We have entered a new and exciting era of scientific under-
standing that has taken concepts like genetic engineering and
biotechnology out of the realm of science fiction and into every-
day life. New applications of science will continue to have pro-
found effects. Thus, graduates with training in any of the
biological, mathematical, or physical sciences offered in the
College of Natural Science are finding new employment oppor-
tunities with industries on the cutting edge of high technology,
as well as in teaching, communications, professional and envi-
ronmental fields, and many other areas.

The mission of the College of Natural Science closely paral-
lels the mission of the University itself: a three—fold commit-
ment to research, education, and service. The College of
Natural Science is one of the largest colleges within the Uni-
versity, overseeing academic programs in the departments of
Biochemistry and Molecular Biology, Botany and Plant Pa-
thology, Chemistry, Entomology, Geological Sciences, Mathe-
matics, Microbiology and Molecular Genetics, Physics and
Astronomy, Physiology, Statistics and Probability, and Zool-
ogy. It also administers the Medical Technology Program; Ly-
man Briggs School, a residential option for undergraduate
science majors; and the W. K. Kellogg Biological Station, a
world—class biological research center. All departments
within the College offer both undergraduate and graduate stu-
dents experience conducting research in laboratories. Stu-
dents in the College of Natural Science have access to a range
of research and laboratory facilities on campus, in addition to
unique research opportunities in facilities like the MSU/DOE
Plant Research Laboratory, the National Superconducting
Cyclotron Laboratory, the Center for Integrated Plant
Systems, and the W. K. Kellogg Biological Station. A special
on—site research and science teaching program for both under-
graduate and graduate students is offered at the Station dur-
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ing the summer session. Graduate students may also choose to
enter one of the College's interdisciplinary research programs
in Genetics; Cell and Molecular Biology; Neuroscience; or
Ecology, Evolutionary Biology and Behavior; or in the Center
for Fundamental Materials Research; or the Center for Sensor
Materials.

Promoting science literacy—opening up the world of science
to our youth—is the key to comprehending the total impact of
new scientific developments in our lives. Already our environ-
ment is threatened by such things as insecticides, food addi-
tives, and toxic wastes. Our future leaders must have an
appreciation of the sciences in order to make informed deci-
sions regarding the preservation of our environment. To that
end, the College of Natural Science offers credit courses in
communities throughout Michigan in cooperation with Uni-
versity Outreach programs.

UNDERGRADUATE PROGRAMS

Undergraduate students in the College of Natural Science
may opt for either a Bachelor of Science or a Bachelor of Arts
degree program.

The College offers programs of study culminating in a
bachelor's degree with either a departmental or an interde-
partmental major. All programs are liberal in character and
involve a specified minimum of nonscience credits in addition
to those needed to meet integrative studies requirements.
Electives in both major and nonmajor areas make it possible
to mold a program of interest and challenge for each student.

The departmental major features study in a single disci-
pline and is generally considered the proper choice for concen-
trated study in a limited area. A departmental major consists



of not fewer than 27 nor more than 79 credits in courses recog-
nized by the College as applicable to the major. Specific major
requirements are given in the sections that follow. Depart-
mental majors are available through Lyman Briggs School as
coordinate majors.

The interdepartmental major features study in several dis-
ciplines with no single discipline being dominant and is gener-
ally considered the proper choice if breadth of background in
several fields of the natural sciences is desired. The College of-
fers interdepartmental majors: biological science—
interdepartmental, earth science—interdepartmental, human
biology, and physical science. An additional interdepartmen-
tal major in general science is available only to students who
have been accepted in elementary education. The interdepart-
mental major consists of a minimum of 45 credits (biological
science) or 36 credits (earth science and physical science) and
not more than 67 credits in courses recognized by the College
as applicable toward the major. Interdepartmental majors are
available through Lyman Briggs School as coordinate majors.
Interdisciplinary fields of concentration are also available
through Lyman Briggs School.

Major Preference Students

Students who meet the general requirements for admission to
the University shown in the Undergraduate Education section
of this catalog and who are not enrolled in Lyman Briggs
School are enrolled in the Undergraduate University Division
but may declare a major preference in the College of Natural
Science and be assigned an academic adviser in this College.
All programs in the biological sciences, physical sciences, and
mathematics presume a minimum of two and one-half en-
trance units in mathematics (one and one—half units of alge-
bra and one unit of geometry).

Admission as a Freshman to Lyman Briggs School

Any student who meets the general requirements for admis-
sion to the University as shown in the Undergraduate Educa-
tion section of this catalog may enroll in Lyman Briggs School,
pending available space. Of the sixteen units of high school
work required, a minimum of three units should be in mathe-
matics and two units should be in the natural sciences.

Admission as a Junior to the College of Natural Science

1. Completion of at least 56 credits acceptable to the College
with an academic record which at least meets the require-
ments of Academic Standing of Undergraduate Students.

2. Acceptance as a major in one of the academic programs of
the College.

Graduation Requirements

1. The University requirements for bachelor's degrees as de-
scribed in the Undergraduate Education section of this
catalog.

Students who are enrolled in majors leading to Bache-
lor of Science and Bachelor of Arts degrees in the College
of Natural Science may complete an alternative track to
Integrative Studies in Biological and Physical Sciences
that consists of:

a. One course in Botany and Plant Pathology, Biological
Science, Entomology, Microbiology, Physiology, or
Zoology.

Chemistry 141 or 151 or 181H.

c. Two credits of laboratory experience in biological or

physical science.

NATURAL SCIENCE
Undergraduate Programs

Credits earned in courses in the alternative track
may also be counted toward College and major re-
quirements for Bachelor of Science and Bachelor of
Arts degrees.

The requirements of the College of Natural Science for the

Bachelor of Science and Bachelor of Arts degrees that are

listed below:

a. Therequirements for either a departmental major or
an interdepartmental major of 27 to 79 credits. For
specific requirements, see the sections that follow.

b. A minimum grade—point average of 2.00 in courses in
the student's major; i.e., in all courses that are re-
quired for the major and that are not counted toward
College and University requirements.

c. The following credit distribution requirements:

(1) A minimum of 30 credits in courses numbered
300 and above.

(2) A maximum of 67 credits in courses offered in a
single curriculum division of the College; i.e.,
Biological Science or Mathematical Science or
Physical Science.

d. Only credits in courses graded on the numerical or
Pass—No Grade system may be counted toward Col-
lege and major requirements for Bachelor of Science
and Bachelor of Arts degrees in the College of Natu-
ral Science. College of Natural Science students may
not enroll in courses that are to be counted toward
College and major requirements, including courses in
other colleges, on a Credit—No Credit basis.

The requirements of the College of Natural Science for ei-

ther the Bