resultant path
ology characterized; this work will eventually be 
expanded to include higher primates. Dr. Wilber 
has recently completed a monograph which 
analyzes and evaluates the literature dealing with 
the biological aspects of water pollution, which 
will be a very valuable and authoritative con
tribution to the study.

The U. S. Department of the Interior has 
funded a project to evaluate the water pollution 
potential at mountain dwelling sites. Many of 
these sites do not have water or waste disposal 
facilities, so a first step in site development is 
to drill a well and put in a septic tank. Because 
of the geologic nature of mountain terrain and 
the soil conditions, waste is often mishandled 
and serious yet totally unknown pollution can 
occur between properties or at one site. Dr. 
James P. Waltz will study the conditions that 
lead to pollution and ways to eliminate the prob
lem in the future. The goals of the study are to 
increase public awareness of the problem and 
develop a classification system to evaluate pol
lution potential on mountain dwelling sites.

Erosion Processes on Alpine Rangelands. Alpine 
tundra represents a major land type in the Rocky 
Mountain states. An estimated 5 million acres 
are classified as alpine tundra within the central 
Rocky Mountain region, of which 2¼  million 
acres occur in Colorado. These lands have been 
widely used as summer range for sheep through
out the region. In addition, necessary use for 
recreation has caused widespread concern among 
conservationists and land managers.

Alpine lands occur at the higher elevations, 
generally about 11,000 feet, in the Rocky Moun
tains. Because of the harsh environment at 
these elevations and the limited grazing season, 
vegetation is limited to various grasses, sedges, 
forbs, and shrubs which form a mat-like vegeta
tive cover.

Because of the increasing use of these lands, 
and the general lack of knowledge of the erosion 
processes at high elevations, a study was begun 
in 1965 to determine rates of erosion as related 
to various site factors including slope, aspect,

slope position, soils, and vegetation. Results of 
this study show that the normal erosion rate in 
undisturbed alpine rangelands is very low. Maxi
mum soil particle displacement from steep, es
sentially undisturbed slopes averaged less than 
3 feet over a two-year period. Maximum 
particle movement occurred on areas of natural 
snow accumulation while windswept slopes had 
less. Low rates of particle movement may be 
attributed to several factors. First, the coarse 
textured soils are relatively stable and highly 
permeable; as long as water can enter the soil 
freely it will not move soil particles. Second, 
normal rainfall intensities are relatively low dur
ing the summer and seldom cause surface runoff 
or erosion.

Crazing by sheep under the condition of 
this study does not greatly increase soil particle 
movement. Although measurable changes in 
vegetation density and compaction occur, and 
surface soil disturbances were observed, the tem
porary nature of the grazing impact as well as 
limiting the grazing to the late summer when 
soils are dry and relatively stable combine to 
minimize the disturbance and permit a rapid 
recovery. In spite of this, alpine soils and vege
tation are known to be extremely sensitive to 
repeated disturbances such as vehicle traffic. 
Once the alpine turf is broken and the soil be
neath disturbed, recovery is very slow and, if 
disturbances are repeated, severe erosion prob
lems may develop.

Mouine El Zoghet, a Syrian graduate student 
in the Department of Recreation and Watershed 
Resources, carried out the field and laboratory 
portion of the study on two mountains in the 
northern Colorado Front Range. The project, 
financed by the Office of Water Resources Re
search, is under the direction of Dr. W. D. Striffler. 
ler.

Establishment of Pine Seedlings. Researchers of 
the Department of Forest and Wood Sciences 
have been studying problems of pine seedling

Typical alpine rangeland found in the Rocky Mountain 
area.
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establishment using a miniature pressure cham
ber, popularly known as a "pressure bomb." A 
simplified, portable instrument to facilitate field 
use was made by modifying recently published 
specifications. With this device water stress 
within woody plants can be quickly and accurate
ly measured. To determine the internal water 
stress, a single twig (or bundle of needles) is 
removed from the tree and sealed in the "bomb" 
with its cut end protruding through a small hole 
in the top of the chamber. Nitrogen from a 
high pressure cylinder is slowly admitted to the 
chamber until just enough pressure is built up 
to force a small bead of sap out of the cut end 
of the twig. The pressure in the chamber is 
read the moment sap appears. This pressure 
equals the water stress, or tension, within the 
sap stream of the twig at the time it was cut. 
High water stress values indicate the tree's roots 
are unable to absorb water as rapidly as it is 
lost by potential transpiration; consequently, a 
tension is created in the sap stream.

Water stress in over 800 planted and natural 
pine seedlings was measured on two experi
mental sites near Pennock Pass. These measure
ments revealed that immediately after a rain, 
naturally established seedlings normally had an 
internal water stress of only 45 to 50 pounds per 
square inch (psi), but when drought became 
severe the sap tension often exceeded 600 psi. 
The maximum tension observed was just over 
900 psi.

Planted seedlings were found to have a high 
water stress until new root growth replaced the 
absorbing roots lost during planting. Usually 
two or three growing seasons were required be
fore water stress in planted stock and natural 
seedlings appeared to be equal. Planting method 
and root condition are key factors in hastening 
establishment, but seed source also appears to 
be important. Planting stock grown from seed 
obtained in Idaho had consistently lower internal 
water stress than comparable planting stock pro
duced from Colorado seed.

Extraction of Insecticides. Soil is recognized as 
a principal reservoir of environmental pesticides, 
particularly for the chlorinated hydrocarbon in
secticides such as DDT. The persistence of these 
insecticides in the soil has created problems in 
recent years.

Pesticide analysts are seeking continuously 
to improve procedures for the determination of 
pesticide residues. The chief objectives are to 
reduce the time of analysis and to increase the 
accuracy and sensitivity of the methods. The 
extraction of residues from soils is very important 
since residues not extracted are not measured. 
Soil's highly complex and variable nature com
plicates the extraction of residues. These chem
icals are often trapped by soil flora and fauna 
or by binding to soil particles.

Ultrasonic energy has been used in extrac
tion of various materials from plants, animals 
and microorganisms. Dr. R. E. Johnsen, Depart
ment of Entomology, has developed a method 
of using ultrasound to extract pesticide residues 
from soil.

An organic solvent is added to the soil 
sample and the high intensity ultrasonic gene
rator immersed in the soil-solvent solution. The 
generator is turned on maximum power for 30 
seconds. This process reduces the soil to a fine 
powder and transfers the insecticide into the 
solvent solution. By this method extraction may 
be accomplished in 30 seconds instead of the 
standard 8 hours. Various soil types containing 
residues were extracted with this new ultrasonic 
method and compared with other methods. Vari
ous experimental conditions were tested for their 
effect on extraction efficiency such as length of 
extraction, concentration of insecticide, soil mois
ture, type of insecticide, length of soil aging, soil 
wetting and drying cycles and extraction solvents.

Extraction of soil sample using high-intensity ultra
sonic generator (right).
The portable pressure bomb was designed for field 
measurement of internal water stress in seedling trees 
(left).
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Without exception, the high intensity ultra
sonic extraction method was superior to the 
other methods compared relative to extraction 
efficiency and ease of extraction. This method 
holds promise as a common soil extraction 
method for quantitative recovery of residues and 
great savings in time when analyzing a large num
ber of soil samples.

Financial Management Study. With his current 
study of financial management of flower gardens, 
Dr. John McKeever of the College of Business 
has discovered some very interesting facts rele
vant to financial management planning and con
trol of operations. First, most managers do not 
accumulate, record and report sufficient financial 
data to provide them with the necessary informa
tion to measure and improve performance. Sec
ond, the flower growers do not utilize uniform 
and consistent policies and procedures in classi
fying, recording, reporting and analyzing their 
financial data. Third, very little cost analysis, 
which is so necessary to the decision-making 
process, is being performed by management.

Thus, Dr. McKeever will extend the original 
research project, which was concerned with a 
financial management study of 20 firms in the 
Flower Growers Association, to include several 
new objectives: to determine a uniform system 
of accounting and cost control that would be 
applicable to the operations of all flower grow
ing firms; to develop a procedural manual to 
provide management guidance in classifying, re
cording, reporting and analyzing financial trans
actions; and to investigate the need for a train
ing program to assist the manager in better 
understanding, and integration of, the accounting 
and cost system into his operations.

Measuring Texture of Fruits and Vegetables. Tex
ture is an attribute of food that affects its fitness 
for handling, processing, and storage as well as 
its acceptance to the consumer. Research find
ings showed that Colorado homemakers placed 
high value on texture of a food. For certain 
foods, texture was more important to these con
sumers than was color or flavor. Whether an 
apple variety remains crisp, firm and juicy or 
becomes mealy, soft and dry affects its fate in 
marketing channels.

Sensory, chemical and physical methods 
were employed to measure textural qualities of

size 100 Golden Delicious, Red Delicious, and 
Winesap apples purchased from the same source 
in Washington and of Golden Delicious and Red 
Delicious apples produced at a Branch Experiment 
Station in Colorado. All the apple varieties were 
stored under controlled conditions until the day 
they were to be tested. An eight-member taste 
panel scored crispness, tenderness and juiciness 
of coded samples of the five lots of apples on 14 
dates during the 1968-69 year. Scores of the 
panel and data obtained from each of the chem
ical and physical tests chosen for measuring 
textural characteristics were treated statistically. 
Analyses of variance and covariance were used 
to find which, if any, objective measurements 
were related to panel evaluations of crispness, 
tenderness and juiciness. Moisture content and 
force required to shear apples correlated closely 
with panel evaluations for crispness and tender
ness.

Shear force is a quick and easy method of 
testing texture which can be adapted for use 
under field conditions. This procedure may prove 
to be of practical value to growers, processors 
and buyers.
Medicinals from Poppies. Prickly poppy is a 
spiney, noxious weed 1 to 3 feet tall with large, 
white, poppy-like flowers. The several western 
species occur in an elevational range of 3,500 
to 7,000 feet in Colorado and Wyoming. Dr. 
F. R. Stermitz of the Department of Chemistry, 
in his search for new medicinals, turned to these 
poppies because of their known content of alka
loids and the suspected activity of these com
pounds. The isolation, purification, and proof 
of molecular structure of these complex natural 
compounds has produced significant chemical 
knowledge and new products of possible medi
cinal value. This research has revealed, for the 
first time, a compound having both analgesic 
and quinidine-like activity within the same sub
stance. (Quinidine is a drug used to regulate 
heart rhythm.) To date, testing of the compound 
has been restricted to animals. It is significant 
that no mammalian toxicity has been detected. 
Since toxic effects are one of the main barriers 
to the use of new drugs in human medicine, this 
characteristic certainly favors the possibility of 
eventual testing of the material on human sub
jects.

Chemotaxonomic studies have revealed two 
additional Argemone species which should con
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tain alkaloids with the active structure. Thus, 
this study also has shown a unique relationship 
between alkaloid content and botanical classifi
cation. Possible additional valuable poppy spe
cies among the many occurring in Mexico have 
been pinpointed and await chemical analysis.

The long-term goals of these studies are 
to use the basic techniques of chemistry to pro
vide new medicinals, clarify the relation of chem
ical structure to physiological action, and under
stand alkaloid biosynthesis and metabolism in 
the plant.
Model for Determining Consumer Policies. Mar
keters traditionally have relied upon standard 
scaling techniques when determining what poli
cies consumers hold concerning a given product. 
Only very recently has attention been devoted 
to gauging consumer response via techniques 
that force multidimensional considerations.

Such techniques as the semantic differential 
fail to give this quality to the research. Investi
gators Dr. Ronald W. Hasty and Dr. R. Ted Will 
of the College of Business are working with a 
technique to describe and measure the policies 
held by consumers and to label those that are 
important to consumers in their purchases by 
recognizing the multidimensional aspects of the 
purchase decision.

The investigation required the development 
of an instrument adaptable to attitude research 
which would systematically measure the quasi- 
rational thought processes upon which attitudes 
are formed. Attitudes are proven to be formed 
neither entirely through rational processes nor 
entirely through intuitive processes; properties of 
both enter the formation. Thus, they are called 
quasi-rational thought processes. This means that 
a way to measure these processes is basic to any 
valid understanding of the attitude and ultimately 
the determination of policies held by the con
sumer. The technique employed to describe and 
measure these attitudes was an adaptation of 
the multiple regression model.

The study is a continuation of one funded 
by the University.

Modifying Solar Energy to Aid Plant Growth. The 
growth habits of many plant species are con
trolled by the quality of light energy they re
ceived. For many years researchers in light have 
known that solar energy transmitted through blue

filters yields shorter plants with increased vega- 
tative breaks. Red light contributes to cell elon
gation resulting in taller plants but delayed flow
ering. Under the direction of Dr. Kenneth L. 
Goldsberry, the Horticulture Department is in
vestigating the feasibility of tinting fiberglass re
inforced plastic panels, commonly used for green
house coverings, with hues of blue, pink, or vio
let. Cooperating in the study are three panel 
manfacturers, Filon Corporation, Lasco Industries, 
and Structoglas, Inc. Financial assistance includes 
grants from F. C. Cloeckner Foundation, Inc., and 
Colorado Flower Growers Association, Inc.

Plant growth data obtained during the short
est days of the year in chambers covered with 
tinted fiberglass reinforced plastic panels indi
cated that various plant species respond differ
ently to light quality. Tomatoes grown in high 
blue and low red light were short and slow in 
development. French marigolds grown in the 
same compartment were taller than those grown 
under the other covers. Panels transmitting the 
complete spectrum or those providing only slight 
decreases in the green portion of the spectrum 
provided the best overall plant growth.

An expansion of research efforts is planned 
to correlate light quality and quantity with all 
other plant growth factors including plant tem
peratures. Better control of the complete plant 
environment should enable the genetic potential 
of more plants to be realized.

Spectral Transmission Laboratory designed to evaluate 
transmission characteristics of coverings used for plant 
protection.

Transmission characteristics of fiberglass reinforced 
plastic sample are being determined with a recording 
spectroradiometer.

11



National Speech and Hearing Survey. The data 
collection phase of the National Speech and 
Hearing Survey conducted in the Department of 
Hearing and Speech Science in cooperation with 
the U. S. Office of Education was completed in 
June 1969. The primary purpose of the survey is 
to estimate the prevalence of speech and hear
ing disorders in the public school population.

The data collection procedures were divided 
into two phases, a pilot study involving a sample 
of over 6,000 subjects in the Rocky Mountain 
Census District and a national sample of approxi
mately 40,000 school-age subjects located in 100 
randomly selected school districts in the United 
States.

The pilot study, which was conducted in the 
Rocky Mountain Census District in 1967-68, was 
designed to evaluate methodology and specific 
procedures over an extended period of time as 
well as to collect data on a relatively large sample 
of subjects. Data from the pilot study were sub
jected to a preliminary analysis and the results 
were used as guidelines to modify procedures for 
use in collecting data on the national sample.

During the past year (October 1 ,  1968 - June 
1 ,  1969), six field survey teams used mobile units 
which were equipped with testing equipment to 
collect data on the national sample of 40,000 
subjects. The six survey teams departed from the 
Colorado State University campus on October 1, 
1968, and tested subjects continuously during 
the eight-month period.

In the procedure a battery of tests which 
was designed to evaluate pure-tone hearing abil
ity and numerous aspects of speech performance 
was administered to each of the 40,000 subjects 
individually. Hearing was evaluated by measur
ing the bilateral hearing acuity level for five pure 
tones. For speech, a subjective evaluation was 
made of articulation and voice proficiency and 
a standard test to determine phonemic accuracy 
was administered. The presence or absence of 
stuttering behavior during connected speech ac
tivities was also recorded. The total testing time 
required for each subject was 15 minutes. With 
three evaluators testing simultaneously, an aver
age of 50 subjects was processed each day by 
each of the six survey teams.

A preliminary analysis of the data on the 
40,000 subjects has been initiated and it is ex
pected that at least a year will be required to 
complete an analysis that will yield meaningful

information regarding the prevalence of speech 
and hearing disorders.

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

Performance of Permanent Press Garments. Colo
rado has completed the wear study phase of an 
investigation of men's permanent press white 
dress shirts. Ten volunteers were supplied with 
two 100% cotton and two 65% polyester/35% 
cotton shirts to be worn during normal work 
days at their offices. After each wearing, shirts 
were washed and tumble-dried in the textile 
laboratory, and returned without ironing to the 
wearers. At the end of 12 weeks, half of the 
shirts of each fiber content were withdrawn for 
evaluations by a panel of judges. The remaining 
half were retained for a second 12-week period 
of similar treatment. Following the final judging, 
shirts were sampled for physical testing in textile 
laboratories. Precise measurements were taken 
for comparisons of whiteness, smoothness, and 
strength of the new and worn shirts. Concurrent 
with the wear study, records were kept on tem
perature, humidity and water analyses.

Identical studies are being conducted at five 
other experiment stations to assess variations in 
appearance and durability possibly associated 
with differences in climate and water used for 
laundering.

Permanent School Trusts. A study has just been 
completed to determine the current condition of 
the permanent school trusts in the United States. 
The study was directed by Dr. Stanley M. Cole 
of the Department of Education and was sup
ported by the Ford Foundation.

The major finding of this research was the 
identification of a "sales" versus "retention under 
lease" controversy apparent in nearly every state. 
Relevant to the sales versus retention discussion 
is an unhealthy evolution that has developed 
during the history of our country and was identi
fied in this study. The evolution has in too 
many instances dissipated a land asset of sub
stantial value and/or abolished a productive per
manent school fund.

The typical evolutionary chronology is:
1. A state was awarded a grant of land 

from the federal government upon en
trance into the Union.

2. A portion of the land was sold creating
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a Permanent School Trust Fund to be 
held in perpetuity.

3. The state would then have a land asset 
and a permanent fund.

4. Over time, all the land was sold creating 
a larger permanent fund.

5. At some given time, the money would 
be borrowed by the state from the per
manent school fund to be used for other 
purposes.

6. A permanent debt was created, ac
knowledged by the state as an obligation 
that must be paid to the schools.

7. The permanent debt would then be writ
ten out of existence by statute or a con
stitutional change. If the permanent 
debt remained as a perpetual obligation, 
the fund became essentially hidden tax
ation with "interest" being paid on a 
fund that no longer exists.

The unfortunate evolution described is ap
parent in nearly all the states of our nation which 
retain trust lands. This evolution is a gradual 
one and must be a major consideration when 
land disposal practices are reviewed. The facts 
indicate that when the land asset is liquidated, 
somewhere through time, the total fund is also 
liquidated.

A second relevant contribution made by the 
research is found in the fact that much legislation 
is written in terms of obtaining "maximum rev
enue return" from public school lands. This un
fortunate phrasing has led to certain land abuses 
and has also promoted unwise selling practices 
in many states. Perhaps it is time to turn atten
tion to a focus on the principle of optimum 
revenue return from school lands as opposed to 
maximum revenue return. "Maximum return" 
tends to denote the greatest possible immediate 
revenue from the lands and is thus interpreted 
by most land administrators. "Optimum return" 
on the other hand suggests a compromise of con
flicting forces and an application of a long-range 
philosophy of efficient management. Optimum 
revenue may not be the most one can get out 
of the state land in revenue in any one year, but 
it is the most satisfactory revenue that can be 
obtained on a sustained yield basis, while being 
equitable to both the beneficiary and the land 
users.

The question of maximum immediate rev
enue return is nearly always tied to some type

of "prudent sale" which would purport to take 
advantage of inflated land values and invest the 
money in government securities. Land would 
then be placed on the tax rolls and income from 
investments would be greater than is currently 
being realized. This position is refuted by the 
argument that the holding of public school land is 
an excellent hedge against inflation. Land, per
haps better than any other asset, is the ideal hedge 
against the well-documented and historic infla
tionary spiral. Over time, land has shown a con
stant appreciation in value whereas fixed income 
securities have been constantly eroded by infla
tionary pressures. This fact above all others justi
fies continuing research into the problems of 
disposing of public school lands.

Political Factors of Colorado Water Development. 
Members of the Political Science Department 
of Colorado State University are currently con
ducting research in an area of crucial importance 
to Colorado— water resources. The underlying 
assumption of these research projects is that the 
development of water resources is more than 
a problem of engineering and economics. Po
litical factors, long ignored, may spell defeat or 
success for the attempt to provide an adequate 
water supply for Colorado's citizens. A recent 
report by the National Research Council Com
mittee states: "Communication to the public and 
its representatives of knowledge of alternative 
opportunities for water management and use 
will result in more rational decisions."

Charles L. Garrison, Duane W. Hill, and Roy 
L. Meek have isolated the factors which influence 
and restrict the range of options available to 
policymakers in local water agencies of north
eastern Colorado. The three-year study, com
pleted in August 1969, examines the relationships 
between the water agencies and general com
munity publics, relevant special publics, and 
other factors such as the legal framework and 
economic systems. Five communities were 
studied in depth and were categorized in terms 
of levels of administrative development and com
munity political participation.

A second aspect of water resource develop
ment— planning in local water distribution sys
tems— is the focus of a research project under 
the direction of Professors Hill and Garrison and 
Phillip O. Foss, Chairman of the Department. 
The boundaries of a water planning system will
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be determined empirically from the responses of 
those involved in planning. Three aspects of the 
political process will receive special attention: 
patterns of communication and methods used to 
promote communication among planners and 
between planners and the public; methods used 
to promote comprehensive, long-range planning 
and the factors which impede that goal; and the 
degree of involvement of public and private or
ganizations in the planning process. Extensive 
interview schedules are being used to obtain the 
relevant data.

Roy Meek represents the Political Science 
Department in an interdisciplinary and inter
university project to examine the economic, po
litical, and legal aspects of Colorado water law. 
The Departments of Economics at Colorado State 
University and at the University of Colorado and 
the Civil Engineering Department at the Univer
sity of Colorado also are involved. Emphasis 
will be placed on the effects of changes in water 
law on major water user groups and on Colo
rado's economy; the social and political changes 
resulting from new laws, court decisions, and 
public goals; and the impact of water law on 
the development of outdoor recreation. By
products of the research will include compiling 
and updating information on Colorado water 
law, court decisions, and changes in administra
tive policies.

The knowledge acquired by these three 
projects should help decision-makers in the vital 
area of water resources by alerting them to the 
political realities which condition their perform
ance. Furthermore, wide distribution of informa
tion about alternative courses of action should 
promote public understanding of, and participa
tion in, the policy-making process.

Radiation and Aging. Fundamental studies into 
the nature of life take many forms. Quite often, 
discoveries in one scientific field which are of 
considerable, even critical, importance in an
other are not recognized until a chance meeting 
of scientists occurs and until a chance remark 
leads to a happy marriage of ideas. In one im
portant field, the Department of Radiology and 
Radiation Biology and the Department of Physi
ology and Biophysics have not left things to 
chance and a collaborative study has been ini
tiated in an aspect of life which concerns all of 
us: aging.

It has been known for a number of years 
that cells have the ability to repair much of the 
damage inflicted upon them by radiation. The 
critical site of damage is the cellular deoxyribo
nucleic acid (DNA). The giant molecules of DNA 
are constructed from a very large number of 
units in the form of a code— the genetic code—  
which contains the information that a cell (and 
an organism) requires in order to exist, survive, 
and multiply. If the genetic code is disrupted 
and damaged by radiation, the cells will die un
less they are able to repair and restore the dam
age. The DNA exists in the cell in conjunction 
with protein in structures called chromosomes 
which become visible under the microscope in 
dividing cells. Irradiation produces aberrations 
of various types in the chromosomes; cells of 
dividing tissues have the ability to repair or elim
inate chromosome aberrations.

In mammals there are basically two types of 
tissues: (1) rapidly dividing tissue such as bone 
marrow in which cells are multiplying and re
placing older cells throughout the lifetime of the 
organism; and (2) nondividing tissue such as the 
nervous system where the full cell complement 
is attained not long after birth and thereafter 
grows older as the organism grows older. With 
special scientific techniques, it is possible to in
duce cell division in tissue which is normally 
nondividing. When this was done with tissue 
from animals of different ages it was found that 
the number of chromosome aberrations increased 
with the age of the animal. Moreover, if the 
animals were given small, nonlethal doses of 
radiation during their lifetime, additional chro
mosome aberrations were produced together 
with a decrease in the average life span of the 
animals.

Two questions should now be asked. Is the 
repair of chromosome aberrations related to the 
repair of DNA? And is the increase in the num
ber of chromosome aberrations which occurs 
with age due to the inability of the cells in non
dividing tissue to repair chromosomes and, by 
implication, DNA? If this were the case, cells 
in nondividing tissue would be less and less com
petent to perform their biological functions as 
they age because of the damage which would 
accumulate in their genetic systems.

To answer the overall question, it would be 
necessary to do two things: first, bring together 
competent scientists in the fields of DNA dam
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age and repair, and the long-term effects of ir
radiation; and second, provide a source of non
dividing tissue in aging animals. The Depart
ment of Radiology and Radiation Biology at Colo
rado State University has achieved the first ob
jective with two of its staff members, Dr. J. T. 
Lett and Dr. R. J. Garner, both of whom are 
recognized authorities in their fields, and has 
achieved the second by the maintenance over a 
number of years of the beagle colony at the Foot
hills Campus now under the direction of Dr. 
Garner. Another group of aging dogs is main
tained by Dr. W. J. Tietz, Chairman of the Physi
ology and Biophysics Department.

For the past ten years Dr. Lett has been one 
of the foremost researchers in the study of the 
formation and repair of radiation damage in cel
lular DNA. His basic approach to the problem 
has been to employ centrifugation and radio
active labelling techniques to measure molecular 
weight changes in the DNA isolated from irradi
ated cells of dividing tissues. Since DNA from 
nondividing cells cannot be radioactively labelled, 
standard biochemical assays which require large 
amounts of DNA are required. Dr. Lett has re
cently obtained an advanced experimental centri
fuge rotor of large capacity (on loan from Dr. 
N. G. Anderson of Oak Ridge) with which he is 
investigating the concept that DNA damage ac
cumulates in the brain of the dog with age. Iso
lated brain cells also will be studied to see if 
the capacity of neurons to repair DNA damage 
also varies with age. This research, which at
tempts to relate aging, radiation, and DNA dam
age, is supported by a research grant from the 
National Institutes of Health.

Reducing Evaporation in Soil. The recurring de
ficiency of moisture for the growth of crops in 
Colorado continues to be a major agricultural 
problem. In dryland regions, the approach to 
this problem must concern conservation and 
more efficient use of available precipitation. On 
most irrigated farms it involves more efficient 
use of the supply of irrigation water as well. 
Much of the present research by soil scientists 
is directed toward the discovery of new prin
ciples and methods applicable to these problems.

The benefits that could be derived from 
reducing evaporation losses of water from soils 
are significant. In this regard, research by the 
Department of Agronomy has shown that layers

Microwatershed studies to evaluate precipitation 
amounts on com growth. Agronomy Research Center.

of coarse-textured materials such as sand or 
gravel can reduce the annual evaporation loss 
from soils as much as 80 percent. This finding 
can form the basis for increasing groundwater 
recharge in semi-arid regions or for conserving 
water for plant use.

It also has been shown that cultivated soils 
with good aggregate stability lose less water by 
evaporation than soils with poor soil structure 
and stability. The development of soil crusts has 
been found to affect both the infiltration rate of 
water into the soil and evaporation. Thin dense 
soil crusts were formed by the flooding action 
of water. Resistance to entrance of water was 
greater in these crusts than in any other layer 
of the soil. Resistance to flow during evaporation, 
however, was greatest in the layer with large 
pores below the crust. Formation of a surface 
crust caused by rainfall resulted in an earlier 
surface drying and decreased evaporational loss.

In studies concerned with the efficiency of 
water use by crops, a relatively simple technique 
has been developed to control water stress in 
plants and to evaluate growth responses as in
fluenced by stress under laboratory conditions. 
The system is being used to evaluate growth and 
transpiration rates at controlled levels of induced 
plant-water stress in order to understand both 
stomatal behavior in leaves and physiological re
sponses to stress at various stages of plant growth 
and development.

Under field conditions at the Agronomy Re
search Center, initial evaluation of the amount 
and time of irrigation on crop yields and on the 
efficiency of water use in relation to yield per 
unit of water consumptively used has been made 
on corn, beans, and sorghum. Appreciable in
creases in yield per unit of water used were dem
onstrated on all crops when moderate water 
stress was allowed to develop. At lower stress 
levels (adequate water for growth), water use ef
ficiency was increased by nitrogen fertilization. 
An economic evaluation of water and fertilizer 
use in corn production has been made using 
data obtained from the field studies. Statistical 
production functions have been fitted to the 
input-output data to predict the most profitable 
point of operation for alternative price relations 
of water and fertilizer.

Soil moisture infiltration studies. Agronomy Research 
Center.
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Rural Poverty in Costilla County. A recently com
pleted study of Costilla County, Colorado, indi
cates that two-thirds of its residents are living 
in rural poverty. The study is a follow-up of a 
report by the President's National Advisory Com
mission on Rural Poverty, issued in September 
1967. Entitled "The People Left Behind," the 
report concerned the plight of some 14 million 
Americans who have not shared fully in the 
prosperity of our nation. Director of the Costilla 
County study was Dr. Rex D. Rehnberg of the 
Department of Economics.

Dr. Rehnberg found that Costilla County has 
been declining rapidly since 1940. From the first 
permanent settlement there about 1850, popula
tion increased steadily to 7,533 residents in 1940. 
Between 1940 and 1960, however, the population 
declined to 4,219 and the decline continues. 
During this period, Costilla County has had the 
highest rate of out-migration of Colorado's 63 
counties.

Out-migration is heaviest among young 
adults. As a consequence, the percentage of the 
county's population in the age group 20-40 is 
much less than in the state of Colorado or the 
United States as a whole. Moreover, migrants 
between 20 and 29 years of age had, on the 
average, about two more years of education than 
did those of the same age who remained in the 
county. The educational differential was less for 
older persons leaving the county.

Migration has been primarily to urban areas 
where job opportunities are greater and more 
varied. More than half of the migrants are now 
living in cities with populations of 10,000 or 
more. Less than one-eighth of the migrants have 
gone to other rural areas. More migrants moved 
to the Denver metropolitan area than to any 
other city, although Pueblo and Colorado Springs 
have attracted many, also.

The out-migration of young adults has af
fected the productive capacity of the county as 
a whole. As a result, approximately two-thirds 
of the families which remain in the county had 
an income of less than $3,000 in 1968. About 
one-fourth of the heads of households earned 
their living either as farmers, farm managers, farm 
laborers, or unpaid family workers. Nearly 40 
percent of the heads of households were retired, 
disabled, unemployed, or were housewives.

Deprivation shows up in statistics on basic 
facilities to meet elementary human needs. Less

than half of the homes had piped water, a bath 
tub, or shower; less than half had a telephone.

To improve the incomes of county residents, 
the rate of population decline must be arrested 
and new opportunities for gainful employment 
must be developed.

Dr. Rehnberg found that recreation and 
tourism, one of the fastest growing industries in 
the United States, offers the greatest potential 
to the county. The natural beauty of the area 
and the places of historical interest present op
portunities to develop such industry. Improved 
water and sewer facilities, now being installed 
in the larger towns, will facilitate construction of 
accommodations for tourists and visitors and also 
improve the quality of life for local residents.

The property and income tax base in the 
county is inadequate to generate the revenue 
needed to finance programs for recovery, so 
wherever possible, efforts should be made to 
secure state and federal financing for these pro
grams. The improvement of economic and social 
conditions in the county is not exclusively a local 
issue. The citizens of Colorado and the United 
States have a vested interest in seeing that all 
citizens have an opportunity to participate in the 
growing affluence of our society.

Serum to Aid in Transplantation. Transplantation 
of human organs has gained worldwide attention. 
The surgical techniques now employed need very 
little improvement. However, the main obstacle 
to transplantation still remains: the body's im
mune mechanism which wages warfare against 
anything "foreign" such as bacteria, viruses, and 
tissue grafts. Thus an organ graft, unless from 
an identical twin, is rejected unless a damper 
can be placed on the immune system. Doctors 
can inhibit the activity of the immune system 
with irradiation and powerful drugs, but too 
much suppression leaves the body open to in
fection. This is believed to be why the first heart 
transplant patient, Louis Washansky, died.

One of the newer approaches to suppression 
of the immune response is with anti-lymphocyte 
antiserum (ALS). Dr. D. C. Lueker and a graduate 
student, Jack Tribble, in the Department of 
Microbiology are working on a serum that may 
prove to be superior to serums now being used 
to fight transplant rejection. This is an antiserum 
to the thymus (ATS).

Tribble and Lueker believe that ATS is bet-
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ter than ALS because ATS suppresses a specific 
cell type which controls graft rejection. On the 
other hand, ALS suppresses many cell types some 
of which have nothing to do with rejection.

During their three years of research, the 
scientists found that ATS completely restructures 
the normal architecture of the thymus thereby 
reducing its ability to activate the body's rejec
tion process.

ATS was injected into mice about seven 
times during the first month after birth. At the 
end of the period, the animals showed the classic 
signs of wasting (loss of weight, lethargy, ruffled 
fur and hunched posture). All of these are indi
cations that normal functioning of the thymus 
had been suppressed. Armed with this data, ATS 
was used in mice which had received skin grafts 
from other mice. The result was a definite sup
pression of the rejection process.

The ATS produced at CSU is more potent 
than that being made at other universities testing 
the antiserum. This is a result of a new produc
tion method. Tribble and Lueker also discovered 
that by mixing ATS with spleen cells prior to 
injection, the serum's potency was greatly in
creased. Besides suppressing graft rejection, the 
CSU researchers found that ATS also effectively 
attacked on-set lymphoid leukemia in a strain of 
inbred mice. This disease is similar in many ways 
to the lymphoid leukemia found in man.

Sprinkler Irrigation Efficiency. Farmers are rapidly 
turning to labor-saving irrigation equipment. 
Center-pivot sprinkler systems are currently 
among the most popular of the new equipment. 
They consist of a sprinkler lateral supported by 
wheel-mounted towers at intervals of 90 to 124 
feet. This system is in constant motion during 
irrigation, with one end of the lateral pivoting 
at the center of the field. Individual sprinklers 
are selected and spaced so that their capacity 
is proportional to the area which they irrigate. 
The common size for this equipment irrigates 
a circle of about 132 acres out of a square 160 
acres.

Agricultural Engineer Dale F. Heermann de
veloped a mathematical model of the center- 
pivot sprinkler system, which has been verified 
by field tests, making it possible to simulate and 
analyze the operating characteristics of the sys
tem. The effect of changes in sprinklers, pipe 
diameter, and speed of operation can be studied

on a computer using the model.
These systems apply water in such a manner 

that it cannot be absorbed uniformly. Applica
tion rates exceed infiltration rates over a large 
portion of the area, resulting in water running 
off high spots and slopes into depressions.

Although modification of these systems can 
improve their performance, it is not likely that 
they can be designed to avoid applying some of 
the water at rates exceeding the intake rates of 
most soils. Since intake rates vary greatly with 
cultural practices, modification of soil intake 
rales by use of special tillage and planting 
methods has been included in a study being con
ducted by Donald L. Miles. Tillage and planting 
procedures have been developed which can 
eliminate all surface water movement in fields 
of continuously cropped corn. Other special 
treatments will reduce the amount of water 
movement under crop rotation.

The sprinkler studies have been directed to
wards problems of immediate importance. As a 
result, recommendations made f r o m  these 
studies have been put into use with nozzle sizes, 
operating pressures and pipe diameters being 
changed on nearly all new systems. Many older 
systems also have been modified.

The more difficult problems have been only 
partially solved. Therefore, remaining problems 
are becoming more important as the popularity 
of this equipment increases. With the help of 
a new Office of Water Resources Research grant, 
detailed studies are being made of the infiltration 
behavior of various soils under these systems, 
and ways to apply this information to more near
ly fit irrigation systems to the soils on which they 
operate.

Stability of Blood Flow. Research in the field of 
biomechanics has as its goal a better understand
ing of the physical processes of which life is 
comprised. One such process of great importance 
is the flow of blood in the human body. Despite 
an increasing amount of research directed to the 
study of the heart and circulatory system, some 
major physical characteristics of the system have 
yet to be examined. One of the most important

Biomechanics —  Hardee viscosimeter for biological 
fluids.
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of these is the stability of laminar blood flows 
and the possible transition from laminar to tur
bulent flow— a process which directly determines 
the amount of work imposed on the heart, for 
turbulent flow demands a more powerful pump 
than does laminar flow.

Research is being conducted to investigate 
the stability of the laminar flow of blood in glass 
pipes using an extremely sensitive electrokinetic 
technique to detect instabilities in the flow. 
Blood, however, is a very complex and variable 
fluid. Its physical properties, such as viscosity 
which is the governing property for the stability 
of flows, can vary considerably from sample to 
sample, even for samples from the same subject; 
therefore, one of the prime efforts has been the 
design and construction of a highly accurate 
viscosimeter, capable of determining the absolute 
viscosity of biological fluids in very small sam
ples. The design of this new viscosimeter is 
based on the theory of flow between rotating 
cones at very low Reynolds numbers.

The research is partially supported by the 
Air Force Office of Scientific Research. The re
search staff includes Dr. Knox Millsaps, Dr. A. 
G. Hardee, J. E. Nydahl, with supporting staff 
and students.

Studies in Germ-Free Environments. A gnoto- 
biotic environment is one in which all living 
components are known and can be controlled. 
No organism in nature lives in such an environ
ment; the natural environment is so complex it 
is often impossible to determine the role of each 
component.

One of the initial tasks of the gnotobiotics 
laboratory of the Department of Botany and 
Plant Pathology, originally developed by Drs. D. 
L. Lindsey and R. R. Baker and currently under 
the direction of Dr. W. A. Kruetzer, was to learn 
how to grow germ-free plants and maintain a 
germ-free, controlled environment. Concomitant 
with the development of this laboratory there 
was a great deal of interest in mycotoxins as 
potential human health problems. In particular, 
alarm was expressed at the amount of carcinogen 
(a substance that produces cancer) that might 
be present in peanuts and other common protein 
sources in human and animal diets. Therefore, 
the peanut has been studied intensively under 
gnotobiotic conditions.

There is a considerable amount of information

tion on the number and identity of microorga
nisms in the microenvironment surrounding the 
roots and peanut fruits; there is a dearth of in
formation on the effect these microorganisms 
have on the plant itself or its fruit, and their role 
in protecting against soil pathogens. The com
plexity of the microenvironment surrounding the 
peanut fruit in natural soil makes it very difficult 
to study the effect on the peanut fruit and the 
pathogen of individual microorganisms. For this 
reason gnotobiotic conditions where the total 
environment can be controlled are adapted for 
evaluations of microfloral environmental vari
ables.

The gnotobiotic environment is also suited 
for evaluation of other variables such as nutrients 
or continued growth in a germ-free condition 
which, for example, might be essential in space 
flights. In future extended space explorations 
the entire food, water, and oxygen supply of 
humans might well be dependent on plants. It 
would be imperative that the initiation of these 
flights not be coincident with the introduction 
of pathogens. Because of the likelihood of man's 
dependence on plants, the gnotobiologist is ex
amining ways to insure germ-free inhabitable en
vironments and their effects on man and his ani
mal and plant companions in space flight.

Study of Determinants of Stock Market Profits.
For most investors (and potential investors) the 
stock market is surrounded by an aura and mys
tery which seemingly defies comprehension. In 
part, this is understandable since the stock mar
ket deals with extremely complex economic and 
psychological factors. Much of the mystery can 
be stripped away, however, if the investor can 
grasp the fundamental factors which will influ
ence the profits he will earn in the stock market. 
Dr. Philip A. Shade of the College of Business 
is preparing a study in which he is attempting 
to identify the key variables that will determine 
investor profits, and to measure the magnitude of 
the effects of these variables on profits. A 
mathematical model is being developed which 
shows the investor precisely what he can expect 
to earn from an investment, given reasonable 
economic psychological expectations (assump
tions) about the stock. A side benefit of the study 
is that it should give the investor a rationale 
for determining the normal and maximum price- 
earnings multiples that he should pay for any
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stock (and especially those stocks categorized as 
"growth stocks").

Thermohaline Convection. As man's exploration 
and exploitation of the ocean's depths penetrate 
e\er deeper beneath the sea surface, it becomes 
increasingly important to recognize and hope
fully to understand the underwater climate.
In fact the thermal and chemical properties of 
seawater vary widely from place to place and 
often from time to time. These variations are 
important in the contexts of geophysical effects 
and biological conditions and their influence on 
the economics of the sea.

One of the features of the oceanic climate 
is a stratified structure associated with density 
differences. A density-stratified fluid consists of 
two layers each of roughly constant density sep
arated by an interface across which the fluid 
properties change sharply. Oil floating on water 
is an example of this sort of stratification. Strati
fications of the atmosphere and ocean are well 
known and are important to many natural phe
nomena. In the ocean and other bodies of 
water, nonuniform heating or cooling of the 
water, as well as the intrusion of one mass of 
water at one temperature upon another mass 
of water at a different temperature, can often 
be found. In the atmosphere the stratification 
appears in the form of temperature inversions 
so well known to city dwellers. In the ocean, 
though, there is the further complication of the 
effect of dissolved salt, which may also influence 
density stratification; thus, the name "thermo
haline'' convection. The two combined effects 
can sometimes cause large and persistent density 
stratification.

An example of oceanic density stratification 
is the thermocline, which exists without need 
for intrusion or secondary ocean currents. The 
existence of the thermocline, or a region of sharp 
salinity and temperature gradients in the vertical 
direction, is caused primarily by surface effects: 
namely, heat radiation from the sun; heat losses 
by evaporation, convection and radiation; waves 
(both surface and internal); and surface water 
salinity changes through evaporation and rain. 
The thermocline can be either temporary or per
manent and it can change its vertical position 
with time. An understanding of the existence, 
maintenance and properties of the thermocline 
will provide valuable information about ocean

circulation, climate distribution, and biological 
environment in the oceans. It is these layers 
which provide the interplay of the atmosphere 
with the deep ocean below. Of further practical 
significance is the fact that these density stratified 
layers create acoustical sound channels which 
can influence underwater communication.

There is another example, the so-called 
overstable" situation, which is sometimes found 

under icebergs or ice islands in the ocean. There 
is a deficiency of salt just below the nearly salt- 
free ice, and the temperature is low in the vicin
ity of the iceberg. Thus, both heat and salt flow 
upward from the warmer, salt-rich ocean below. 
This situation also lends itself to the production 
of layers separated by interfaces of sharp tem
perature and salinity change. The prediction and 
observation of both types of ocean stratification 
are of interest to geophysicists, oceanographers 
and engineers.

The fundamental defining experiments of 
turbulent thermohaline convection have never 
been done. A new research program is being 
undertaken to provide both experimental and 
analytical modeling of thermohaline convection 
through a sharp density interface. The desired 
result of this work is the prediction of interfacial 
transport rates and vertical profiles of temper
ature and salinity, backed by a sizable body of 
experimental data. By these means it is hoped 
to provide a firmer understanding of the nature 
of turbulent transport processes through natural 
convection in the ocean. The work is being 
done by Dr. Robert D. Haberstroh and by W il
liam R. Lindberg of the Department of Mechan
ical Engineering.

Use and Management of Seeded Ranges. Re
search on the oakbrush ranges at the Hesperus 
Station in southwest Colorado indicates that in
troduced wheatgrass and Russian wild rye grass 
produce about twice as much as native grasses 
even when both are seeded on similar sites. In
termediate wheatgrass and Russian wild rye grass 
produced steer gains amounting to about 2.5 
pounds per day during the spring and summer 
grazing seasons. These introduced grasses pro
duced from 2400 to 3000 pounds of air-dry for
age per acre when oakbrush areas were cleared 
and seeded to them. Generally, when alfalfa 
was seeded with these grasses the total yield was 
increased from 500 to 1000 pounds per acre.
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Alfalfa in the mixture increases livestock 
gains especially during late summer from about 
July 1 to September 1. Bloat from alfalfa in the 
mixture has not been a problem on these dryland 
pastures. If intermediate wheatgrass-alfalfa or 
Russian wild rye-alfalfa mixtures are grazed heav
ily during spring, the alfalfa becomes dominant. 
If these pastures are grazed heavily in late sum
mer the grasses become dominant.

Seeded pastures have produced more herb
age and more nutritious forage which has re
sulted in increased gains per acre over native 
ranges. Cains per acre on seeded ranges aver
aged approximately five times those on native 
oakbrush ranges. Livestock gains as a result of 
seeding were increased about 120 pounds per 
acre. Assuming a value of $ .30 per pound this 
would yield a gross return of $36 per acre per 
year.

Vaccination to Control Parasitism. Parasitic dis
eases caused by roundworms in both man and 
his domestic animals take a significant toll of 
health and life. Our present means of controlling 
these diseases is either by avoidance of contact 
with them using sanitation and education or by 
administration of drugs once the diseases have 
been contracted. Both of these methods are 
fraught with difficulties, disappointments, and 
failures. A new weapon to combat these parasitic 
diseases may be by protective vaccination. Vac
cines against many bacterial and viral diseases 
have long protected both man and animals, but 
the development of vaccines against worm para
sites has lagged far behind. Encouragingly, how
ever, current studies throughout the world indi
cate worm vaccines are a distinct possibility in 
the foreseeable future.

A contribution toward the understanding of 
parasitic immunity and especially of the response 
to vaccination is being made by an interdisciplin
ary research team consisting of parasitologists 
Robert Rubin and Charles P. Hibler (Department

of Pathology) and immunologist David C. Leuker 
(Department of Microbiology). The investigation 
is being conducted using a laboratory model con
sisting of the mouse and one of its intestinal 
roundworm parasites, Nematospiroides dubius. 
Successful and long-lasting protection by vacci
nation can be accomplished in the mouse. The 
primary vaccine being studied consists of living 
third stage larvae of N. dubius, which are intro
duced under the skin of the mouse. They do 
not migrate from this site and are highly im
munogenic as evidenced by the fact that the 
vaccine produces a 95 percent protection that 
persists for at least 16 weeks and probably much 
longer.

Current research is directed toward a clearer 
understanding of the immune response in the 
mouse. Whether the response is humoral or 
cellular or both must be clarified. The effect of 
age on response to vaccination is being studied. 
It must also be determined why a vaccine made 
with larval worms is successful when one made 
with adult worms is not. Also under study is 
the maximum duration of protection by the vac
cine; hopefully, it can be extended for the life
time of the mouse.

When the above questions are answered re
garding this immune response, similar vaccines 
will be prepared from larvae of worms parasitic 
in sheep and cattle. The vaccines will then be 
tested to determine if they will protect these do
mestic animals from parasitism under natural 
conditions.

At present, this research is being supported 
by the Agricultural Research Service, United 
States Department of Agriculture, and by the 
Colorado State University Experiment Station as 
a contributing project to Western Regional 
Project W-102, "Biological Methods for Control 
of Parasites of Livestock." Additional research 
funds for expansion of this investigation are be
ing sought from the Office of Naval Research 
and the National Institutes of Health.
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Stanley, Bernard F. Environmental effects on 
wheat quality. M.Agr., 1969. Adviser: Byrd 
C. Curtis.

Storer, Ken R. Growth studies with sugar beets.
Ph.D., 1969. Adviser: Willard R. Schmehl. 

Vanli, Nuretdin. Sugar beet production under 
irrigation. M.Agr., 1968. Adviser: Robert E. 
Danielson.

DEPARTMENT OF ANIMAL SCIENCE

Ames, E. R., R. Rubin, and J. K. Matsushima. Ef
fects of gastro-intestinal nematode parasites 
on performance in feedlot cattle. J. Ani. Sci. 
28:5, 698.

Baker, E. M., H. E. Sauberlich, S. C. March, and 
R. E. Hodges. Experimental scurvy in man. 
Army Sci. Conf. Proc. U. S. Military Acad., 
West Point, N. Y. 1, 1-14.

Baker, E  M., R. E. Hodges, J. Hood, H. E. Sauber
lich, and S. C. March. Metabolism of ascorbic- 
1-14C  acid in experimental human scurvy. 
Amer. J. Clin. Nutrition 22, 549-558.

Brinks, J. S. Field Day Report. CSU Exp. Sta. Gen. 
Ser. 869.

Dowdy, R. P., Y. F. Herman, and H. E. Sauberlich.
Effect of germfree status on 64Cu excretion by 
the rat. Proc. Soc. Exptl. Biol. Med. 130 , 1294- 
1297.

Hartsuck, James M., James E. Johnson, and Fran
cis D. Moore. Potassium in bone: Evidence 
for a nonexchangeable fraction. Metabolism 
18:Jan., 33-37.

Herman, Y. F., H. E . Sauberlich, and R. H. Herman.
Comparison of the 1-14C-glucose metabolism 
between red blood cells of germfree and 
pathogen-free rats on riboflavin and thiamine 
deficient diets. Germ-Free Biol. 325-332. 

Hodges, R. E., E. M. Baker, lames Hood, H. E. 
Sauberlich, and S. C. March. Experimental scur
vy in man. Amer. J. Clin. Nutrition 22, 535- 
548.

Johnson, D. E., J. K. Matsushima, and K. L . Knox.
Utilization of flaked vs. cracked corn by steers. 
J. Anim. Sci. 27, 1431.

Knox, K., A. L . Black, and Max Kleiber. Sources 
of rumen carbon dioxide and methane in the 
lactating dairy cow. J. Dairy Sci. 52-484. 

Knox, K. L, J. G. Nagy, and R. D. Brown. Water 
turnover in mule deer. J. Wildl. Manage. 33, 
389.

Matsushima, J. K., C. P. McCann, R. J. McLaren, 
and R. P. Lake. Shredded, extruded or pelleted 
beet pulp for feedlot cattle. Beef Nutrition Res., 
CSU. Feb. 28.

Matsushima, J. K., R. J. McLaren, C. P. McCann, 
and G. E . Kellogg. Processing grains for feed- 
lot cattle— extrusion, flaking, reconstituted and 
high moisture ensiled. Beef Nutrition Res., 
CSU. Feb. 28.

Matsushima, J. K., R. J. McLaren, and C. P. M c
Cann. Oyster shells in beef finishing rations. 
Beef Nutrition Res., CSU. Feb. 28. 

Matsushima, J. K., C. P. McCann, and R. J. M c
Laren. M G A  and stilbestrol for feedlot heifers. 
Beef Nutrition Res., CSU. Feb. 28.

Moore, F. D., J. M. Hartsuck, R. E. Zollinger, and 
J. E. Johnson. Reference models for clinical 
studies by isotope dilution. Annals of Surgery 
168:4.

Olson, J. C ., D. A. Cramer, and J. G. Nagy. Gastro
intestinal pH values of sheep by breed. Proc. 
West. Sec. Amer. Soc. Ani. Sci. 19:43.

Phillips, R. W. and K. Knox. Diahrreic acidosis in 
calves. J. Comp. Lab. Med. 3:1.

Phillips, R. W., K. L. Knox, W. A. House, and H. 
N. Jordan. Metabolic response in sheep chron
ically exposed to 6,200 M  simulated altitude. 
Fed. Proc. 28.

Sauberlich, H. E. Vitamin B6 Group. Chapter 3, 
VII, VIII and IX in The Vitamin, eds. Sebrill and 
Harris. II: 31-80.

Stevens, C. O., H. E  Sauberlich, and J. L. Long.
An automated assay for transketolase deter
minations. Automation in Analytical Chemis
try. White Plains, N. Y.: Mediad Inc. 1, 
553-558.

Ward, G. M., J. E. Johnson, and D . L. Whelan.
The determination of cesium-137 content and 
related sampling problems of dairy cattle feed. 
J. Assoc. Off. Anal. Chem. 51:4.

Wooden, G., K. Knox, and Cheryl Wild. Energy 
metabolism in light horses. Colo. Farm and 
Home Res. 19:2.

Theses

Arije, G. F. Puberty in beef heifers. M.S., 1969. 
Adviser: James N. Wiltbank.

DeLay, Roger L. Altitude stress and energy utili
zation. M.S., 1969. Adviser: Kirvin L. Knox.

Firestone, Estes E. Influence of fiber in dairy 
rations. Ph.D., 1969. Adviser: Gerald M. Ward.

Khan, Bakht B. Effect of KCI on rumen microbs. 
Ph.D., 1969. Adviser: Julius G. Nagy.

Mitchell, Alva D. Metabolism of betaine in the 
ruminant. M.S., 1969. Adviser: Kirvin L. Knox.

Morrow, Donald L. Factors affecting beef cow 
production. M.S., 1969. Adviser: James S. 
Brinks.

Rice, Lawrence E. Dystocia in cattle. M.S., 1969. 
Adviser: James N. Wiltbank.

Salkovitz, Irving A. VFA net production measure
ment. M.S., 1969. Adviser: Kirvin L. Knox.

Sprague, Eugene A. Progesterone and LH levels 
in the peripheral blood plasma of cycling beef 
cows. M.S., 1969. Adviser: James N. Wiltbank.

Sysel, Leo Douglas. Ultrasonic evaluation of lon- 
gissimum dorsi area in sheep. M.S., 1969. 
Adviser: A. L. Esplin.

Tyler, Tipton R. Absorption of acetate from the 
rumen. Ph.D., 1968. Adviser: Gerald M. Ward.

Wallace, Joe Derek. Nutritive value of grazed 
forage. Ph.D., 1969. Adviser: Charles D. Story.

Warren, Glynn Larry. Judging steers on the basis 
of cutability. M.S., 1968. Adviser: David A. 
Cramer.

Wooden, Gordon R. Energy metabolism in light 
horses. M.S., 1968. Adviser: Kirvin L. Knox.

DEPARTMENT OF AVIAN SCIENCE

Miller, B. F. Comparative yield of different size 
turkey carcasses. Poultry Sci. 47, 1570-1574.

Miller, B. F., W. L. Lindsay, and A. A. Parsa. Use 
of poultry manure for correction of Zn and Fe 
deficiencies in plants. Proc. Cornell Agr. Waste 
Conf., Syracuse, N. Y.

Moreng, R. E ., J. D. Helbig, and J. V. Shutze. The
cyclo house— A  controlled environment for 
egg production. Agr. Eng. 49, 730-731.

Moreng, R. E. Column: Research Reporter, be
ginning March.

Muller, H. D. Juvenile Initiation of keel bursa 
enlargement in tom turkeys. Poultry Sci. 47, 
1897-1901.

Muller, H. D. The chick in Science Projects (be
ginning, conducting and analyzing a science 
investigation). CSU Press.

Nockels, C. F. and R. B. Herrick. Increased adren
al -3B-hydroxysteroid dehydrogenase in vita
min A-deficient cockerels. Proc. Soc. Expti. 
Biol. and Med. 130, 410-412.

Osborn, W. E., R. E. Moreng, and T. E. Hartung. 
Turkey lipid characteristics: Influence of sex, 
age and estradiol-17 beta-monopalmitate. Poul
try Sci. 48, 274-283.

Pickett, E  D., B. F. Miller, and R. E. Moreng. Car
cass quality of turkeys as affected by estradiol- 
17-monopalmitate and vitamin E. 1. Effect on 
breeder hen turkeys. Poultry Sci. 47, 1488- 
1492.

Pickett, L. D., B. F. Miller, and R. E . Moreng. Car
cass quality of turkeys as affected by estradiol- 
17-monopalmitate and vitamin E. 2. Effect on 
young tom turkeys. Poultry Sci. 4 7 ,  1493-1496.

Sasser, L. B., E. W. Kienholz, and G. M. Ward. 
Interaction of rubidium and potassium in chick 
diets. Poultry Sci. 48, 114-118.

Shutze, J. V. The influence of photoperiodism on 
age of sexual maturity and subsequent egg 
production of chickens. Proc. Sobre Avicul- 
tura. Published by Instituto Nacional De In- 
vestigaciones, Pecuarias, Mexico. 39-44.

Theses

Avens, John Stewart Bacteriological methods—  
poultry meat. M.S., 1969. Adviser: Byron F. 
Miller.

Kammerer, Daniel McCarthy. Characteristics of 
turkey spermotozoa. M.S., 1969. Adviser: Rob
ert E. Moreng.

Neill, Darrel D. Pesticide effects on the fucundity 
of the Hungarian partridge. M.S., 1969. Ad
viser Harry D. Muller.

Nixon, Donald M. Marketing model for merchan
dising eggs. Ph.D., 1969. Adviser: Byron F. 
Miller.

Safi, Lal Mohammad. Inducing reproductive 
pauses in hens. M.S., 1969. Adviser: Byron F. 
Miller.

Savage, Stanley Irwin. Vitamin D  and zinc toxicity 
in chicks. M.S., 1969. Adviser: Eldon W. Kien
holz.

Wolfskill, John Roger. Institutional utilization of 
turkey. M.S., 1969. Adviser: Robert E. Moreng.

DEPARTMENT OF ENTOMOLOGY

Brewer, J. W. Dutch elm disease, elm bark 
beetles and insects that weaken elms. Service 
in Action. 5.506.

Dickens, L. E ., J. Feucht, J. W. Brewer. Preven
tion and control of Dutch elm disease. CSU 
Ext. Packet.

Hantsbarger, W. M. Box elder bug. CSU Ext. 
Serv. Pamphlet 108.

Hantsbarger, W. M. Pine needle scale control.
CSU Ext. Serv. Pamphlet 26.

Hayes, R. O. Comparison of western encephalites 
virus infection rates among Culex tarsalis col
lected by different trapping techniques. Proc. 
21st Ann. Mtg. Utah Mos. Abat. Assn.

Hess, A. D., R. O. Hayes, and C. H. Tempelis. The 
use of the forage ratio technique in mosquito 
host preference studies. Mosq. News. 28:3, 
386-389.

Jenkins, L . E. Tests indicate chemicals can cut 
sugarbeet root maggot damage. Through the 
Leaves. 57:2, 8-9.

Luedke, A. J., M. M. Jochim, and R. H. Jones.
Bluetongue in cattle: Viremia. Am. J. Vet. Res. 
39:4, 511-516.
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Main, A . J., R. O. Hayes and R. J. Tonn. Seasonal
abundance of mosquitoes in southeastern 
Massachusetts. Mosq. News. 28:4, 619-626. 

McCambridge, W. F. Attraction of Black Hills 
beetles to ponderosa pine in the central Rocky 
Mountains: some uses and limitations. Proc. 
North Central Branch Ent. Soc. Amer. 23:2, 
137-140.

McCambridge, W. F. Incidence of sperm in 
emerging female mountain pine beetle, Dend- 
roctonus ponderosae (Hopk.). U. S. Forest Ser
vice Res. Notes. R. M. 32.

McCambridge, W. F. and S. A. Mata. Flight muscle 
change in Black Hills beetles, Dendroctonus 
ponderosae, during emergence and egg laying. 
Can. Ent. 101, 507-512.

McLaughlin, J. R. and R. C. Simpson. Chemo- 
sterilant effects of TEPA, apholate and metepa 
on the alfalfa weevil. J. Econ. Ent. 61:6,1730- 
1733.

Mitchell, C. J., R. O. Hayes, P. Holden, H. R. Hill, 
and T. B. Hughes. Effects of ultra-low volume 
applications of malathion in Hale County, 
Texas. I. Western encephalites virus activity 
in treated and untreated towns. J. Med. Ent. 
6 : 2 .

Pierce, D. A. W. F. McCambridge, and G. E. More.
Control of pinyon needle scale with dimetho- 
ate. J. Econ. Ent. 61. 1697-1698.

Schweissing, F. C. Spider mite control on com. 
CSU PR 68-38.

Schweissing, F. C. Evaluation of insecticides for 
control of two insect pests of lettuce. CSU 
PR 68-39.

Starr, R. I. and R. E. Johnsen. Laboratory method 
for determining the rate of volatilization of in
secticides from plants. Agr. and Food Chem. 
16:3, 411-414.

Simpson, R. G. Review: Ecology of Aphidopha- 
gous Insects, eds. I. Hodek and M. L. Dutkova. 
Pan-Pacific Ent. 46:1, 69-70.

Theses

Alldredge, Jerry Keith. Sampling of the sugar 
beet root maggot. M.S., 1969. Adviser: Leon
ard E. Jenkins.

Ebe, Maurice Dominic. Taxonomic study of larval 
phalaenidae. M.S., 1969. Adviser: Theodore O. 
Thatcher.

Hofmann, Harold Christian. Sterilization of 
Graphoiitha molesta. M.S., 1969. Adviser: John
A. Quist.

Hussain, Nemah G. Nutidulid transmission of 
ceratocystis. M.S., 1968. Adviser: Theodore O. 
Thatcher.

Inyamah, Grace Chinyere. Grassland insect popu
lation trends. M.S., 1969. Adviser: Theodore 
O. Thatcher.

Killian, Leroy E. Four pea aphid biotypes: life his
tory. M.S., 1969. Adviser: W. Don Frank.

Logan, Jesse Alan. Codling moth population esti
mation. M.S., 1969. Adviser: John A. Quist.

Schell, James Martin. Diet for alfalfa weevil. 
M.S., 1969. Adviser: Robert G. Simpson.

Wilson, Donald David. Mating behavior of 
Chrysopa carnea. M.S., 1969. Adviser: Robert 
G. Simpson.

DEPARTMENT OF HORTICULTURE

Campbell, W. F., S. D. Cotner, and B. M. Pollock.
Preliminary analysis of the onion seed (Allium  
cepa L.) production problem, 1966 growing 
season. Hort. Sd. 3:1, 40-41.

college of business

Ells, James E. Canning Crops Notes newsletter.
7:1. CSU.

Ells, James E. Canning Crops Notes newsletter. 
7:2. CSU.

Ells, James E. Canning Crops Notes newsletter.
7:3. CSU.

Ells, James E. Variety trials of processing toma
toes. CSU. G.S. 849.

Ells, James E. Weed control in processing crops. 
CSU. G .S. 874.

Feucht, James R. Common poisonous plants in 
the home and grounds. Coop. Ext. Ser., CSU 
Bull. 466A.

Feucht, James R. Erlophyid mites in Colorado. 
Metro Horticulture. Coop. Ext. Ser., CSU 3:3.

Feucht, James R. Pinyon needle stunt midge. 
Metro Horticulture. Coop. Ext. Ser., CSU 4:1.

Feucht, James R. and W illiam  G. Macksam. 
Ground cover plants for Colorado landscapes. 
Coop. Ext. Ser., CSU Pamphlet 104.

Goldsberry, Kenneth L  Plant growth response 
to the transmissivity of glass reinforced thermo
setting plastic panels. Thesis, Iowa State Univ.

Goldsberry, Kenneth L. Transmissivity of green
house coverings as related to plant growth. 
Nat. Agr. Plastics Conf. Proc. 8, 15-23.

Hanan, J. J. Colorado water analyses. Colo. Flower 
Growers Bull. 222.

Hanan, J. J. Inert media and irrigation frequency. 
Colo. Flower Growers Bull. 227.

Hanan, J. J. Preliminary air analysis in the Denver 
area. Colo. Flower Growers Bull. 225.

Hanan, J. J. Temperatures in carnation flowers. 
Colo. Flower Growers Bull. 226.

Hanan, J. J. Water loss from carnations. Colo. 
Flower Growers Bull. 219.

Hanan, J. J. and F. D. Jasper. Consumptive water 
use and response of carnations to three irri
gation regimes. J. Amer. Soc. Hort. Sci. 94.

Hartman, L . D. and W. D. Holley. Carnation nu
trition. Colo. Flower Growers Bull. 221.

Holley, W. D. Nutrient levels in tissue of green
house crops. Colo. Flower Growers Bull. 220.

Holley, W. D. and Carolyn Rudolph. Lighting of 
carnations. Colo. Flowers Growers Bull. 224.

Klein, S. and B. M. Pollock. Cell fine structure 
of developing lima bean seeds related to seed 
desiccation. Amer. J. Bot. 55:6, 685-672.

Matchett, R. W., B. M. Pollock, and D. W. Robert
son. The "grandpa" gene. A  chlorophyll mu
tation in Hordeum species. J. Heredity 59:5, 
279-282.

Moore, F. D. Calcium nitrate v. ammonium sul
fate on head lettuce growing under furrow 
irrigation on alkaline-calcareous soils. CSU PR 
68-15.

Moore, F. D. Nitrogen and sulfur fertilization of 
lettuce. CSU PR 69-18.

Moore, F. D. Nitrogen fertilization of head let
tuce under alkaline calcareous soil conditions 
with emphasis on controlled nitrogen release 
CSU PR 68-16.

Moore, F. D. The effect of Zn chelate and soil 
acidification on lettuce growing in a Zn de
ficient calcareous soil. CSU PR 68-19.

Moore, F. D. and R. L . Foskett Nitrogen fertiliza
tion of direct seeded onions based on a 1 :40:0 
ratio. CSU PR 68-17.

Pollock, B. M. Seed germination: Trends in pres
ent and future research. Search 9:1, 3-4.

Soltanpour, P. N. Accumulation of dry matter 
and N, P, K by Russet Burbank, Oromonte and 
Red McClure potatoes. Amer. Pot. J. 46, 
111-119.

Soltanpour, P. N. Effect of nitrogen, phosphorus 
and zinc placement on yield and composition 
of potatoes. Agr. J. 288-289.

Soltanpour, P. N. Interrelations between nitrogen, 
phosphorus and zinc on yield and foliar com
position of potatoes 1967. CSU PR 69-4.

Soltanpour, P. N. and J. G. Walker. Fertilizer 
trials on Russet Burbank potatoes following 
potatoes in the San Luis Valley 1967. CSU PR 
68-24.

Soltanpour, P. N. and J. G. Walker. Fertilizer trials 
on Russet Burbank potatoes in the San Luis 
Valley 1966. CSU PR 68-25.

Soltanpour, P. N. and J. G. Walker. Fertilizer trial 
on Russet Burbank potatoes following five 
years of alfalfa in the San Luis Valley 1967. 
CSU PR 68-26.

Soltanpour, P. N. and J. G. Walker. Fertilizer trial 
on Russet Burbank potatoes severely damaged 
by hail in the San Luis Valley 1967. CSU PR 
68-27.

Soltanpour, P. N. and J. G. Walker. Fertilizer trial 
on Russet Burbank potatoes grown on virgin 
land in the San Luis Valley 1967. CSU PR 68-28.

Soltanpour, P. N., F. D. Moore, and T. J. Board- 
man. Precision and accuracy of volumetric 
measurement of fertilizers for field trials. CSU 
PR 69-2.

Soltanpour, P. N., F. D. Moore, J. J. Shaughnessy, 
and J. O. Twomey. Effect of pulp temperature 
as compared to pre-conditioning soil temper
ature on bruise susceptibility of potatoes. CSU 
PR 69-3.

Soltanpour, P. N., J. G. Walker, R. D. Heil, W . L . 
Lindsay, J. C. Hansen, and A. J. Retyea. Zinc 
fertilizer trials on potatoes in San Luis Valley. 
CSU PR 68-23.

Twomey, J. A. Potato seedling and variety trials. 
CSU PR 69-1.

Twomey, J. A. The effect of fertilizer rates on 
yield and grade of Oromonte, a new chipping
potato. CSU PR 68-22.

Twomey, J. A., et al. Oromonte: A  chipping 
potato for Colorado. Amer. Pot. J. 45:8, 297- 
299.

Twomey, J. A. and M. Workman. Potato seedling 
and variety trials. CSU PR 68-20.

Ure, C. R. A  comparison of orchard heating sys
tems. Sixth Ann. Symp. of Thermal Agr., At
lanta.

Ure, C. R. Climate and weather. CSU PR 68-14.
Ure, C. R. Effectiveness of orchard heating sys

tems. Proc. Utah State Hort. Soc. 27-33.
Ure, C. R. Orchard heating studies on Gleason 

peach. CSU PR 68-13.
Workman, M. and J. Twomey. Potato seed vigor 

studies. CSU PR 69-39.
Workman, M. and J. Twomey. The Influence of 

storage atmosphere and temperature on physi
ology and performance of Russet Burbank 
seed potatoes. J. Amer. Soc. Hort. Sci. 94, 
86-89.

COLLEGE OF BUSINESS
Barnett, John. Management information systems 

— breaking the barrier. Systems and Pro
cedures J., May.

Benton, Douglas. Managerial responsibilities for 
the job satisfactions of professional nurses. 
D.B.A. dissertation, Arizona State. Univ.

Dobler, D. W. Materials management in a small 
manufacturing business and receiving a n d  
stores— a vital link in the flow of materials. 
Chapters 7 and 21 in The Logistics of Materials 
Management, eds. P. T. McElhaney and R. I. 
Cook. Boston: Houghton Mifflin Co.

Dobler, D. W. and Stephen Paranka. Concepts 
of successful management— what the future 
holds. Proc. National Conf., Printing and 
Writing Paper D iv., Amer. Paper Inst., Oct.

Gibson, Harry. Listening: A  competency needed 
by all business students. J. Business Educ., 
Oct.
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Glubok, Allan. A  study to develop methodology 
for estimating the rate of return from a pro
posed investment in accounts receivable. Ph.D. 
dissertation, St. Louis Univ.

Hasty, Ronald. Some demographic correlates of 
risk perception in the purchase of electric 
housewares. D.B.A. dissertation, Univ. Colo.

Jensen, Walter. International justice on trial: The 
southwest African cases— phase one. Amer. 
Bus. Law J. Fall.

Jensen, Walter. International justice on trial: The 
southwest African cases— phase two. Amer. 
Bus. Law J. Feb.

Kress, George. Localization activities of super
market managers. Progressive Grocer, Dec.

Kress, George and Robert Patty. The role of busi
ness research course in developing the total 
businessman. Collegiate News and Views, 
Spring.

McConahay, John D. Pitfalls in contracting under 
the uniform commercial code. J. Purchas
ing, Nov.

Patty, Robert and Harvey Vrendenburg. Readings 
in Global Marketing Management. New York: 
Appleton-Century-Crofts.

Reiff, Wallace W. Earmarks of the 70's herald 
new era. Directors Dig., March.

Reiff, Wallace W. Capital management responsi
bilities in the 1970's. Savings and Loans News, 
Dec.

Reiff, Wallace W. Management committees in 
perspective. Atlanta Econ. Rev., May.

Roselius, Ted. An exploratory investigation of 
buyer attitude toward eleven methods of re
lieving buyers' perception of five kinds of buy
ing risk. D.B.A. dissertation, Univ. Colo.

Staples, John D. Training effective proofreaders. 
Bus. Educ. World, March.

DEPARTMENT OF 
AGRICULTURAL ENGINEERING

Corey, A. T., H. R. Duke, and W. E  Hedstrom.
Two-dimensional models for drainage systems. 
Western Regional Res. Comm., W-51, Oct. 
AER68-69ATC2.

Dornhelm, Richard B. and David A. W oolhiser.
Digital simulation of estuarine water quality. 
Water Resources Research, 4:6, 1317-1328. 
AEP68-69DAW10.

Eaton, Frank E . Mechanical separation of stones 
from potatoes by means of rotary brushes. 
ASAE, Purdue Univ., June 22-25, Paper No. 69- 
108. AEP68-69FEE7.

Evans, N. A. Hydraulic operating characteristics 
of low gradient border irrigation systems. Final 
report to Natural Resources Center, OWRR, 
Washington, Dec. AER68-69NAE1.

Haise, H. R., E. G. Kruse, and Leonard Erie. Auto
mating surface irrigation. Agr. Eng. 50:4, 212- 
216. AEP68-69EGK8.

Hansen, R. W. Proper feedlot design to control 
pollution. Proc. 18th Ann. Meet. Four States 
Irrigation Council, Denver.

Hansen, R. W. and R. G. Simpson. Field studies 
on flaming to control weeds and insects in 
Colorado. Proc. Sixth Ann. Symp. on Thermal 
Agr., Nat. Gas Processors Assn.

Hansen, R. W. and R. G. Simpson. Studies of 
alfalfa weevil control in Colorado— develop
ment of flaming gauges. Proc. Fifth Annual 
Symp. on Thermal Agr., Nat. Gas Processors 
Assn.

Heermann, D. F. Climatological and phenological 
patterns in western U. S. Progress report to 
Regional Res. Tech. Comm., 1964, 1965, 1966, 
1967, 1968, Agr. Eng. Dept.

Heermann, D. F. Hydraulics of surface irrigation. 
Progress report to Regional Technical Research 
Committee, 1964, 1965, 1966, 1967, 1968, Agr. 
Eng. Dept.

Heermann, D. F. and D. C. Kincaid. Pressure dis
tribution on a center-pivot sprinkler irrigation 
system. Scientific Series Paper No. 1390, CSU 
Exp. Sta. AEP68-69DCK-DFH4.

Howe, O. W. and D. F. Heermann. Efficient 
border irrigation and operation. Pres. winter 
meet. ASAE. AEP68-69DFH1.

Kincaid, D. C., D. F. Heermann, and E. G. Kruse. 
Application rates and runoff in center pivot 
sprinkler irrigation. Scientific Series Paper No. 
1395, CSU Exp. Sta. AEP68-69DCK-DFH-EGK3.

Norton, T. E. and R. W. Hansen. Cattle feedlot 
water quality hydrology. Pres. Cornell Univ. 
1968. AEP68-69TEN-RWH2.

Story, A. G. and W. H. Johnson. Remote measure
ment of concentration and height of heads of 
standing grain with microwave energy. ASAE 
No. 68-113, June.

W oolhiser, D. A. Review: Advances in Hydro
science Vol. 3, ed. Ven Te Chow. New York: 
Academic Press 1966. Soil Sci. Soc. Amer. 
Proc. 32:4:VIII. AEP68-69DAW11.

W oolhiser, D. A. Difference solutions of the shal
low water equation— closure. Proc. ASCE, J. 
Mech. Div., Proc. Paper 6371, Feb. AEP68- 
69DAW12.

W oolhiser, D. A. and James S. Liggett. Discus
sion— A solution to the surface runoff prob
lem. J. Hydraulics Div., ASCE, 94:HY6, 1578- 
1582, AEP68-69DAW9.

Theses
Freeburg, Robert Stuart. Machinery and fruit tree 
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in cooperation with U. S. Dept. of Transporta
tion, Federal Highway Adm., Bur. of Public 
Roads. CER68-69FJW8.

Yevjevich, V., M. E . Holland, and G. L . Smith.
Experimental investigation of small watershed 
floods. CER68-69VY17.

Zoric, D. L. Approach of turbulent boundary 
layer to similarity. Army Tech. Rep., Sept. 
CER68-69DLZ9.

Theses
Arrigoni, Enrico L . Effects of cross sectional shape 

on the shear strength of sand. M.S., 1968. Ad
viser: James M. Bell.

Arya, Satya Pal Singh. Structure of stably strati
fied turbulent boundary layer. Ph.D., 1968. 
Adviser: Erich J. Plate.

Baum-Koo, Lee. Constant depth alluvial channel 
flow. M.S., 1969. Adviser: Everett V. Richard
son.

Bennett, James P. Turbulence measurement with 
a propeller flow meter. Ph.D., 1968. Adviser: 
Everett V. Richardson.
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Bhowmik, Nani Copal. The mechanics of flow 
and stability of alluvial channels formed in 
coarse materials. Ph.D., 1968. Adviser: Daryl
B. Simons.

Bhuiya, Rezaul Karmin. Analysis of periodic hy
drologic time series. Ph.D., 1968. Adviser: 
M. M. Siddiqui.

Bibby, Robert. Flow between the confined aquifer 
of the fox hills sandstone and the alluvial aqui
fer in the north Kioma-Bijou district, Colorado. 
M.S., 1969. Adviser: Daniel K. Sunada.

Burgi, Philip H. Seepage effect on channel bank 
stability. M.S., 1969. Adviser: Susumu Karaki.

Chang, Po-cheng. Laboratory measurements of 
air flow over wind waves. Ph.D., 1968. Ad
viser: Erich J. Plate.

Dumas, Andre J. Detection of a change in water
shed response by a stochastic analysis of daily 
streamflow. M.S., 1968. Adviser: H. J. Morel- 
Steytoux.

Eloubaidy, Aziz Fadhil. Reaeration with wind 
waves. Ph.D., 1969. Adviser: Erich J. Plate.

Grigg, Neil S. Motion of single particles in sand 
channels. Ph.D., 1969. Adviser: Daryl B. 
Simons.

Hamilton, John M. Stabilization of channels In 
coarse non-uniform bed material. M.S., 1968. 
Adviser: Daryl B. Simons.

Hannan, Abdul. Study of Mississippi River bends. 
Ph.D., 1969. Adviser: Daryl B. Simons.

Hibbert, W. V. Compressible fluid flow through 
porous media. M.S., 1969. Adviser: Daniel K. 
Sunada.

Hogan, Raymond A  Cavitation and torque char
acteristics of butterfly and ball valves. M.S., 
1969. Adviser: J. Paul Tullis.

Jex, Earl Morgan. Cattle feedlot waste character
istics. M.S., 1968. Adviser: John C. Ward.

Jobson, Harvey E. Vertical mass transfer in open 
channel flow. Ph.D., 1968. Adviser: Daryl B. 
Simons.

Kesic, Dragoljub. The spectrum of scaler fields 
at large wave numbers. Ph.D., 1969. Adviser: 
Jack E. Cermak.

Kibler, David F. A kinematic overland flow model 
and its optimization. Ph.D., 1968. Adviser: 
David A. Woolhiser.

Lin, Hsin Chih. Hydraulic measurements for spe
cific surface. M.S., 1968. Adviser: Daniel K. 
Sunada.

Lin, Jung-Tai. Turbulence spectra in the buoy
ancy subrange of thermally stratified shear 
flows. Ph.D., 1969. Adviser: Jack E. Cermak.

Llamas, Jose. Deficit and surplus in precipitation 
series. Ph.D., 1968. Adviser: M. M. Siddiqui.

Muir, Clifford D. Stability of slopes with seep
age. Ph.D., 1968. Adviser: Daryl B. Simons.

Nakamichi, Hiroshi. Stability of the upper Colo
rado River basin for weather modification. M.S., 
1969. Adviser: H. J. Morel-Seytoux.

Nimmannit, V iboon. Multivariate analysis for hy
drologic changes. Ph.D., 1969. Adviser: H. J. 
Morel-Seytoux.

Norton, Thomas Edmond. Cattle feedlot water 
quality hydrology. M.S., 1969. Adviser: John
C. Ward Jr.

Rassam, Hormuzd Y. Layered columns with in
terlayer slip. Ph.D., 1969. Adviser: James R. 
Goodman.

Schiller, Robert E., Jr. A study of sand transport 
in the Indus Basin Canals. Ph.D., 1968. Ad
viser: Daryl B. Simons.

Schneider, Verne R. Mechanics of local scour. 
Ph.D., 1968. Adviser: Hsieh-Wen Shen.

Simpson, Harold D. Laminar and turbulent dis
persion of miscible fluids in porous media. 
M.S., 1969. Adviser: Daniel K. Sunada.

Sovern, Douglas T. Flow in envelopes for tile 
drains. M.S., 1969. Adviser: E. Gordon Kruse.

Stettner, Paul. Aquifer models: mathematical and 
physical. M.S., 1968. Adviser: Daniel K. Su
nada.

Stevens, Michael A. Scour in riprap at culvert 
outlets. Ph.D., 1969. Adviser: Daryl B. Simons.

Su, Kuo-Shyong. Design of a digital band pass 
filter and its application to the analysis of ran
dom water wave data. M.S., 1969. Adviser: 
Erich J. Plate.

Suryanarayana, Bhamidipaty. Aggredation and de
gradation in open channels. Ph.D., 1969. Ad
viser: Hsieh-Wen Shen.

Trawle, Michael J. Wind waves on open chan
nel flow. M.S., 1968. Adviser: Erich J. Plate.

Ulugur, Mustafa Elmas. Fluvial physiography in 
basin response. Ph.D., 1969. Co-advisers: J. 
William N. Fead, Melvin E. Holland.

Veenhuizen, Scott D. Secondary flow In a bound
ary layer. M.S., 1969. Adviser: Robert N. Me- 
roney.

Wang, Jeng-Song. Limit deposit of solid-water 
pipe flow. M.S., 1969. Adviser: Hsieh-Wen 
Shen.

Zoric, Dusan L. Approach of turbulent boundary 
layer to similarity. Ph.D., 1968. Adviser: Virgil 
A. Sandborn.

DEPARTMENT OF 
ELECTRICAL ENGINEERING

Davidson, R. P., R. J. Churchill, and P. J. Rybak.
Swept frequency microwave measurements in 
simulated reentry environments. A IAA  2nd 
fluid and Plasma Dynamics Conf., San Fran
cisco, June 16-18.

Lambert, Paul D., R. John Morgan, George M. 
Angleton, and William J. Tietz. Determination 
of propagation direction in peripheral nerve. 
Conf. Rec. Rocky Mt. Bioengr. Symp. May 5-6. 
EEP68-69RJM3.

Lord, W. and R. M. Roberge. Effect of viscous 
damping on Pasek's method for determining
D.C. servomotor time constants. Electronics 
Letters 5:3.

Morgan, R. J. On the use of correlational tech
niques to characterize the electroencephal
ogram. CSU-PHS Collab. Radiol. Health Lab. 
1968 Ann. Rep. EEP68-69RJM1.

Morgan, R. John. Autocorrelograms and CNS dis
orders in the canine. Conf. Rec. Rocky Mt. 
Bioengr. Symp. May 5-6. EEP68-69RJM3. 

Quincy, E. A. Maximum energy signals for ran
dom time-varying channels. IEEE Trans. on Inf. 
Theory. IT - 15:2, March.

Reed, Myril B. and Roger M. Roberge. Generali
zation of the normalization (per unit) tech
nique. IEEE Trans. on Power Apparatus and 
Systems 69. TP 131-PWR.

Smith, Fred L., III. Electron product on and loss 
rates in the F region. J. Geophys. Res., Space 
Phys. 73:23.

Theses
Chandler, Michael Ray. Demagnetizing forces In 

DC  machines. M.S., 1968. Adviser: William 
Lord.

Drehle, James R. Variable base counters. M.S., 
1969. Adviser: Lee Maxwell.

Oswald, Daniel J. A  new nondestructive testing 
technique. M.S., 1969. Adviser: William Lord.

Roberge, R. M. Normalization and load flow for 
power networks. Ph.D., 1969. Adviser: Myril 
B. Reed.

DEPARTMENT OF 
MECHANICAL ENGINEERING

Baldwin, L. V. and R. D. Haberstroh. A  test of 
Phillips' hypothesis for eddy viscosity in pipe 
flow. A. I. Ch. E. J. 14:5, 825-826. Sept.

Childs, D. W. Notes on analog simulation of dis
tributed parameter systems. Simulation, Dec. 
1966 and July 1967.

Childs, D. W. Simulation models for flexible 
spinning bodies. Simulation, March.

Dye, J. E. and P. V. Hobbs. The influence of en
vironmental parameters on the freezing and 
fragmentation of suspended water drops. J. 
Atm. Sci., Jan.

Edwards, Harry W. and M. L . Corrin. The adsorp
tion of methanol vapor on silver Iodide. J. 
Phys. Chem. 71, 3373. 1967.

Edwards, Harry W. Direct determination of silver 
in air by atomic absorption spectrometry. 
Southwest Retort 21:4, 39A.

Edwards, Harry W. Direct measurement of con
tained silver iodide aerosol decay by atomic 
absorption spectrophotometry. J. Atmos. Sci. 
26, 327.

Haberstroh, R. D. and L. V. Baldwin. Application 
of a simplified velocity profile to the predic
tion of pipe-flow heat transfer. ASME J. 
Heat Transfer 90:C2, 191-200.

Leon, Harry I. and W. R. M ickelsen. Theoretical 
analyses of electrothermal thrusters with super
sonic heat addition. A IAA  Paper No. 69-286, 
A IAA  7th Electric Propulsion Conf., Williams
burg, Va. 7th March 3-5.

Marschner, B. W. and D. S. Bynum. An applica
tion of line-reversal method of temperature 
measurement. ARO-VKF Lab Reprint, Nov. 
1967.

Marschner, B. W. and J. Paul Tullis. Review of 
cavitation research on valves. J. Hydraulics 
Div., ASCE, Jan.,

Mickelsen, W. R. Auxiliary and primary electric 
propulsion, present and future. J. Space
craft and Rockets 4:Nov. 1409-1423. 1967.

Millsaps, K. and N. L. Soong. Heat transfer In a 
plane Incompressible laminar jet. Blanch An
niversary Vol., USAF, 231. 1967.

Millsaps, K. and R. L. Fearn. Constant acceleration 
of an undamped simple vibrator through re
sonance. J. Royal Aeron. Soc. 71, 567. 1967.

Mitchell, C. E. and L. Crocco. Axial and trans
versal instability using the N, model. Chem. 
Propulsion Inf. Agency Pub. No. 1962, Dec. 
1967.

Mitchell, C. E., L. Crocco, and W. A. Sirignano.
Nonlinear oscillations In liquid rocket com
bustors. Astron. Acta. 15:1.

Mitchell, C. E., L . Crocco, and W. A. Sirignano. 
Nonlinear longitudinal instability in rocket mo
tors with concentrated combustion. J. Com
bustion Sci. Tech. 1:1.

Olson, H. G. and F. G. Hammitt. High speed 
photographic studies of ultrasonically induced 
cavitation. J. Acoustical Soc. Amer., June.

Roper, A. T. and R. D. Haberstroh. A  turbulent 
velocity profile for pipe flow. Developments 
in Mech. 4, 1163-1178. Aug. 1967.

Smith, F. W., A. F. Emery, and A. S. Kobayashi. 
Stress intensity factors for semi-circular cracks. 
J. Appl. Mech. Dec. 1967.

Smith, F. W., A. S. Kobayashi, and A. F. Emery. 
Stress intensity factors for penny-shaped cracks. 
J. Appl. Mech. Dec. 1967.

Steele, R. L ., C. P. Edwards, L . O. Grant, and G. 
Langer. A calibration of the NCAR acoustical 
ice nucleus counter. J. Appl. Meteorology, 
Dec. 1967.

Steele, R. L. and C. I. Davis. Performance charac
teristics of various artificial ice nuclei sources. 
J. Appl. Meteorology 7:4.
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Steele, R. L . and C. I. Davis. Variation of ice nu
clei effectiveness with liquid water. J. Atmos. 
Sci. 7:4.

Wilbur, Paul. Energy transfer from a pulse net
work to a propagating current sheet. A IAA  
Paper 69-113, pres. at A IAA  Seventh Aerospace 
Sci. Meet., Jan. 21.

Wilhelm, H. E. Recombination in columns. J.
Chem. Phys. 47, 4356. 1967.

Wilhelm, H. E. Reactive equilibrium of magneto
active plasma. Z. Phys. 211, 380.

Wilhelm, H. E. Elementary proof of the minimum 
deflection of prism for symmetrical ray paths. 
Amer. J. Phys. 37, 436.

Theses
Hill, Edward A. Optimization of machine load

ing. M.S., 1969. Adviser: Sanford B. Thayer.
Ladd, Edward R. Optimum lot sizes for multi 

processes. M.S., 1968. Adviser: Sanford B. 
Thayer.

Larson, Lanny Jay. Depth effect for semi-elliptical 
cracks. M.S., 1968. Adviser: Fred W. Smith.

Tao, Yee-Chee. The effects of solar radiation and 
tesseral harmonic perturbations on the motion 
of earth satellites. M.S., 1969. Adviser: C. 
Byron Winn.

DEPARTMENT OF 
FISHERY AND WILDLIFE BIOLOGY

Baldes, Richard |. and Robert E. Vincent. Physical 
parameters of microhabitats occupied by 
brown trout In an experimental flume. Trans. 
Amer. Fish. Soc. 98:2, 230-238.

Barber, Thomas A. and Julius C. Nagy. Sage 
grouse cecal function. J. Colo-Wyo. Acad. of 
Sci. 6:2, 52. (abs.)

Behnke, Robert J. A  new subgenus and species 
of trout, Salmo (Platysalmo) platycephalus, 
from south central Turkey, with comments on 
the classification of subfamily Salmoninae. Mitt. 
Hamburg. Zool. Mus. Inst. 66, 1-15.

Behnke, Robert J. Rare and endangered species: 
the native trouts of western North America. 
Proc. Western Assn. State Game and Fish 
Comm. 48, 530-533.

Braun, C. E. and C. E. Rogers. Habitat and sea
sonal movements of white-tailed ptarmigan in 
Colorado. Proc. Colo.-Wyo. Acad. Sci. 5:8, 
74-75. 1967. (abs.)

Braun, Clait E. and Donald L . Pattie. A compari
son of alpine habitats and white-tailed ptarmi
gan occurrence in Colorado and northern W yo
ming. J. Colo.-Wyo. Acad. Sd. 6:2, 50. (abs.)

Carr, Harold D. A  literature review on effects 
of herbicides o n  sage grouse. Spec. Rep. No. 
13, Colo. Div. Game, Fish and Parks, and Coop. 
Wildl. Res. Unit.

Everhart, W. Harry. Maine power authority plan: 
Grand Allagash Lake, fishery management and 
fishery potential. Citizens Comm. for the 
Maine Power Authority. 1967.

Everhart, W. Harry. State fish and game and the 
University. Proc. Western Assn. State Came 
and Fish Comm. 48, 118-128.

Fowler, Ron. The antelope triangle. Colo. Out
doors 17:5, 20-23.

Glover, F. A. Fun with a gun. Colo. Outdoors 
17-5, 10-13.

G lover, F. A. Waterfowl of Colorado. Colo. Out
doors 17:5, 28-43.

Glover, Fred A. Waterfowl of Colorado. Colo. 
Outdoors 18:1, 31-37.

Gregory, R. W. and W. H. Babcock. Airlift for 
research. Colo. Outdoors 18:1, 45.

Hagen, Harold K. Control aquatic weeds. Amer.
Fishes and U. S. Trout News 13:5, 5-10.

Harder, John D. A literature review on orchard 
damage by deer. Special Report No. 12. State 
of Colo. Dept. of Game, Fish and Parks and 
Coop. Wildl. Res. Unit.

Heaton, LeRoy H. and Ivan B. McElwain. Com 
plement in Salmo gairdneri and Salmo trutta.
Trans. Amer. Fish Soc., 96:3, 351. 1967. 

Heaton, L. H. and G. Post. Tissue residue and 
oral safety of furazolidone in four species of 
trout. Prog. Fish-Cult.2 30:4, 208-215.

Hein, D. Review: The science of movement. ASB 
Bull. 15:3, 77.

Honess, R. F. and G. Post. History of an epizootic 
in sage grouse. Part 1— Sage Crouse Cocddi- 
osis. Sci. Monogr. 14. Agr. Exp. Sta., U. 
Wyo., Laramie.

King, J. S. and C. E. Braun. Fall foods of sub- 
alpine populations of blue grouse in Colorado.
J. Colo.-Wyo. Acad. Sci. 6:2, 52. (abs.)

Knox, K. L ., J. G. Nagy, and R. D. Brown. Water
turnover in mule deer. J. Wildl. Mgmt. 33:2, 
389.

Marti, C  D. Double broods of the barn owl in 
Colorado. Colo. Field Ornithologist 3, 7-9. 

Marti, Carl D. and Ronald A. Ryder. Food habits 
of four grassland inhabiting owls. J. Colo.- 
Wyo. Acad. Sci. 6:2, 50. (abs.)

May, Terry A. Observations on winter foods of 
Colorado white-tailed ptarmigan. J. Colo.-Wyo. 
Acad. Sci. 6:2, 49. (abs. No. 176)

Mooty, John J., Jr. Public relations and the license 
agent. Proc. West. Assn. of State Game and 
Fish Comm., 48, 272-277.

Murphy, Bruce D., Stanley I. Savage, Julius G. 
Nagy, Eldon W. Kienholtz, and Douglas L . G il
bert. Chemical characteristics of mature ant
lers in Rocky Mountain mule deer. J. Colo.- 
Wyo. Acad. of Sci. 6:2, 56 (abs.)

Nagy, J. G. and G. L . Williams. Rumino-reticular 
VFA content of pronghorn antelope. J. Wildl. 
Mgmt. 33:2, 437.

Nagy, J. G. and J. G. Gilbert. Fecal pH values 
of mule deer and grazing domestic sheep. J. 
Wildl. Mgmt. 32:4, 961-962.

Olson, John C. and Julius G. Nagy. Gastrointesti
nal pH values of mule deer. Colo.-Wyo. Acad. 
of Sci. 6:2, 56. (abs.)

Patten, B. C. and G. M. Van Dyne. Factorial pro
ductivity experiments in a shallow estuary; 
energetics of individual plankton species in 
mixed populations. Limnology & Oceanography 
13:3, 309-314.

Poley, Bruce E. Seasonal movements of sage 
grouse in Colorado. Colo. Field Ornithologist, 
5, 1-4.

Prenzlow, E. J., D. L. Gilbert, and F. A. Glover.
Some behavior patterns of the pronghorn. 
Colo. Came, Fish, and Parks Div. Spec. Rep. 
No. 17.

Rogers, Glenn E. and Clait E. Braun. Ptarmigan 
management in Colorado. Proc. Western Assn. 
State Game and Fish Comm. 48, 272-277. 

Ryder, Ronald A., A. J. Pakulak, and C. D. Little
field. Black brant observations in Larimer 
County, Colorado. Colo. Field Ornithologist. 
5, 5-7.

Ryder, Ronald A. and David A. Cobb. Birds of 
the Pawnee National Grasslands in northern 
Colorado. J Colo.-Wyo. Acad. Sci. 6:2, 5. (abs.) 

Smith, Dwight R. Wildlife extension in Colorado. 
Proc. Fourth Ann. Short Course in Game 
and Fish Mgmt., 57-61.

Smith, D. R. Ed.: Proceedings of Fourth Ann. 
Short Course in Game and Fish Mgmt.

Streeter, R. G. and C. E. Braun. Occurrence of 
pine marten (Martes americana) (Carnivora: 
Mustelidae) in Colorado alpine areas. South
west. Nat. 13:4, 449-451.

Swanson, G. A. A covey of quail. (New York) 
Conservationist 21:4, 14-15. 1967.

Swanson, G. A. Quality in our environment— a 
public problem. Wright College Assn. Occa
sional Paper No. 1. Univ. New England, 
Armidale, N.S.W., Australia.

Swanson, G. A. Man and the quality of his en
vironment— four problem areas. Proc. Western 
Res. Conf. 1967, Univ. Colo. Press 141-151.

Swanson, Gustav A. Significance of the decline. 
In Peregrine Falcon Populations. Their Biology 
and Decline, ed. J. J. Hickey, Univ. W isc. Press, 
519-521.

Swanson, Gustav A. Law and wildlife. Colo. Out
doors, 18:1, 26-30.

Swanson, Gustav A. Challenges in wildlife man
agement. New York's Fish and Wildlife Re
source, N. Y. State Cons. Dept. 28-34.

Swanson, Gustav A., J. T. Shields, B. L . Held, E. 
Decker, et al. Fish and wildlife resources on 
the public lands. Rep. Public Land Law Rev. 
Comm.

Vohs, P. V., and D. Hein. Variation among par
ticipants in a count of calls of cock pheasants. 
Proc. Iowa Acad. Sci. 75, 115-119.

Wesley, David E., Kirvin L . Knox, and Julius G. 
Nagy. Water kinetics in pronghorn antelope. 
J. Colo.-Wyo. Acad. of Sci. 6:2, 56. (abs.)

Theses
Bledsoe, Lewis J. Linear compartment systems in 

ecology. M.S., 1968. Adviser: George M. Van 
Dyne.

Blomberg, Goran E. D. Duck use of gravel pits. 
M.S., 1969. Adviser: Ronald A. Ryder.

Braun, Clait E. Ecology of white-tailed ptarmigan. 
Ph.D., 1969. Adviser: Ronald A. Ryder.

Clark, Gary G. Big game values to Colorado 
ranches. M.S., 1969. Adviser: Douglas L. Gil
bert.

Curnow, Richard D. 65Zn uptake and excretion 
in mallards. M.S., 1968. Adviser: Fred A. 
Glover.

Fowler, Ronald M. Factors influencing antelope 
harvest. M.S., 1969. Adviser: Fred A. Glover.

Gregory, Richard W. Chemical properties of wall
eye sperm. Ph.D., 1969. Adviser: Robert E. 
Vincent.

Harmon, Keith W. Economics of land-use changes 
and pheasants. Ph.D., 1968. Adviser: Dwight 
R. Smith.

Imler, Richard L . Radio telemetry system for fish. 
M.S., 1969. Adviser: Harold K. Hagen.

Kundaeli, John N. Cottontail response to P - J 
removal. M.S., 1969. Adviser: Dwight R. Smith.

Ladd, W ilbur N., Jr. Duck nesting in the Neb
raska sandhills. M.S., 1969. Adviser: Ronald 
A. Ryder.

Leaf, Charles F. Snowpac depletion and runoff 
in Colorado. Ph.D., 1969. Adviser: Robert E. 
Dils.

Li, Hiram Waye. Fishes of the South Platte River 
basin. M.S., 1969. Adviser: Robert J. Behnke.

Logsdon, Heywood S. Desert bighorn drug cap
ture techniques. Ph.D., 1969. Adviser: Dwight 
R. Smith.

M arnell, Leo F. Hooking mortality of cutthroat 
trout. Ph.D., 1969. Adviser: Harold K. Hagen.

Morrison, Kenneth P. Mourning dove ecology 
In British Columbia. M.S., 1969. Adviser: Ron
ald A. Ryder.

college of forestry 
and natural resources
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Pakulak, Allan J. Nesting ecology of Canada 
geese. M.S., 1969. Adviser: Ronald A. Ryder.

Peterson, William J. Deer kill as related to hunter 
access. M.S., 1969. Adviser: Fred A. Glover.

Schmidt, Raymond K., Jr. Breeding behavior of 
ptarmigan. M.S., 1969. Adviser: Ronald A. 
Ryder.

Schreck, Carl  B. Trouts of the Upper Kern River 
basin. M.S., 1969. Adviser: Robert J. Behnke.

Turner, Spencer E . Microhabitat velocity of rain
bow trout. M.S., 1969. Adviser: Robert E. Vin
cent.

Van Velson, Rodney C. Migration dynamics in 
rainbow trout. M.S., 1969. Adviser: Harold 
K. Hagen.

Walters, Carl  J. Fish production in an alpine lake. 
Ph.D., 1969. Adviser: Robert E. Vincent.

Will, Gary Clayton. Canada goose production, 
Larimer County. M.S., 1969. Adviser: Ronald 
A. Ryder.

Wright, Raymond G., Jr. Forest soil-site: com
parative analyses. M.S., 1969. Adviser: George 
M. Van Dyne.

DEPARTMENT OF FOREST 
AND WOOD SCIENCES

Chen, C  M. and F. F. Wangaard. Wettability and 
the hysteresis effect in the sorption of water 
and vapor by wood. W ood Sci. and Tech. 2, 
177-187.

Davidson, Ross W. Ceratocystis microspora as
sociated with Endothia parasitica cankers on 
live oak trees in Virginia. J. Colo.-Wyo. Acad. 
Sci. 6:2, 16.

Davidson, Ross W., J. E . DeVay, and W. J. Moller.
New species of Ceratocystis associated with 
bark injuries on fruit trees. Mycologia 60, 635- 
641.

Frayer, W. E . A  note on VARCOM : A  computer 
program used for determining variance com
ponents. Forest Sci. 14, 419.

Frayer, W. E ., R. W. Wilson, R. C. Peters, and C. 
A. Bickford. FINSYS: An efficient data-process- 
ing system for large inventories. J. Forestry 
66:12, 902-905.

Frayer, W. E . A  computer program for making 
S-contracts involving linear combinations of 
group means. Northeastern For. Exp. Sta. Res. 
Note NE-80.

Goodman, J. R. Layered wood systems with in
terlayer slip. W ood Sci. 1:3, 148-158.

Goor, A. Y. and  C  W. Barney. Forest tree plant
ing in arid zones. N. Y.: Ronald Press.

Hinds, T. E ., Ross W. Davidson, and F. F. Lom
bard. Decay of engelmann spruce by Lentinel- 
lus montanus in Colorado. Plant Disease Rep. 
52, 820-821.

Huey, B. M. Aspen accolade. Amer. Forests 
74-10, 44-47, 68-75.

Johnson, William B. The young forester speaks 
out on forestry education: A  1968 graduate 
evaluates the undergraduate program. J. For
estry 67:3, 162-163.

Robinson-Jeffrey, Robena C., and Ross W. David
son. Three new Europhium species with Ver- 
tickladiella imperfect states on blue-stained 
pine. Can. J. Botany 46, 1523-1527.

Wangaard, F. F. Cell-wall density of wood with 
particular reference to the southern pines. 
W ood Sci. 1:4, 222-226.

Woodson, George E . and F. F. Wangaard. Effect 
of forming stresses on the strength of curved 
laminated beams of loblolly pine. Forest Prod
ucts J. 19:3, 47-58.

Young, R. A. and G. H. Fechner. Administrative 
problems in forestry. J. Forestry 67:2, 101-103.

Theses
Forrer, Ward C. Specific gravity of engelmann 

spruce. M.S., 1969. Adviser: Donald L. Crews.
Geisler, David C. Comparative strengths of fence 

posts. M.S., 1969. Adviser: Harry E. Troxell.
Hutchinson, Earl R. Popular clonal growth in 

soilless media. M.S., 1969. Adviser: Gilbert H. 
Fechner.

DEPARTMENT OF RANGE SCIENCE
Bledsoe, L . J. and G. M. Van Dyne. Evaluation 

of a digital computer method for analysis of 
compartmental models of ecological systems. 
ORNL-TM-2414 Oak Ridge Nat. Lab., U. S. 
Atomic Energy Comm.

Clary, Warren, P., Peter F. Ffolliott, and Donald 
A. Jameson. Relationship of different forest 
floor layers to herbage production. U.S.D.A. 
Forest Serv. Res. Note RM  123.

Cook, C. Wayne. Feeding systems for sheep 
under range conditions. Sheep Nutrition and 
Feeding Symp. Amer. Sheep Prod. Council, 
Iowa State Univ.

Cook, C. Wayne and Lorin E . Harris. Effect of 
supplementation on intake and digestibility of 
range forage. Utah Agr. Exp. Sta. Bull. 475.

Cook, C. Wayne and Lorin E . Harris. Nutritive 
value of seasonal ranges. Utah Agr. Exp. Sta. 
Bull. 472.

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

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

Green, N. E  and R. M. Hansen. Relationship of 
seed weight to germination of six grasses. J. 
Range Mgmt. 22:2, 133-134.

Hansen, R. M. High energy food: Aspen bark. 
Colorado Outdoors 17, 48-49.

Hansen, R. M. and M. J. Morris. Movement of 
rocks by northern pocket gophers. J. Mammal. 
49, 391-399.

Hansen, Richard M. and R. F. Beck. Habitat of 
pocket gophers in Cochetopa Creek drainage. 
Colo. Amer. Midland Nat. 79, 103-117.

Haug, P. T. and G. M. Van Dyne. Secondary suc
cession in abandoned cultivated fields: an an
notated bibliography. Oak Ridge Nat. Lab. 
T.M.-2104.

Heeney, Marvin and Ralph Kotich. Range live
stock forage analyses handbook. CSU Ext. Serv., 
Fort Collins.

Hervey, D. F. Natural resources research pro
grams and facilities at CSU. J. Soil and Water 
Cons. 24:274-275.

Hyder, D. N. and A. C  Everson. Chemical fallow 
of abandoned croplands on the short-grass 
plains. Weed Sci. 16:4, 531-533.

Jameson, D. A. Degradation and accumulation 
of inhibitory substances from Juniperus osteo- 
sperma (Torr.) Little. Proc. IBP Symp. Plant—  
Plant Chem. Interactions. Santa Barbara. 
March.

Jameson, Donald A. Species interactions of 
growth inhibitors in native plants of northern 
Arizona. U. S. Forest Serv. Res. Note RM-113.

Jameson, D. A. Rainfall patterns on vegetation 
zones in northern Arizona. Plateau 41:3, 105- 
111.

Jameson, D. A. and J. D. Dodd. Herbage produc
tion differs with soil in the pinyon juniper type 
of Arizona. USDA  Forest Serv. Res. Note RM- 
131.

Johnson, D. R. and R. M. Hansen. Effects of range 
treatment with 2,4-D on rodent populations. J. 
Wildl. Mgmt. 33, 125-132.

Lavin, F., D. A. Jameson, and F. B. Comm. Juniper 
extract and deficient aeration effects on ger
mination of six range species. J. Range Mgmt. 
21, 262-263.

Marquiss, R. W. and A. C. Everson. Dryland pas
ture grasses and alfalfa at the Yellowjacket Sub
station, San Juan Basin, CSU Exp. Sta. PR 68-4.

Marquiss, R. W. and A. C. Everson. Dryland pas
ture grasses and alfalfas at the Hesperus Sta
tion, San Juan Basin. CSU Exp. Sta. PR 68-5.

Marquiss, R. W. and J. J. Norris. The use and 
management of seeded grass and grass-alfalfa 
range units. CSU Exp. Sta. PR 68-6.

Marquiss, R. W. and J. J. Norris. Management 
and improvement of oakbrush ranges. CSU 
Exp. Sta. PR 68-7.

Moir, W. H. Prairie rebirth. Sci. 162, 1312.
Moir, W. H. The lodgepole pine zone in Colo

rado. Amer. Midi. Nat. 81, 87-98.
Moir, W. H. Steppe Communities in the foothills 

of the Colorado Front Range and their relative 
productivities. Amer. M id l. Nat. 81, 331-340.

Moir, W. H. and H. Grier. Weight and N,P,K, and 
Ca content of forest floor humus of lodgepole 
pine stands in Colorado. Soil Sci. Soc. Amer. 
Proc. 33, 137-140.

Patten, B. C. and G. M. Van Dyne. Factorial pro
ductivity experiments in a shallow estuary: 
energetics of individual plankton species in 
mixed populations. Limnology & Oceanog
raphy. 13:2, 309-314.

Sparks, Donnie R. and John C. Malechek. Estimat
ing percentage dry weight in diets using a 
microscope technique. J. Range Mgmt. 21, 
264-265.

Sparks, Donnie R. Diet of black-tailed jackrab- 
bits on sandhill rangeland in Colorado. J. 
Range Mgmt. 21, 203-208.

Ueckert, Darrell N. Seasonal dry weight compo
sition in grasshopper diets on Colorado herb- 
land. Ann. Entom. Soc. Amer. 61, 1539-1544.

Van Dyne, G. M., F. M. Glass, and P. A. Opstrup. 
Development and use of capacitance meters to 
measure standing crop of herbaceous vegeta
tion. Publ. No. ORNL-TM-2247, Oak Ridge 
Sat. Lab. Atomic Energy Comm. Oak Ridge, 
Tenn.

Van Dyne, G. M. and P. T. Haug. Variables affect
ing in vitro rumen fermentation studies in 
forage evaluation: an annotated bibliography. 
Oak Ridge Nat. Lab. T.M.-1973.

Van Dyne, G. M., R. G. Wright, and J. F. Dollar. 
Influence of site factors on vegetation produc
tivity: a review and summarization of models, 
data, and references. Oak Ridge Nat. Lab. 
T.M.-1974.

Van Dyne, G. M. Review: Wildflowers of the 
United States, by H. W. Rickett. J. Range Mgmt. 
21:4, 271-272.

Van Dyne, G. M. Prediction by nonlinear pro
gramming of relative chemical composition of 
dietary botanical components. J. Range Mgmt. 
21:1,37-46.

Van Dyne, G. M. Measuring quantity and quality 
of the diet of large herbivores. Chapter 5 in 
A  Practical Guide to the Study of the Produc
tivity of Large Herbivores, eds. F. B. Golley and 
H. K. Buechner. Oxford, England: Blackwell 
Scientific Publications.

Welch, Tommy G. Carbohydrate reserves of sand 
reedgrass under different grazing intensities. 
J. Range Mgmt. 21, 216-220.
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Theses
Baer, Charles Van Sant. Analysis of soil-plant 

relationships. M.S., 1969. Adviser: Charles 
Terwilllger Jr.

Free, Janies C. Methods for estimating cattle 
diets. M.S., 1969. Adviser: Richard M. Hansen.

Green, Norman E. Habitat and density of small 
mammals. M.S., 1969. Adviser: Richard M. 
Hansen.

Haferkamp, Marshall R. Effects of fertilizer on 
big bluegrass. M.S., 1969. Adviser: Charles 
Terwllliger Jr.

DEPARTMENT OF RECREATION 
AND WATERSHED RESOURCES

Black, P. E. and K. L  Johnson. Watershed man
agement laboratory manual. State Univ. N. Y., 
Coll. of Forest. (Syracuse).

Brechtel, H. M. Watershed management— eine 
neue aufgabe fur forstieute. Wald Forum '68, 
Berichte aus der Hessischen Forstwirtschaft 
Sonderausgabe des "Staats-anzelgers fur das 
land Hessen." 71-74.

Brechtel, H. M. Strahlungsmessungen auf reak- 
tionskinetischer Grundlage und Anwendung- 
moglichkeiten fur hydrologische Zwecke. Part
I (Chemical Totalizer of Radiation-Develop
ment and Possibilities of Application for Hy
drologic Purpose). Deutsche Gewasserkund- 
liche Mitteilungen 12:6, 142-147.

Brechtel, H. M. Watershed-management-for- 
schung in den USA. Allgemeine Forst Zeit- 
schrift 24-14/15, 279-285.

Brechtel, H. M. Strahlungsmessungen auf reak- 
tionskinetlscher Grundlage und Anwendung- 
smoglichkeiten fur hydrologische Zwecke. Part
II (Chemical Totalizer of Radiation-Develop
ment and Possibilities of Application for Hy
drologic Purpose). Deutsche Gewasserkund- 
liche Mitteilungen 13:1,14-19.

Butts, David B. Fire for management in national 
parks. Occasional papers in Park and Recre
ation Admin., Rocky Mt.-High Plains Park and 
Rec. J. 3:2.

D ils, R. E. Challenges to creative conservation. 
Proc. 23rd Ann. Meet., Soil Conservation Soc. 
Am., Ankeny, Iowa. 5-9.

Dlls, R. E. Watershed management training in 
Argentina. Report on U N D P/FAO Project No. 
51, Food and Agr. Org., U.N., March.

D ils, R. E. Challenges to creative conservation. 
J. Soil and Water Conserv. 24:2, 44-47.

Dooling, P. J. A  recreation visitation analysis: A 
behavioristic model approach. Coll. Forest 
and Nat. Res., CSU.

Heede, Burchard H. Conversion of gullies to 
vegetation-lined waterways on m o u n t a i n  
slopes. USDA  Forest Serv. Res. Paper RM-40.

Held, R. Burnell. Economic aspects of fish and 
wildlife. Fish and Wildlife Res. on the Public 
Lands, Public Land Law Rev. Comm.

Held, R. Burnell. Resource relationships. Fish 
and Wildl. Res. on the Public Lands, Public 
Land Law Rev. Comm.

Jeffery, W. W. Calibration of a neutron probe, 
with particular attention to the surface foot, 
for a forest soil. Proc. Hydrology Symp. No. 
6— Soil Moisture, Univ. Saskatchewan 15-16 
Nov. 1967. 287-297.

Jeffery, W. W. Preliminary estimates of sample 
numbers required for soil moisture measure
ment by neutron probe in a forest soil. Proc. 
Hydrology Symp. No. 6— Soil Moisture, Univ. 
Saskatchewan 15-16 Nov. 1967. 298-302.

McClelland, Riley B. The Ecosystem— A  unifying 
concept for the management of natural areas 
in the national park system. Occ. Papers in 
Park and Rec. Admin., Rocky Mt.-High Plains 
Park and Rec. J. 3:2.

Striffier, W. D. Review: Principles of Hydrology, 
by R. C. Ward. J. Soil and Water Cons. 24:1, 
28-29.

Tabler, Ronald D. Physical and economic design 
criteria for induced snow accumulations proj
ects. Water Resources Res. 4:3, 513-519.

White, D. E. and L. D. Miller. Geothermal infra
red anomalies of low intensity, Yellowstone 
National Park. Rep. on Mission Results, NASA 
Aircraft Proj.— Earth Res. Prog. Manned Space
craft Center.

Wilcox, A. T. The challenge of leisure. Park Prac
tice-Trends 5:3, 21-23.

Wilcox, A. T. Ed.: Rocky Mountain-High Plains 
Park and Recreation J. 4:1.

Wilcox, A. T. Interpretive programs— a tool for 
social adjustment. Proc. Congress Rec. and 
Parks, Seattle, 157-159.

Wilcox, A. T. The recreation resource base. Proc. 
Recreation Mgmt. Inst., Texas A  & M, 10-16.

Theses
Ackerman, Gene F. Trails: Dinosaur National 

Monument. M.S., 1969. Adviser: Arthur T. 
Wilcox.

DeWalle, David R. Disposition of late-lying snow. 
Ph.D., 1969. Adviser: James R. Meiman.

Dourojeanni, Axel C. Hydrologic soil study of a 
watershed. M.S., 1969. Adviser: Robert E. Dils.

Kiling, Mustafa Yilmaz. Effect of wildfire on soil 
properties. M.S., 1968. Adviser: William D. 
Striffier.

Kraus, James E. Stimulation of interpretation pro
grams. M  S., 1969. Adviser: Arthur T. Wilcox.

Leaf, Charles F. Snowpack depletion and runoff 
in Colorado. Ph D., 1969. Adviser: Robert F. 
Dils.

Rango, Albert. Effects of precipitation modifica
tion. Ph.D., 1969. Adviser: Robert E. Dils.

Richardson, Stuart. Properties of m o u n t a i n  
streams. M.S., 1969. Adviser: William D. Striff
ier.

Zoghet, Mouine Fahed. Alpine surface soil move
ment. Ph.D., 1969. Adviser: William D. Striff
ier.

DEPARTMENT OF 
CHILD DEVELOPMENT AND 

FAMILY RELATIONS
Thesis
Steinkurger, Ilene J. Albrecht. Preschool pro

grams and parental usage. M.H.Ec., 1969. Ad
viser: Nancy A. Hoddick.

DEPARTMENT OF
CONSUMER SCIENCE AND HOUSING 
Thesis
Palmer, Suzanne M. Family investments in edu- 

cation. M.H.Ec., 1969. Adviser: May E. Combs.

DEPARTMENT OF FOOD SCIENCE 
AND NUTRITION

Bowman, Feme. High altitude and home bak
ing. Colo. Farm and Home Res. 18:4.

Leighton, M. M. and I. Harrill. Nutrient content 
of food served in nursing homes. J. Amer. 
Dietet. Assn. 53, 456.

Mathias, M. M. and J. Dupont Effect of biotin 
and B12 deficiencies on invitro metabolism of 
propionate and linoleate. Fed. Proc. 28, 370.

Theses
Seshadri, Subthra. Nutrient intake of students 

from India. M.S., 1969. Adviser: Inez K. Har- 
rill.

Shipman, Dolores Stebleton. Nutrient intake dur
ing pregnancy. M.S., 1969. Adviser: Inez K. 
Harrill.

DEPARTMENT OF 
TEXTILES AND CLOTHING 

Theses
Hard, Doris. Permanent press slacks for small 

boys. M.S., 1969. Adviser: Dagmar Gustafson.
Heineman, Marjorie Mae. Clothing selection by 

adolescent girls. M.A., 1968. Adviser: Dagmar 
Gustafson.

Isaac, Janice. Performance of selected carpeting. 
M.S., 1969. Co-advisers: Margaret Baer, Patricia 
A. Wilson.

Jacobsen, Beryl Outdoor apparel design for the 
Eskimo girl. M.S., 1968. Adviser: Dagmar Gus
tafson.

Kightlinger, Ellen M. Consumer use of textile 
labeling. M.S., 1968. Co-advisers: Dagmar 
Gustafson, Patricia Wilson.

Petty, Laroletta L. Silk linings used in woolen 
skirts. M.S., 1969. Adviser: Dagmar Gustaf
son.

Schauer, Shirley Kay. Closures in apparel for 
older women. M.S., 1968. Adviser: Dagmar 
Gustafson.

Stewart, Miriam L. Le Blanc. Retail outlets offer
ing used apparel for women. M.H.Ec., 1968. 
Adviser: Dagmar Gustafson.

Wenger, Judith A. Clothing fit and body attitudes. 
M.S., 1969. Adviser: Margaret Baer.

Whelchel, Theora M. Schimberg. Black watch 
regimental tartan today. M.A., 1968. Adviser: 
Dagmar C. Gustafson.

Whiteley, Rose Marie. Performance of carpeting. 
M.S., 1968. Adviser: Dagmar Gustafson.

Wilson, Susan M. Attitudes toward maternity 
wear. M.S., 1968. Adviser: Margaret Baer.

DEPARTMENT OF ART
Alexander, William C. American Craftsmen's 

Council South Central Show. Central City, 
Colo. (Exhibition).

Alexander, William C. Colorado Artist Craftsmen 
Association Annual Exhibition, Temple Buell 
College. Denver.

Alexander, William C. Own Your Own show. 
Pueblo, Colo. (Exhibition).

Alexander, William C. South Central Craftsmen's 
Exhibit. Santa Fe, N. M.

Brownlee, George. Northwest Printmaker's In
ternational Print Exhibition. Seattle, Wash., 
and Portland, Ore.

Brownlee, George. Show of Prints, Southern 
Idaho College. Twin Falls, Idaho. (One-man 
show).

Brownlee, George. Show of Prints and Draw
ings, Boulder County Library Gallery. Boulder, 
Colo. (One-man show).

college of home economics
college of humanities and 
social sciences
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Brownlee, George. Wichita Art Association's Na
tional Graphic Arts and Drawing. Wichita, Kan. 
(Exhibition).

Curfman, John. Design of pottery exhibit of three 
artists. Student Center Gallery, Colo. State 
Univ. Fort Collins.

Curfman, John. Design of exhibit on contempor
ary African paintings and sculpture and tribal 
jewelry and apparel. Nairobi.

Dormer, James. Eleventh National Print and 
Drawing Show, Oklahoma Art Center. Okla
homa City. (Exhibition).

Dormer, James. Fourth National Print Exhibition, 
Springfield College. Springfield, Mass.

Dormer, James. Invitational Graphics Exhibition, 
Southern Methodist Univ. Dallas.

Kutzik, John F. Viterbo College. LaCrosse, Wis. 
(One-man show).

Kutzik, John F. Seahorse Gallery. Sanibel, Fla. 
(One-man show).

Kutzik, John F. CSU Faculty Exhibition, Colo. 
State Univ. Fort Collins.

LaPlantz, David. Toledo Area May Show. Toledo, 
O. (Exhibition).

LaPlantz, David. "Young Americans" Exhibition. 
Univ. N. M. Gallery, Albuquerque, and M u 
seum of Contemporary Crafts, New York City, 
and two-year touring exhibition.

LaPlantz, David. National Sterling Silver Design 
Competition, New York City. (Second place; 
piece now on exhibit, Museum of Contempor
ary Crafts, New York).

LaPlantz, David. Michigan Artist-Craftsmen, De
troit Institute of Arts. Detroit. (Exhibition).

LaPlantz, David. Cranbook Academy of Art Sum
mer Show. Bloomfield Hills, Mich. (Exhibi
tion).

Orman, Jack L. Drawings and Small Sculpture 
National Exhibition, Ball State Univ. Muncie, 
Ind.

Orman, Jack L. Prints, Drawings and Sculpture. 
Colo. State Univ. Fort Collins. (One-man ex
hibition).

Orman, Jack L. Seventeenth Annual Southwestern 
Print and Drawing Exhibition, Museum of Fine 
Arts. Dallas.

Orman, Jack L . CSU Faculty Exhibition, Colo. 
State Univ. Fort Collins.

Risbeck, Phil. Southwestern Exhibition of Adver
tising and Editorial Art, Dallas-Forth Worth Art 
Directors Club. Mezzanine Gallery, Hilton Inn. 
Dallas. (Bronze award).

Risbeck, Phil. Art Directors of Denver Annual 
Exhibition, The Mile High Center. Denver. 
(Two awards).

Risbeck, Phil. Art Directors of Kansas City An
nual Exhibition, Carden Gallery, Commerce 
Tower. Kansas City, Mo. (Four awards and 
special citation).

Risbeck, Phil. Art Directors of Tulsa Annual Ex
hibition, Southern Hills Country Club. Tulsa, 
Okla. (One award).

Risbeck, Phil. Crown Gallery, Hallmark Cards, Inc. 
Kansas City, Mo. (20 posters exhibited).

Wassell, Harold. Colorado Artist Craftsmen Ex
hibit, Temple Buell College. Denver.

Wassell, Harold. Premiere Art Gallery Sales Show. 
Springfield, III.

Wassell, Harold. Southwest Craftsmen Exhibit, 
Gilpin County Art Gallery. Central City, Colo.

Wassell, Harold. CSU Faculty Art Exhibition, Colo. 
State Univ. Fort Collins.

Wassell, Harold. The Gallery. Denver. (One-man 
show).

Yust, David E. Maude I. Kerns Art Center. Eu
gene, Ore. (One-man show).

Yust, David E. I.B.M. Complex. Boulder, Colo. 
(One-man exhibition).

Yust, David E. Square Frames Gallery Limited, 
Larimer Square. Denver. (One-man exhibi
tion).

Yust, David E. CSU Faculty Art Exhibition, Colo.
State Univ. Fort Collins.

Yust, David E. The Nude Show, Gallery West. 
Denver.

Yust, David E. Bethune & Moore. Denver.
Yust, David E. Eighth Annual Own Your Own 

show. Pueblo, Colo.
Yust, David E. Gilpin County Art Show. Central 

City, Colo.

DEPARTMENT OF ECONOMICS
Allardice, D. R. and K. C. Nobe. Evaluation of 

efficiency in allocating contract research funds 
by the Colorado Water Conservation Board. 
NRE-1, Dept. of Econ., CSU, Fort Collins, Colo.

Anderson, Raymond L. A  simulation program to 
establish optimum crop patterns on irrigated 
farms based on preseason estimates of water 
supply. Am. J. Agr. Econ. 50: Dec. 1586-1590.

Anderson, Raymond L. A simulation technique 
to estimate crop production on irrigation pro
jects based on crop response to varying sched
ules of irrigation water. International Com
mission on Irrigation and Drainage Proc. Sev
enth Congress, Mexico City, Apr. 14. 23.547- 
23.558.

Darcy, Robert L . Manpower in a changing econ
omy. Am. Voc. J. 44:3, 57-60.

Darcy, Robert L. The world of work; New thrust 
in economic education. Nat. Bus. Ed. Quar
terly, March.

Darcy, Robert L. and Phillip E. Powell. Manpower 
education in a growing economy. Athens, 
Ohio: Ctr. for Econ. Ed., Ohio Univ. Aug.

Fan, Liang-Shing. On the divergence of private 
and social benefits (costs). The Indian Eco
nomic J. XVI:1, 90-92.

Fan, Liang-Shing. A  note on the shapes of mar
ginal utility curves. Kyklos (Int. J. Soc. Sciences) 
XXI:4, 761-764.

Feltner, R. L. and D. D. Rohdy. Generalized dis
tribution problem. Framework and application. 
Chap. 14, Contemporary Agricultural Market
ing, ed., Irving Dubov, Univ. Tenn. Press.

Gilbert, A. H. and K. C. Nobe. Surveys of hunt
ing and fishing expenditures: Uses, abuses and 
methodological problems. Abs. Proc. Fifth Ann. 
Short Course in Game and Fish Management. 
CSU, Fort Collins, Colo. Feb.

Lewis, J. H. Feed grain needs in Colorado. Res. 
Bull. No. 887.

Lewis, J. H. and R. R. LeBlanc. Colorado hay pro- 
durers, middlemen and users. Res. Bull. No. 
872.

Lewis, J. H., J. W. Shatava, and W. W. Foster.
The hay market of Colorado. Res. Bull. No. 875.

Lovegrove, R. E. and D. D. Rohdy. Estimated ex
penditures, by location, attributable to the 
1967-68 special goose permit season in north 
central Colorado. NRE-2, Dept. of Econ., CSU.

Madsen, A. G. and T. E. Kleinschmidt. Pilot study 
of plywood distribution and use in the Phoenix 
trade area. Rocky Mt. Forest and Range Exp. 
Sta. March.

Munger, James A. Public access to public domain 
lands: Two case studies of landowner-sports
man conflict. USDA Econ. Res. Serv., Misc. Pub. 
No. 1122.

Nelson, C  Alan and Melvin D. Skold. Resources, 
costs and returns on cattle ranches in the 
mountain areas of Colorado by size of ranch. 
Colo. Agr. Exp. Sta. Bull. 101.

Newcomb, Clarence P. and Melvin D. Skold. 
Aggregate supply responses of eastern Colo
rado wheat farmers. Colo. Agr. Exp. Sta. Bull. 
104.

Peterson, R. D. Economic structure of Idaho: A  
provisional input-output study. Idaho BBER 
Res. Rep. No. 12, July. Univ. Idaho.

Peterson, R. D. The content and conduct of tech
nical course No. 6: The economics of agricul
tural production and resource use. Dept. of 
Agr. Econ. Bull. 48. Univ. Neb. April.

Radosovich, G. E. and K. C. Nobe. Legal liability 
and limitations when private property in Colo
rado is used for outdoor recreation. NRE-3, 
Dept. of Econ., CSU, Fort Collins, Colo.

Sitter, Harry G. and Melvin D. Skold. Aggregate 
supply responses of eastern Colorado wheat 
farmers. Colo. Agr. Exp. Sta. Bull. 104.

Sitter, Harry G. and Melvin D. Skold. Analysis of 
change in the agrarian sector of the Great 
Plains. The Rocky Mt. Social Science J. 5:2, 
38-48.

Skold, Melvin D. What is irrigation worth? Irri
gation Age 3:7, 36-40. Amarillo, Tex. Feb.

Sorensen, D. M. Capital productivity and man
agement performance in small farm agricul
ture in southern Brazil. Dissertation. Ohio State 
Univ. Aug.

Spencer, William P. Yuma County alfalfa dehy
dration plant. Feasibility study.

Spencer, William P. and Thomas A. Miller. Better 
understanding Colorado wheat production 
costs. Bull. 464A.

Walsh, Richard G. Analysis of macaroni manu
facturing costs. The Macaroni J. Nov.

Walsh, Richard G. Discussion of patterns of con
glomerate growth 1947-69. Economics of Con
glomerate Growth, North Central Regional 
Marketing Comm. No. 20, Kansas City, May.

Walsh, Richard G. Efficiency of tank wagon de
livery of farm petroluem products. Neb. Agr. 
Exp. Sta. Bull. 503 Jan.

Walsh. Richard G. Finance tomorrow— today. 
Tools for a New Tomorrow. Proc. Ninth Ann. 
Ins./Finance Conf. Coop. League of USA Den
ver, June.

Walsh, Richard G. Market structure and eco
nomic development. Role of Marketing in 
Economic Development: Foreign and Domes
tic. West. Agr. Econ. Res. Coun. Tucson.

W ilken, Gene C. Drained-field agriculture: An 
intensive farming system in Tlaxcala, Mexico. 
The Geographical Rev. 59, 215-241. April.

Winn, J. Hugh. Beef cattle trends. Feb.
Winn, J. Hugh. Colorado agricultural roundup. 

Fall.
Winn, J. Hugh. Colorado agricultural roundup. 

Spring.
Winn, J. Hugh. Feeder cattle market. Feb.
Winn, J. Hugh. Feeder cattle situation. Western 

Livestock Roundup. May.
Winn, J. Hugh. Finished cattle marketings. Feb.
Winn, J. Hugh. The futures market. Feb.
Wykstra, R. A. The Nebraska Economy: Man

power and Economic Growth. Univ. Neb. New 
Series No. 37. Lincoln Univ. Neb. Press, Sept.

Wykstra, R. A. Human resources, education, and 
the lesser developed countries. J. Developing 
Areas. June.

Theses
Anderson, Robert N. A systems analyis of public 

welfare. Ph.D., 1969. Adviser: Milton D. 
Vaughn.

Bums, John R. Price structure of Colorado pota
toes. M.S., 1968. Adviser: C. Richard Creek. 

Foster, William W. Economic base of Weld Coun
ty Colorado. M.S., 1968. Adviser: Donald D. 
Rohdy.

Huszar, Paul C. Economics of irrigation system 
consolidation. M.S., 1969. Adviser: Donald D. 
Rohdy.
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Maury, Allen Victor. Human development and 
economic growth. M.S., 1969. Adviser: Ronald 
A. Wykstra.

Meyers, W. M. Analysis of five eastern Colorado 
cooperatives. M.S., 1969. Adviser: J. H. Lewis.

Nelson, Clarence A. Linear programmed ranch 
management. M.S., 1968. Adviser: M. D. Skold.

Peterson, David H. Optimum allocation of irri
gation water. M.S., 1969. Adviser: Raymond 
L. Anderson.

Rockwell, Dwight Alan. Economics of mental 
rehabilitation. M.S., 1968. Adviser: Donald D. 
Rohdy.

DEPARTMENT OF EDUCATION
Aubertine, Horace E. New tools for research and 

teacher education. Educ. Television I: 5,10-13.
Aubertine, Horace E . The rural school students 

speak out. Phi Delta Kappa 50:10.
Brown, Dean R. Microbiology: A  Programmed 

Presentation. St. Louis: M osby and Co. Nov.
Cole, Stanley M. School land problems and pros

pects: Through the eyes of an educator. Proc. 
Western Resources Conf., CSU Printing and 
Publications, Fort Collins, Colo. May.

Daly, Joseph L. The effect of time limits on a 
university placement test. J. Ed. Res. 62: 2, 
103-104.

Dash, Edward F. Pupil records: Rightful obliga
tion of school districts or intrusion on student 
privacy? Utah Personnel and Guidance Assn. 
Res. Bull. 1: Oct., 15-18.

Hubbell, Robert An experiment with discipline 
and a recommendation for change. J. Ed. Res. 
62:8, 366-369.

Osborn, Lynn R. and B. Jan Timmons. Evaluation 
procedures in the speech fundamentals course. 
Central States Speech J. XIX: 3, 209-213.

Smith, Herbert A. Professional education: Taps 
or Reveille? School Sci. and Math. 69:Jan., 
43-52.

Smith, Herbert A. and Ralph P. Frazier. The Bio
logical Sciences. River Forest Ill.: Laidlaw 
Brothers.

Theses
Andrews, Mary Jo. Age, sex, and achievement 

relationships. M.Ed., 1969. Adviser: Barbara J. 
Timmons.

Dikeman, Richard E . Human emphasis in exten
sion programs. M.Ed., 1969. Adviser: James 
M. Kincaid Jr.

Foster, Mary L. Bums. Bibliotherapy for early 
adolescents. M.Ed., 1969. Adviser: Barbara J. 
Timmons.

Greene, Wilton T. Reading and personality ad
justment— grade seven. M.Ed., 1968. Adviser: 
Donald E. Carline.

Hagen, Mary C  Hirsig. Teachers' effect on stu
dent library use. M.Ed., 1969. Adviser: B. Jan 
Timmons.

Heizer, Paulette E . Bilto. Study of women's hous
ing policies— Colorado State University. M.Ed., 
1969. Adviser: Gordon F. Quiller.

Jenkins, Dolores J. Apartment resident attitude 
difference. M.Ed., 1968. Adviser: Gordon F. 
Quiller.

Lanham, Helen L . Holmes. Bibliotherapy and 
reading interest. M.Ed., 1969. Adviser: Howard 
D. Bruner.

Latona, Alan C. Concepts of collegiate decision 
making. M.Ed., 1969. Adviser: Robert N. Hub- 
bell.

McAfoose, Ray E . Feasibility to computerize Colo
rado State University's education department. 
M.Ed., 1969. Adviser: Stanley M. Cole.

Miller, John E . Peer group reading habits. M.Ed., 
1968. Adviser: Howard D. Bruner.

Schuman, Mary Ellen. Information sources of 
young homemakers. M.Ed., 1968. Adviser: 
Denzil O. Clegg.

Siehs, Kurt P. Study of reading in the fifth grade. 
M.Ed., 1969. Adviser: Howard D. Bruner.

Solfermoser, Barbara M. Magary. Self-concept 
and reading critically. M.Ed., 1969. Adviser: 
Barbara J. Timmons.

Tangney, James B. Evaluation of Colorado State 
University opportunity program. M.Ed., 1968. 
Adviser: Joseph L. Daly.

Walker, Sister Mary Daniel, O.S.M. A  compari
son of two types of reading. M.Ed., 1968. Ad
viser: Donald E. Carline.

DEPARTMENT OF ENGLISH
Bennett, John Z. The coil. N. Amer. Rev. V:5, 

22-25.
Bennett, John Z. Tryst. (Poem) Dust III:4, 39.
Bryant, Paul T. Ed.: From Geography to Geotech

nics by Benton MacKaye. Univ. Ill. Press.
Bucco, Martin. Frank Waters. Austin: Steck- 

Vaugh.
Bucco, Martin. The serialized novels of Sinclair 

Lewis. Western Amer. Lit. IV: Spring.
Levine, Carl. Budapest: the painful memories. 

Congr. Bi-Weekly XXXV: 14, 11-14.
Levine, Carl. Communication disjunction and 

mental patient rehabilitation. J. Human Rela
tions, XVI: Fourth quarter, 532-546.

Levine, Carl. Communication systems and the 
mentally ill. ETC: A  Review of General Seman
tics XXV: Sept., 325-336.

Levine, Cart. Trans. Mother, Sweet Mother, The 
Poetry of Kalman Segal. Reconstructionist 
XXXV: 1, 20.

Levine, Carl. Rumania: dialogues and encount
ers. Congr. Bi-Weekly XXXV: 12, 9-12.

Levine, Carl. Warsaw: The doomed community. 
Congr. Bi-Weekly XXXVI: 2, 12-16.

Levine, Carl. Dr. Morgenbesser's Children: A 
play for adults. Company of Theatre Artists, 
Denver, May 16.

Michaelson, L. W. Oswald and Graffitti. New 
Campus Rev. II: 1, 47.

Michaelson, L . W. Writing and DeToqueville's 
bitter pill. Wis. Rev. 4:2, 14-16.

Michaelson, L . W. Anti-war poetry. Trace 68: 
Spring, 222-224.

Michaelson, L  W. Requiem for a long-dead 
movie star. New Campus Rev. 21: March, 3-8.

Michaelson, L . W. The concert-goer and other 
stories. Ph.D. dissertation, DU, May.

Trimble, Martha Scott. PRE programmed review 
of English: Unit I-Spelling; Unit II-Diction; 
Unit Ill-Writing. New York: Harper & Row.

Wiegand, Charles D. Logic. Pierian Spring I: 
Fall, 16.

Wiegand, Charles D. Ed.: Lions Tales.

Theses
Ackerman, Mary Ellen Maffia. Nature essays: 

Dinasaur National Monument. M.A., 1969. Ad
viser: J. Golden Taylor.

Axelrath, Stephen B. 135 Middle Road. M.A., 
1968. Adviser: Paul T. Bryant.

Benson, Paul F. The critical theories of C. Day- 
Lewis. M.A., 1969. Adviser: John Z. Bennett.

Duncan, Marlene V. Levine. Shakespeare and 
Shylock. M.A., 1968. Adviser: Paul A. Bates.

Hoglin, Donald A. A  rhetoric of theme topics. 
M.A., 1969. Adviser: W. Claud Henry.

Kingman, Marcia J. Klynstra. An approach to 
Harold Pinter. M.A., 1968. Adviser: John E. 
Seaman.

Kogan, Richard A. Catch-22 and the American 
novel of the absurd. M A ,  1968. Adviser: 
Nicholas L. M. Crome.

Pavich, Paul N. Joseph W ood Krutch: western 
nature essayist. M.A., 1968. J. Golden Taylor.

Pillai, Nandini. A study of Muriel Spark. M A ., 
1969. Adviser: John Z. Bennett.

Redderson, Theresa Trajick. Stories by Harold 
Frederic. M.A., 1969. Adviser: Martin Bucco.

Richardson, Elizabeth A. Miller. The poetry of 
Theodore Roethke. M.A., 1969. Adviser: 
Nicholas L. M. Crome.

Smith, Jocelyn Olson. Computer applications in 
literary research. M A ., 1968. Adviser: Law
rence R. Dawson.

DEPARTMENT OF 
FOREIGN LANGUAGES

McMurray, George R. Cambio de piel, an ex
istentialist novel of protest. Hispania, March.

McMurray, George R. Current trends in the Mex
ican novel. Hispania, Sept.

McMurray, George R. Farabeuf, novela feno- 
menologica. Revista de la Universidad de Mex
ico (Hojas de critica) Aug.

McMurray, George R. Themes and technical pro
cedures in the novels of Mario Vargas Llosa. 
Mod. Lang. Quart., Univ. Wash. Sept.

Preller, A rno  G. Ecological investigations of the 
subalpine zone. Trans. with D. A. Sinclair. Nat. 
Res. Council of Canada.

Preller, Am o G. Word frequency lists. The Teach
ing of German, Problems and Methods, ed. 
Eberhard Reichmann, spring.

DEPARTMENT OF HEARING AND 
SPEECH SCIENCE

Augustine, L. E . Child growth, speech, and lan
guage development. The Utilization of Sup
portive Personnel in Speech Correlation in 
the Public Schools, ed. J. G. Alpiner. Grant Rep. 
Bur. of the Handicapped, U. S. Off. of Ed. Oct.

Augustine, L. E. The speech mechanism. The 
Utilization of Supportive Personnel in Speech 
Correlation in the Public Schools, ed. J. G. 
Alpiner. Grant Rep. Bur. of the Handicapped, 
U. S. Off. of Ed. Oct.

Barber, P. S. and D. E. Rose. Bone conduction 
oscillator placement in testing hearing of 
selected groups of children. Amer. J. Ment. 
Def. 73, 666-672.

Moore, E. J. and D. E. Rose. Variability of latency 
and amplitude of acoustically evoked responses 
to pure tones of moderate to high intensity. 
Int. Audiology 1, 172-181.

Roesar, R. J. and D. E  Rose.. Electroencephalo- 
graphic audiometry in the determination of 
cochlear pathology. J. Aud. Res. 8, 135-141.

Rose, D. E  and P. A. Rittmanic. Evoked response 
tests with the mentally retarded. Arch. Oto
laryngol. 88, 61-64.

Rose, D. E. and W. M. Shearer. Cortical audiom
etry for children. EENT Dig. 30, 61-64.

Rose, D. E ., C. M. Williams, and L. Barney. Read
ing dynamics with the hearing impaired. J. 
Rehab. of the Deaf 2, 57-61.

Willeford, J. A. Overview of audiology. J. Colo. 
Speech and Hearing Assn. 3, 22-27.
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Willeford, J. A. The hearing mechanism. The 
Utilization of Supportive Personnel in Speech 
Correction in the Public Schools, ed. J. G. 
A lpiner. Grant Rep. Bur. of the Handicapped, 
U. S. Off. of Ed. Oct.

Willeford, J. A. The role of the audiologist in 
the evaluation of the pre-school and school- 
age aurally handicapped child. Proc. Inst. for 
the Aurally Handicapped. Colo. Dept. of Ed. 
Feb.

Thesis
Ivey, Robert. Tests for CNS auditory function. 

M.S., 1969. Adviser: Jack A. Willeford.

DEPARTMENT OF HISTORY
Bayard, Charles J. The Clay-Judah correspond

ence. Register of the Kentucky Hist. Soc. 67, 
80-86.

Leyendecker, Liston E. Colorado and Expo—  
1867. Colorado Magazine XLVI, 1-15.

Nathan, Meyer J. Theodore Roosevelt and the 
1916 election. Rocky Mt. Soc. Sci. J. 64-75.

Rock, Kenneth W. Reaction triumphant: The 
diplomacy of Felix Schwarzenberg and Nich
olas I in mastering the Hungarian Insurrection, 
1848-1850. Ph.D. disseration, Stanford Univ.

Weisser, Henry C. Polonophilism and the Brit
ish working class. Polish Rev. XII, Spring, 1967.

Weisser, Henry C. The British working class and 
the Cracow Uprising of 1846. Polish Rev. XIII, 
Winter.

Worrall, Arthur J. New England Quakerism, 1656- 
1830. Ph.D. dissertation, Indiana Univ.

Thesis
Cooksey, Ronald L. American Tory ideologies. 

M.A., 1969. Adviser: Henry C. Weisser.

DEPARTMENT OF INDUSTRIAL ARTS
Nielsen, Erwin E. A  comparative analysis of doc

toral degree programs in industrial education. 
Ph.D. dissertation, Colo. State College, May.

DEPARTMENT OF MUSIC
Haddad, Donald W. Introduction and dance for 

brass choir and timpani. Far Hills, New Jersey: 
Horn Realm.

Haddad, Donald W. Two impressions for horn 
quartet. Delaware Water Gap, Pennsylvania: 
Shawnee Press.

DEPARTMENT OF PHILOSOPHY
Gorovitz, Samuel, Ron G. Williams, Donald Pro

vence, and Merrill Provence. Philosophical 
Analysis: An Introduction to Its Language & 
Techniques, 2nd ed. New York: Random 
House.

Lonnes, Jerome L  The ethical theory of Richard 
Price. Dissertation, Emory University.

Lyons, Daniel D. The odd debt of gratitude. 
Analysis 29:3 (New Series No. 129), 92-97.

DEPARTMENT OF 
PHYSICAL EDUCATION

Cowel, B. C. Annual CSU intramural Handbook. 
July.

Pettine, Alvin M. Keeping dropouts in. Colo. Ed. 
Rev. Dec. p. 5.

Plese, Elliott R. Cardiorespiratory and metabolic 
effects of work during hypo- and hypobaria. 
35th Ann. Meet. Federation Proc. March-April, 
13-18.

Plese, Elliott R. Effects of hypo- and hyperbaria 
upon heart rates during exercise. Proc. Res. 
Papers, Amer. Assn. Health, Phys. Ed. and Rec
reation, Washington, D. C. p. 92.

Theses
Campiglia, Bob A. Basic golf swing with video 

tape. M.Ed., 1969. Adviser: Alvin M. Pettine.
Ross, Renee Wade. A measure of teacher - pupil 

rapport. M.Ed., 1969. Adviser: Alvin M. Pet
tine.

DEPARTMENT OF 
POLITICAL SCIENCE

Charlton, Sue Ellen. The attitudes and policies 
of the French Socialist party (S.F.I.O.) regard
ing European integration, 1946-1966. Ph.D. 
dissertation, Univ. Denver, Dec.

Garrison, Charles L. Political involvement and 
political socialism. Soc. Sci. Quart. 49:2.

Garrison, Charles L. and Duane Hill. The water 
resources engineer and social research: poten
tials for collaboration. Urban Water Resources 
Research. New York: Amer. Soc. of Civil Eng. 
Urban Hydrol. Res. Council, Sept.

Laux, William E. Agricultural interest groups in 
Danish politics: An examination of group frus
tration amidst political stability. Western Pol. 
Quart. XXI: Sept., 436-455.

Ogden, Daniel M., Jr. Paul Butler, party theory, 
and the Democratic party. Comparative Po
litical Problems: Britain, United States and 
Canada, by John E. Kersell and Marshall W. 
Conley. Scarborough, Ontario: Prentice Hall 
of Canada. 117-124.

Ogden, Daniel M., Jr. The new outdoor recreation 
systems: Where are they leading us? Rocky 
Mountain-High Plains Parks and Recreation J. 
IV: 1, 1-10.

Sryaaer, John A. Contributor: Fish and wildlife 
resource on the public lands. A study pre
pared for the Public Land Law Rev. Comm., 
CSU.

Theses
Anderson, Jerald H. Theory of wars of national 

liberation. M.A., 1969. Adviser: Roy L. Meek.
Bitting, James T. United States-Panama relations. 

M.A., 1968. Adviser: J. Leon Cefkin.
Daftary, Mariam. The issue of Chinese represen

tation in the United Nations. M.A., 1968. Ad
viser: J. Leo Cefkin.

Nelson, Michael B. An exercise in political logic. 
M.A., 1969. Adviser: Duane W. Hill.

DEPARTMENT OF
SOCIOLOGY AND ANTHROPOLOGY
Ellenbogen, Bert L  Health care styles in rural 

and urban areas. Rural Sociology 32.3.

Judge, William J. and J. Dawson. Paleo-lndian 
sites and topography in the middle Rio Grande 
Valley of New Mexico. Plains Anthropologist 
14:44, Pt. 1, 149-163.

Vlachos, Evan C. Law enforcement subsystem in 
new community development criteria. Center 
for Urban Affairs, Univ. Colo., Denver, Nov. 
XV, 1-124. (Special Report to the Office of Ur
ban Tech. and Res., U. S. Dept. of Housing and 
Urban Development).

Vlachos, Evan C. Urbanization and development: 
The case of Greece. Rocky Mt. Soc. Sci. J. 
V I:1, 127-140.

Winnie, William W. New Florencia: A  case study 
for the 1970 censuses of population and hous
ing. Unit VIII, Chap. 1. Rev. and Anal. of 
Census Data. Wash., D. C., U. S. Dept. of Com 
merce, Bur. of the Census, Int. Stat. Training 
and Workshop Office. Series ISP 3, V III-1.

Young, T. R. and P. Beardsley. The sociology of 
classroom teachings: A  micro-functional analy
sis. J. Ed. Thought 2:3, 175-186.

Theses
Bartell, William J. Urban teenage re-enrollment 

In 4-H. M.S.,1968. Adviser: Glenn C. Dildine.
Bradish, Damaris K. Achievement attitudes of His- 

panos. Ph.D., 1969. Adviser: Glenn C. Dildine.
Dellah, Carolyn J. Lewis. Cultural effects on the 

perception of color. M.S., 1969. Adviser: Robert 
J. Theodoratus.

Ham, Don G. Performance: Goal and role am
biguity. Ph.D., 1968. Adviser: Glenn C. D il- 
dine.

Hecht, Roger Leon. Static vs. change processes. 
Ph.D., 1969. Adviser: Glenn C. Dildine.

Ibsen, Charles A. Adolescent attitudes and oc
cupational choice. Ph.D., 1968. Adviser: Glenn 
C. Dildine.

Lin, Anne Liu. The population problem of Tai
wan. M.S., 1968. Adviser: Evan C. Vlachos.

Madsen, Patricia A. Olson. The residence hall 
community. M.S., 1969. Adviser: Evan C. Vla
chos.

Seibold, Ronald L. Perceptions and fraternity 
roles. M.S., 1969. Adviser: Glenn C. Dildine.

Tiller, Beverly J. Adjustment of foreign students. 
M.S., 1969. Adviser: William W. Winnie.

Wallize, John A., Jr. Audience analysis of a uni
versity published agricultural magazine. M.S., 
1968. Adviser: Glenn C. Dildine.

Wilcox, Leslie D. Social class, anomie, and de
linquency. Ph.D., 1969. Adviser Emmit F. 
Sharp.

DEPARTMENT OF SPEECH AND 
THEATRE ARTS

Braddy, Robert E. Scene design and lighting for: 
Danton's Death, The Birds, Luv, Don Giovanni, 
J.B., at CSU.

Hostettler, Gordon F. Assoc. Ed., Speech M ono
graphs. (Res. pub., Speech Assn. of America), 
XXXV.

Nelson, Roy C. Strategies for changing educa
tional institutions. Proc. Eleventh Ann. Inst. 
in Tech. and Org. Communication. CSU.

Oaks, Harold R. Administration notes. AETA 
Theatre News, Admin. Supp. 1:1, 1N-2N.

Oaks, Harold R. A  comment on the education 
of administrators. AETA Theatre News, Admin. 
Supp. 1:1. 2N-3N.

Oaks, Harold R. Administration notes— Admin
istration: A  larger view. AETA Theatre News, 
Admin. Suppl. I:6, N1-N2.
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Oaks, Harold R. Theatre administration training 
in the U.S.S.R. AETA Theatre News, 1:1, N6-N7.

Oaks, Harold R. Dir. The Birds, by Aristophanes, 
and J. B. by Archibald MacLeish, at CSU.

W illis, Ronald A. The American laboratory the
atre, 1923-30. Ph.D. dissertation, Univ. Iowa.

W illis, Ronald A. Dir. Danton's Death, by Buch
ner, Luv, by Murray Schisgal, and Don Giovan
ni, by Mozart, at CSU.

Theses
Hladky, Valerie A. Personality change of students 

in high school drama. M.A., 1969. Adviser: 
Ronald A. Willis.

Kugler, Thomas W. Hubert H. Humphrey's ac
ceptance speech in Chicago. M.A., 1969. Ad
viser: Gordon F. Hostettler.

Martin, Mary A. Reynolds. The feast of fools, 
1190-1445. M.A., 1969. Adviser: Ronald A. 
Willis.

Sysel, Roberta Dyas. The elocutionary theories 
of Andrew Comstock. M.A., 1969. Adviser: 
Gordon F. Hostettler.

Ullmann, W. Richard. An experimental study of 
the effects of animated and static delivery style 
upon listener comprehension and attitude 
shift. M A ,  1968. Adviser: Halbert E. Gulley.

DEPARTMENT OF 
TECHNICAL JOURNALISM

McGuire, Delbert. Editors permissive on non-at
tribution: More lenient on political stories. 
Ed. and Publ. 101:34, 15.

McKee, Blaine K. Education of technical writers.
Tech. Commun. XVI: 1, 17-20.

McKee, Blaine K. 'Public relations'— its connota
tion in newspaper usage. Public Relations J. 
XXIV: 7, 25-26.

McKee, Blaine K. Reporters affected by decisions 
'Inside Financial News. Quill LVI: 5, 27. 

McKee, Blaine K. The value of readability for
mulas. Reporting XXI: 9, 10-11.

DEPARTMENT OF 
VOCATIONAL EDUCATION

Blake, Duane L  and M. E. Larson. The bridge 
between man and his work. Report on implica
tions of current proposals on voc. ed. for ind., 
ed., and leg. CSU, Fort Collins, Colo. Aug.

Blake, Duane L . and M. E. Larson. Report on 
the citizen's conference on man, education 
and work. CSU, Fort Collins, Colo. Oct.

Gutcher, Dan and Douglas Sjogren. Current and 
future demands on vocational education. The 
High School J. 52:5.

Huffman, Harry. BOOST: Business and office edu
cation student training. The Center for Voc. 
and Tech. Ed., Ohio State Univ. June, p. 91.

Huffman, Harry. Ed. Criteria for Evaluation of 
Programs in Business and Office Education. 
1969 Yearbook of the Nat. Bus. Ed. Assn. May, 
p. 500.

Huffman, Harry. Uniqueness of cooperative edu
cation. The Amer. Voc. J. May, 1-4

Huffman, Harry and Clyde Welter. Understand
ing educational problems of disadvantaged. 
Bus. Ed. World Jan. 8-11.

Huffman, Harry and others. A  taxonomy of office 
activities for business and office education. The 
Center for Voc. and Tech. Ed., Ohio State Univ. 
July, p. 163.

Knox, Alan B., Arden Grotelueschen, and Doug
las D. Sjogren. Adult intelligence and learn
ing ability. Adult Ed. J. 18:3.

Larson, Milton E. and D. L . Blake. The bridge 
between man and his work. Report on impli
cations of current proposals on voc. ed. for 
ind., ed., and leg. CSU, Fort Collins, Colo. 
Aug.

Larson, Milton E. and D. L. Blake. Report on the 
citizen's conference on man, education and 
work. CSU, Fort Collins, Colo. Oct.

Neidt, C. O. and D. D. Sjogren. Changes in stu
dent attitudes during a course in relation to 
instructional media. AV Communication Rev. 
16:3.

Sjogren, Douglas. The compleat educational re
searcher. Lab. of Ed'l. Res., CSU. Aug.

Sjogren, Douglas and Dale Gutcher. Current and 
future demands on vocational education. The 
High School J. 52:5. Feb.

Sjogren, Douglas, Alan B. Knox, and Arden Grote
lueschen. Adult learning in relation to prior 
participation In formal educational activities. 
Adult Ed. J. 18:4.

Sjogren, Douglas, G. W. England, and Richard 
Meltzer. The development of an instrument 
for assessing the personal values of educational 
administrators, final report. USOE No. OEG- 
8-8-080016-2006(057), Apr.

Theses
Breese, Edward L. Factors of testing in three 

trades. M.Ed., 1969. Adviser: Duane L. Blake.
Fritzler, Connie June Miller. Study of selected 

vocational programs. M.Ed., 1969. Adviser: 
Albert C. Masterson.

Gutcher, Gerald D. Education and economic 
change. Ph.D., 1969. Adviser: Duane L. Blake.

Hanson, Robert DuWayne. Teaching methods in 
data processing. Ph.D., 1969. Adviser: Duane
L. Blake.

Jones, Janie Louise. Personality in vocational oc
cupations. Ph.D., 1969. Adviser: Duane L. 
Blake.

Masterson, Albert C. Perceptions of office work. 
Ph.D., 1969. Adviser: Milton E. Larson.

Neal, Charles R. Interdisciplinary vocational edu
cation. M.Ed., 1969. Adviser: Duane L. Blake.

Needham, Raymond J. Development of technical 
occupations. Ph.D., 1969. Adviser: Harry Huff
man.

Stone, Thomas C. Prediction of success In P - H 
vocational education. Ph.D., 1969. Adviser: 
Milton E. Larson.

Uhlinger, Winifred D. Ethnic groups: their aspi
rations and acceptance of adult education pro
grams. M.Ed., 1969. Adviser: Duane L. Blake.

DEPARTMENT OF BIOCHEMISTRY
Faust, C. H., Jr. and R. P. Tengerdy. The effect of 

antigenic conformation on Ag-A6 complex 
formation. Fed. Proc.

Hoffmann, Bernd, Pat Humburg, and Robert P. 
Martin. Isolation of crystalline nicotinamide 
from bovine blood. Proc. Soc. for Exp. Biol. 
Med. 128, 967.

Jordan, J. P., Jack B. Simmons II, and Y. Desh- 
pande. Metabolic effects of neon-oxygen en
vironment. Fed. Proc. 28:656.

Jordan, J. P., Jack Simmons II, D. V. Lassiter, Y. 
Deshpande, and D. J. Dierschke. Metabolic 
effects of nitrogen and neon as diluent en
vironmental gases. Depressed Metabolism. Eds. 
X. J. Musacchia and J. F. Saunders. N. Y. Am. 
Elsevier Publ. Co., Inc. 67-113.

Jordan, J. P., Y. Deshpande, and J. B. Allred. Car
bohydrate metabolism in a high oxygen— low 
pressure environment. Proc. XXIV In t. Cong. 
of Physiol. Sci. 7, 220.

Martin, J. L ., A. Shrift, and M. L . Gerlach. The
characterization of the selenoamino acids In 
various selenium accumulator plants. Federa
tion Proc. 28, 809.

Martin, J. L. and M. L  Gerlach. Separate elution 
by ion-exchange chromotography of some bio
logically important selenoamino acids. Anal. 
Biochem. 29, 257.

Squire, Phil G. Studies on the stability of glu- 
cose-6-phosphate dehydrogenase from bovine 
adrenals with special reference to adrenal pro
tease activity. Int. J. Protein Res. I, 141-143.

Squire, Phil G., P. Moser, and C. T. O 'Konski. 
Hydrodynamic properties of bovine serum al
bumin monomer and dimer. Biochemistry 7, 
4261.

Tengerdy, R. P. and T. C. Kramer. Immune re
sponse of rabbits during short term exposure 
to high altitude. Nature 217, 367.

Tengerdy, R. P. and C. H. Faust Jr. The role of 
antigenic structure in the Ag-A6 reaction. Na
ture 219, 195.

Tengerdy, R. P. and T. C. Kramer. The effect of 
hypoxia on the immune response. Bact. Proc.
p. 69.

Town, P. M., P. G. Squire, and A. T. Tu. Charac
terization of the enzymatic and biological ac
tivities of snake venoms by isoelectric focus
ing. Biochem. Biophys. Acta. 181-339.

Tu, A. T. Hydrolysis of arginine esters by snake 
venoms. Experiment in Physiology and Bio
chemistry, ed. G. A. Kerkut, New York: Aca
demic Press, 85.

Tu, A. T. Snake venom peptidase activities. Ex
periments In Physiology and Biochemistry, ed. 
G. A. Kerkut. New York: Academic Press.

Tu, A. T. and B. L . Adams. Phylogenetic relation
ships among venomous snakes of genus Ag- 
kistrodon from Asia and the North American 
Continent. Nature 271, 760-762.

Tu, A. T. and C. Friederich. Interaction of copper 
ion with guanosine and related compounds. 
Biochem. 7, 4367-4372.

Tu, A. T. and S. Ganthavorn. Comparison of 
Naja Naja Siamensis and Naja Naja Atra ven
oms. Toxicon 5, 207-211.

Tu, A. T. and S. Ganthavorn. Immunological 
properties, and neutralization of sea snake ven
oms from Southeast Asia. Am. J. Trop. Med. 
Hygiene 18, 151-154.

Tu, A. T., M. Homma, and B. S. Hong. Hemor
rhagic, myonecrotic, thrombotic, and proteoly
tic activities of viper venoms. Toxicon 6, 175- 
178.

Tu, A. T., J. A. Reinosa, and Y. Y. Hsiao. Peroxida- 
tive activity of hemepeptides from horse heart 
cytocrome c. Experimentia 24, 219-221.

Tu, A. T. and P. M. Toom. Hydrolysis of pep
tides by crotalidae and viperidae venom. Tox
icon 5, 201-205.

Theses
Friederich, Christian G. Copper interaction with 

DN A  components. M.S., 1968. Adviser: An
thony T. Tu.

Passey, Richard B. Phospholipase in a snake ven
om. Ph.D., 1969. Adviser: Anthony T. Tu.

Toom, Paul M. Snake venom esterases and pro
teases. Ph.D., 1969. Adviser: Anthony T. Tu.

college of natural sciences
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DEPARTMENT OF BOTANY 
AND PLANT PATHOLOGY

Altman, J. The sugar beet nematode— problems 
and progress In Colorado. Down To Earth 
23:4, 27-31.

Carr, D. J., M. C. Warren, and N. Oshima. De
cline disease of pinyon pines in western Colo
rado. J. Col.-Wyo. Acad. Sci. 5:9, 48-49.

Counter, B. F. and N. Oshima. Pythium wilt in 
snap beans. CSU Canning Crop Notes.

Counter, B. F. and N. Oshima. incidences of 
Pythium wilt in Colorado. Ann. Rep. Bean 
Improv. Coop. 12, 11-12.

Dickens, L. E ., M. D. Harrison, and K. W. Knutson. 
Early blight of potato. CSU Coop. Ext. Ser. 
Pamphlet No. 114.

Dickens, L . E . and N. Oshima. An evaluation of 
protective sprays for halo blight control in 
snap beans. PI. Dis. Rep. 52, 225-226.

Dickens, L . E . and N. Oshima. Protective sprays 
inhibit secondary spread of common bacterial 
blight in snap beans. Ann. Rep. Bean Improv. 
Coop. 12, 17-18.

Dickens, L . E . and N. Oshima. Seed treatment 
for the prevention of Fusarium root rot of 
beans. Bean Improv. Coop. 12, 18.

Dunder, J. D. and N. Oshima. Physiology of 
basidiocarp formation in certain wood-decay
ing fungi. J. Colo.-Wyo. Acad. Sci. 5:9, 49. 
(abs.)

Freed, V. H. and R. L . Zimdahl. Herbicide resi
dues and their behavior in soil. Brit. Columbia 
Weed Sci. Soc. 1-13.

Fults, J. Turf-Weed Research. Proc. 3rd Ann. 
Colo. Weed Control Conf. CSU, Fort Collins. 
Nov. 20-21.

Heikes, P. E  and J. Fults. Colorado Weed Con
trol Handbook. (Mimeo.) CSU Coop. Ext. Ser., 
Fort Collins. Ann. Revision (Publ. 1963).

Hendrix, J. E  Labeling pattern of translocated 
stachyose in squash. Plant Physiol. 43 , 1631-36.

Holmes, C. W., D. J. Worley, L . R. Evans, and N. 
Oshima. Seed germination in dwarf mistle
toes. J. Colo.-Wyo. Acad. Sci. 5, 9:48. (abs.)

Kreutzer, W. A. Concept of phytopathogen an
tagonism on the sugarbeet rhizosphere. J. 
Colo.-Wyo. Acad. Sci. 6:9, 53.

Newsome, R. D. and R. L . Dix. The forests of 
the Cypress Hills, Alberta and Saskatchewan, 
Canada. Amer. M id l. Nat. 80, 118-185.

Norton, Claire. Red algae in Colorado. J. Colo.- 
Wyo. Acad. Sci. 6:1, 14.

Oshima, N. and L . E . Dickens. Diseases of can
ning crops in Colorado. PI. Dis. Rep. 52, 
542-544.

Oshima, N. Report on the bean bacterial disease 
conference. CSU Canning Crop Notes. 7:3,1-2.

Quinn, James A. Variability among high plains 
populations of Panicum virgatum. Bull. Torrey 
Bot. Club. 96:1, 20-41.

Quinn, lames A. and Richard T. Ward. Ecological 
differentiation in sand dropseed (Sporobolus 
cryptandrus). Ecological Monograph 39, 61-78.

Reeves, F. A  perennial Nidula from Alaska. Amer. 
M id l. Nat. 80:1, 271-273.

Reeves, F. Ascospore formation in Neocosmo- 
spora vasinfecta. Int. Bot. Cong. Seattle, Wash. 
abs.)

Ross, C  and C  V. Cole. Metabolism of cytidine 
and uridine in bean leaves. Plant Physiol. 43, 
1227-1231.

Stanley, J. M., J. Altman, and R. A. Spotts. A  
sodium-linked disease of ponderosa pine in 
Denver, Colo. PI. Dis. Rep. 52:12, 908-910.

Zimdahl, R. L . Chemical detection of herbicide 
residues in plants and soil. Colo. Weed Conf. 
3, 2-4.

Zimdahl, R. L . Soil additives as a means of re
ducing herbicide carry-over in soil. Colo. Weed 
Conf. 3, 46-48.

Zimdahl, R. L. and V. H. Freed. The decomposi
tion of phenyl urea herbicides in soil. Ann. 
Mtg. Weed Sci. Soc. Amer. (abs.) p. 78. 

Zimdahl, R. L . and V. H. Freed. The decomposi
tion of triazine herbicides in soil. Proc. West. 
Soc. Weed Sci. 22:10.

Zimdahl, R. L. The etymology of herbicides. Weed 
Sci. 17, 137-139.

Zimdahl, R. L. Weeds in grain cost you money.
Colo. Rancher and Farmer. April. 42-44. 

Zimdahl, R. L . and B. L. Bohmont. The response
of potatoes to soil and plant residues of pic- 
loram. West. Soc. Weed Sci. Res. Prog. Rep. 
105-106.

Theses
Antonopoulos, Antonius A. Plant pathogen—

herbicide interactions. PhD., 1969. Co-Ad
visers: Jess L. Fults, William A. Kreutzer.

Dodson, Sharon G. Briggs. Proteins in flowering.
M.S., 1969. Adviser: Cleon W. Ross.

Gapter, John K. Mode action of PCNB. Ph.D., 
1968. Adviser: Ralph R. Baker.

Goeken, Frances R. McWilliams. Cytotaxonomy 
of Oenothera caespitosa. M.S., 1969. Adviser: 
William M. Klein.

Johnson, Terrance B. Cytokinins and crown gall 
tumorgenesis. Ph.D., 1969. Adviser: Cleon W. 
Ross.

McClintock, Mary E  Fellion. Effect of gravity on 
wheat respiration. M.S., 1969. Adviser: W il
liam A. Kreutzer.

Pearcy, Robert W. Ecotypes of Deschampsia 
caespitosa. Ph.D., 1969. Adviser: Richard T. 
Ward.

Sayres, Richard L . Germination of sand drop- 
seed and sand lovegrass Ph.D., 1969. Adviser: 
Louis N. Bass.

Spotts, Robert A. Environmental factors of pine 
tip bum. M.S., 1969. Adviser: Jack Altman.

Steen, Ordell A. Aspen grove dieback in Sas
katchewan. M.S., 1969. Adviser: Ralph L. Dix.

Venette, James R. Early blight of potato tubers. 
M.S., 1969. Adviser: Monty D. Harrison.

Weatherspoon, Dan M. Competition of kochia 
in sugarbeets. Ph.D., 1969. Co-Advisers: Jess 
L. Fults, Edward E. Schweizer.

DEPARTMENT OF CHEMISTRY
Bedrosian, A. J., R. K. Skogerboe, and G. H. M or

rison. Direct emission spectrographic method 
for trace elements in biological materials. Anal. 
Chem. 40, 854.

Coller, B. A. W., M. L . Heffernan, and A. J. Jones.
Benzene isomers, II:3, 4-dimethylenecydobu- 
tene. Austral. J. Chem. 21, 1807.

Daugherty, N. A. Prediction of molecular polar
ity by V.S.E.R.P. theory. J. Chem. Ed. 46, 283.

Guillory, J. P., C. R. Cook, and C. M. O 'Donnell. 
Quenching of phosphorescence lifetimes by 
energy transfer in hydrogen-bonded com
plexes. Phillips Petroleum Co. Res. & Devi. 
Report p. 5195.

Jones, A. J. and D. M. Grant. Carbon-13 mag
netic resonance: On the paramagnetic ring- 
current in biphenylene. Chem. Commun. 1670.

Jones, A. J. Criteria for aromatic character. Rev. 
Pure and Appl. Chem. 18, 253.

Lauer, G. and R. A. Osteryoung. A  general pur
pose laboratory data acquisition and control 
system. Anal. Chem. 40, 30A.

Miller, L . L ., R. Greisinger, and R. F. Boyer. Migra
tory aptitudes In a thermal sigmatropic re
arrangement. J. Amer. Chem. Soc. 91, 1578.

Miller, E . L . and L . J. Jacoby. The electron trans
fer reduction of dibenzonorcaradiene: Orbital 
symmetry considerations in an ion radical re
action. J. Amer. Chem. Soc. 91, 1130.

Miller, Larry L . and Don A. Kaufman. The sol
volysis of triaryliodoethylenes: Structure and 
selectivity of vinyl cations. J. Amer. Chem. 
Soc. 90, 7282.

Miller, L . L. and D. A. Kaufman. The reaction of 
silver nitrate with vinyl bromides. J. Org. 
Chem. 34, 1495.

Mosier, A. R., W. D. Guenz, and L . L . Miller.
Photochemical decomposition of D DT  by a 
free radical. Sci. 164, 1083.

Noyce, D. S. and K. E. DeBruin. The kinetics and 
mechanism of the acid catalyzed hydration of 
phenylbenzoylacetylene. J. Amer. Chem. Soc. 
90, 312.

Skogerboe, R. K., A. T. Kashuba, and G. H. M or
rison. Ultrapurification of graphite by pre
burning for use in emission spectrography and 
solids mass spectrography. Appl. Spectr. 23, 
169.

Skogerboe, R. K., A. T. Kashuba, and G. H. M o r
rison. Evaluation of the sources of error in 
spark source mass spectrography. Anal. Chem. 
40, 1096.

Skogerboe, R. K., Rosemary Todd, and G. H. M or
rison. Absorption-emission intensity r a t i o  
measurements In flame spectrophotometry. 
Anal. Chem. 40, 2.

Stermitz, F. R. and R. M. Coomes. The structures 
of coulteropine and other protopine-type alka
loid acid salts. Tetrahedron Letters 3915.

Stermitz, F. R. and R. M. Coomes. Alkaloids of 
the three subspecies of Agremone Pteiacantha 
Greene. Phytochemistry 8, 611.

Stermitz, F. R. and K. D. McMurtrey. Alkaloids 
of the papaveraceae: X new alkaloids from 
A rgemone gracilenta Greene. J. Org. Chem. 
34, 553.

Stermitz, F. R., D. E . Nicodem, C. C. Wei, and 
K. D. McMurtrey. Alkaloids of Argemone Poly- 
anthemos, A. Croymbosa, A. Chisosensis, A. 
Sanguinea, A. Aurantiaca and general arge
mone systematics. Phytochemistry 8, 615.

Warren, C. Gerald. The synthesis of ferroselite 
from an aqueous solution at low temperature. 
Economic Geol. 63, 418-419.

Theses
Amir, Karim Abdul. Group I chelates of 8-quino-

linol. Ph.D., 1969. Adviser: C. Gerald Warren. 
Daly, Stephen S. Kinetic isotope effect in imida

zoles. M.S., 1969. Adviser: John D. Vaughan. 
Green, Dennis W. Organic electron transfer oxi

dations. M.S., 1969. Adviser: Larry L. Miller. 
Ho, Heung-fan. Baeyer - villiger and analogous 

reactions. Ph.D., 1969. Adviser: Jerold C. 
Robertson.

Kaufman, Don A. Vinyl halide solvolysis and 
oxidation. Ph.D., 1969. Adviser: Larry L. Miller. 

Khuthier, Abdul-Hussain. Studies on the syn
thesis of azonine. Ph.D., 1969. Adviser: Jerold 
C. Robertson.

Kujawa, Edward P. Electroiodination. M.S., 1969. 
Adviser: Larry L. Miller.

Mosier, Arvin R. Photolytic degradation of DDT.
M.S., 1969. Adviser: Larry L. Miller. 

Mughrabi, Ziad Kamel. H, DE D  exchange of 
imidazoles. M.S., 1969. Adviser: John D. 
Vaughan.

Schiefelbein, Benedict .  Kinetic study of the 
Sn +  3 — V  +  5 reaction. Ph.D., 1969. Ad
viser: Ned A. Daugherty.

Smith, William A. Iodination of heterocyclic sub- 
trates. M.S., 1969. Adviser: John D. Vaughan. 

Springborn, Richard L . Chemistry of recoil C-14 
in KN3. M.S., 1969. Adviser: John D. Vaughan.
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DEPARTMENT OF GEOLOGY
Chronic, M. E. McCallum, C. S. Ferris Jr., and 

D. H. Eggler. Lower Paleozoic rocks In dia- 
tremes, southern Wyoming and northern Colo
rado. Geol. Soc. Amer. Bull. 80, 149-156.

Johnson, R. B. Divide tunnel refraction seismic 
survey, Fryingpan-Arkansas Project, Colorado. 
U. S. Dept. of Int., Bur. of Rec.

McCallum, M. E. Cenozoic history of the east- 
central Medicine Bow Mountains, Wyoming. 
Mountain Geol. 5:2, 69-81.

McCallum, M. E. and D. H. Eggler. Preliminary 
report on mineralogy of kimberlitic diatremes 
in the northern Front Range, Colorado-Wyo- 
ming. (abs.) Geol. Soc. Amer. Abstracts for 
1968.

Scheidegger, A. E., R. W. Fairbridge, and S. A. 
Schumm. Badlands. Encyclopedia of Gormor- 
phology. New York: Rheinhold Book Corp. 
43-48.

Schumm, S. A. Review: The Cycle of Erosion in 
Different Climates, by Pierre Birot (trans. by 
C. I. Jackson and K. M. Clayton). Sci. 161, 
876-877.

Schumm, S. A. Speculations concerning paleo- 
hydrologic controls of terrestrial sedimenta
tion. Geol. Soc. Amer. Bull. 79, 1573-1588.

Schumm, S. A. On the movement of surface 
markers. Field Methods for the Study of Slope 
and Fluvial Processes. Revue de Geomorphol- 
ogie Dynamique 17, 160. 1967.

Schumm, S. A. River adjustment to altered hy
drologic regimen, Murrumbidgee River and 
paleochannels, Australia. U. S. Geol. Survey 
Prof. Paper 598.

Schumm, S. A. River metamorphosis. J. Hyd. Div., 
Proc. Amer. Soc. Civil Eng. HY 1, 255-273.

Schumm, S. A. Geomorphic implications of cli
mate change. Water, Earth and Man, ed. R. 
J. Chorley. London: Methuen & Co. 525-534.

Schumm, S. A. Natural and man-induced erosion 
in semi-arid regions: A  geomorphic approach. 
Amer. Soc. Agr. Eng. Trans. 12:1.

Schumm, S. A. On vegetation as a marker. Field 
Methods for the Study of Slope and Fluvial 
Processes. Revue de Geomorphologie Dyna
mique 17, 168. 1967.

Schumm, S. A. Erosion measured by stakes. Field 
Methods for the Study of Slope and Fluvial 
Processes. Revue de Geomorphologie Dyna
mique 17, 161-162. 1967.

Waltz, James P. Ground water. Water, Earth and 
Man, ed. R. J. Chorley. London: Methuen & Co. 
259-267.

Theses
Beverly, Charles E. Structure-petrology rustic, 

Colorado area. M.S., 1969. Adviser: Malcolm 
E. McCallum.

Ganow, Harold C. Expansive clay in benton 
formation, North Central Colorado. M.S., 1969. 
Adviser: Robert B. Johnson.

Pyle, William D., Jr. Aquifer geometry based on 
surface data. M.S., 1969. Adviser: Robert B. 
Johnson.

Stollar, Robert L . Applications of geophysics in 
hydrogeology. M.S., 1969. Adviser: James P. 
Waltz.

DEPARTMENT OF 
MATHEMATICS AND STATISTICS

Allgower, Eugene and R. B. Guenther. On the
numerical solution of higher order nonlinear 
parabolic equations. Computing 3 ,  139-150.

Culver, Roger B. Colorado skies. Column in Fort 
Collins, Colo., Coloradoan.

DeMeyer, Frank. The Galois group of a com
mutative ring. AM S Notices 15:1.

Gaines, Robert E. Continuous dependence for 
two-point boundary value problems. Pacific J. 
Math. 19.

Gaines, Robert E. and Jerrold Bebemes. De
pendence on boundary data and a generalized 
boundary value problem. J D iff. Eq. 4, 359-368.

Graybill, F. A. Introduction to Matrices that have 
Application in Statistics. Wadsworth Publish
ing Co.

Hecker, R. J., M. G. Payne, and E. E. Remmenga. 
Performance of sugar beet hybrids at different 
harvest dates. J. Amer. Soc. Sugar Beet Tech. 
14:6, July 1967.

Kelman, R. B. and N. Madsen. Stable motions 
of the linear adiabatic oscillator. J. Math. Anal. 
and Applic. 21, 458-465.

Klein, W. D., O. W. Olsen, and D. C. Bowden. 
Effects of intestinal fluke, Crepidostomum fari- 
onis, on rainbow trout, Salmo gairdnerii. Trans. 
Amer. Fisheries Soc. 98:1, 1-6.

Klopfenstein, Kenneth J. Laguerre spaces of en
tire functions. Duke Math. J. 35:3. Sept.

Klopfenstein, Kenneth J. and F. Max Stein. Ap
proximate solutions of a system of differential 
equations. J. Approx. Theory No. 1, 279-292.

Levinger, Bernard W. A  folk theorem in func
tional diffential equations. J. Diff. Eq. 4. 612- 
619.

Levinger, Bernard W. Minimal Gerschgorin III. 
Linear Algebra and Its Applications. 2, 13-15.

Llamos, Jose and M. M. Siddiqui. Runs of pre
cipitation series. Hydrology Paper No. 33, 
May.

Maag, G. W., R. J. Hecker, M. G. Payne, E. E. 
Remmenga, and E. M. Harrison. The interrela
tion of 3-hydroxytyramine and polyphenoloxi- 
dase with weight per root and percent sucrose 
in sugar beet. J. Amer. Soc. Sugar Beet Tech. 
14:8.

Maag, G. W., M. G. Payne, I. Wickham, R. J. 
Hecker, E. E. Remmenga, and E. M. Harrison.
Association of chemical characters with cer- 
cospora leaf spot resistance in sugar beets. J. 
Amer. Soc. Sugar Beet Tech., 14:7.

McHugh, Richard B. and Paul W. Mielke Jr. 
Negative variance estimates and statistical de
pendence in nested sampling. J. Amer. Statist. 
Assoc. 63, 1000-1003.

Painter, Richard. Review: Numerical solution of 
the inverse algebraic eigenvalue problem, ed. 
Z. Bohte. Computing Reviews.

Prenter, P. M. and D. S. Carter. Exponential 
spaces and counting processes. Zeitschrift fur 
Wahrscheinlichkeits Theorie und verwandte 
gebiete. Berlin: Springer Verlag.

Short, H., E. E. Remmenga, and Boyd. Variation 
in ruminoreticular contents of white-tailed 
deer. J. Wildl. Mgmt. 33:1.

Siddiqui, M. M. and S. M. Ostrow. Gram-charlier 
series distribution for f0F2 and M(3000)F2. 
Radio Sci. 3, 383-385.

Siddiqui, M. M. Review: Stationary Random 
Processes by Yu. A. Rozanov. J. Amer. Statis. 
Assoc. 63: Sept., 1061.

Siddiqui, M. M. and Calvin Butler. Asymptotic 
joint distribution of linear systematic statistics 
from multivariate distributions. J. Amer. Statis. 
Assoc. 64: March, 300-305.

Srivastava, J. N. Srivastava codes-noncyclic codes 
with an algebraic decoding algorithm. Section 
15.1 in Algebraic Coding Theory by E. Berle- 
kamp. New York: McGraw-Hill.

Srivastava, J. N. Mathematical theory of con
founded and fractionally replicated factorial 
designs with emphasis on the asymmetrical 
case. Ind. Soc. Agr. Statis., V. G. Panse's 62nd 
birthday volume, 260-275.

Srivastava, J. N. Some studies on intersection 
tests in multivariate analysis of variance. Proc. 
Second Int. Symp. on Multivariate Analysis, 
Dayton, p. 1-34.

Stein, F. Max and R. G. Huffstutler. The approxi
mate solution of y 1 =F(xy). Pac. J. Math. 24:2, 
283-289.

Stein, F. Max and R. G. Huffstutler. The approxi
mate solution of certain nonlinear differential 
equations. Proc. Amer. Math. Soc. 19, 998- 
1002.

Stein, F. Max and Kenneth F. Klopfenstein. Ap
proximate solutions of a system of differential 
equations. J. Approx. Theory 1, 279-292.

Townsend, C. E. and E. E. Remmenga. Inbreed
ing in tetraploid Alsike clover, tirfolium hy- 
bridum. Crop Sci. 8:2, 213-217.

Theses
Bange, David W. A  boundary value problem in

O. D. E. M.S., 1969. Adviser: Robert E. Gaines. 
Behbehani, Ann Louise Workman. M XN  matrices

with elements M O D  A  prime. M.S., 1969. Co
advisers: Frederick M. Carpenter, Ervin R. Deal. 

Capp, Clifford B. Asymptotic series. M.S., 1969.
Adviser: Albert B. Farnell.

De Jong, Dennis L . A  model for hyperbolic ge
ometry. M.S., 1969. Adviser: H. Howard Fri- 
singer.

Eicker, Patrick J. A  matrix occupancy problem.
Ph.D., 1969. Adviser:: M. M o inuddin Siddiqui. 

Halverson, Wade K., Jr. Sample editing in sym
metric densities. Ph.D., 1969. Adviser: James 
S. Williams.

Heiny, Robert Lowel. Stochastic models for sur
pluses and deficits. Ph.D., 1968. Adviser: M. 
Moinuddin Siddiqui.

Kingman, Albert. Pseudolinear and pseudoqua
dratic forms. Ph.D., 1969. Adviser: Franklin A. 
Graybill.

Milliken, George A. Extensions of the general 
linear model. Ph.D., 1969. Adviser: Franklin 
A. Graybill.

Nelson, Vern A. Analyticity of solutions of ellip
tic equations. Ph.D., 1968. Adviser: Donald
P. Squier.

Ratcliff, Michael I. Zeros of Sturm— Liouville sys
tems. M.S., 1969. Adviser: F. Max Stein. 

Sanders, William L . Galerkin's method and ap
plications. M.S., 1969. Adviser: John S. Locker. 

Sobieski, Wayne J. Continued fractions, fibonacci 
numbers. M.S., 1968. Adviser: Darel W. Hardy. 

Steinhorst, Richard K. Designs with unequal cell 
frequencies. M.S., 1969. Adviser: Franklin A. 
Graybill.

Thompson, Glenda L . Quadratic forms. M.S., 
1969. Adviser: Kenneth J. Whitcomb.

Vrem, Richard C. Cyclotomic polynomials. M.S., 
1969. Adviser: Darel W. Hardy.

Williams, Michael Zane. On certain mixed bound
ary value programs. Ph.D., 1969. Adviser: 
Robert B. Kelman.

Yeap, EeNah. Functional Hilbert space. M.S., 
1969. Adviser: Kenneth F. Klopfenstein. 

Young, Olan R. The unilateral shift. M.S., 1969. 
Adviser: Kenneth F. Klopfenstein.

DEPARTMENT OF PHYSICS
Beattie, A. G., J. E. Schirber, and J. R. Neighbours.

Ultrasonic determination of the pressure de
pendence of the superconducting energy gap 
in tin. Phys. Rev. 175, 599.

Chand, P. Interaction of antineutrino with nucle
ons. Bull. Amer. Phys. Soc. 14, 563.
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Edwards, D. F. and Michael E. Bacon. Effect of 
strong collisions on the H  profile. Phys. Rev. 
170:1, 125-127.

Edwards, D. F., J. Masso, Y. D. Marker, and C. Y. 
She. Diagnostics and evidence of pre-catastro- 
phic damage in transparent solids. Am. Soc. 
Testing and Materials, June.

Etters, R. D. and J. C. Raich. Theory of mixed 
fermi-bose systems with arbitrary numbers of 
interacting species. Nuova Cimento.

Harker, Y. D., J. Masso, and David F. Edwards. 
Width and shape of raman lines in selected 
organic liquids. J. Chem. Phys. 51, June. 

Harker, Y. D., C . Y. She, and D. F. Edwards. 
Stress-dependent raman frequency and line- 
width in -quartz. Appl. Phys. Letters, June. 

Marshall, S. W. Mossbauer effect in chromium- 
substituted magnetite. Philadelphia Meet. APS, 
March.

Marshall, S. W. Ultrasonic modulation of gamma 
rays. Seventy-seventh Meet. of Acoustical Soc. 
of Amer., Apr.

Marshall, S. W. and Joel G. Hanse. Shallow water 
sound transmission in the Baltic Sea and off 
the coast of Spain. Tech. Rep. (ONR), June. 

Masso, J., Y. D. Harker, and D. F. Edwards. Cool 
it baby; merits of photo-multiplier cooling for 
photon counting experiments. Appl. Optics, 
June.

Neighbours, J. R. and R. W. Moss. Ultrasonic at
tenuation near the critical point of MnF2. Phys. 
Rev. 173, 542.

Pruitt, R. A., S. W. Marshall, and R. R. Goodman.
Acoustic backscattering from a wind-driven 
water surface. J. Marine Res. 27, 45.

Raich, J. C. and R. D. Etters. On the phase
transition in solid hydrogen. J. Phys. Chem. 
Soldis.

Raich, J. C. and R. D. Etters. Effect of the short- 
range order on the transition in solid hydro
gen. Nuovo Cimento 57B, 224.

She, C. Y. Symmetrical formulation of the quan
tum theory of three-wave optical parametric 
interactions. Phys. Rev. 176:Dec.., 461-467.

Theses
Bacon, Michael E. Laser produced plasmas.

Ph.D., 1969. Adviser: David F. Edwards. 
Beetner, Jack D. Optical constants of chromium 

films. M.S., 1969. Adviser: Lawrence N. Had
ley.

Binns, Walter R. Interactions of high energy 
muons. Ph.D., 1969. Co-advisers: Lawrence N. 
Hadley, Philip D. Kearney.

Casler, David H. The optical constants of thin 
gold films. M.S., 1969. Adviser: Lawrence N. 
Hadley.

Diederich, Douglas P. Frequency modulation of 
gamma rays. M.S., 1969. Adviser: Samuel W. 
Marshall.

Flax, Lawrence. Theory of solid hydrogen 
Ph.D., 1969. Adviser: John C. Raich.
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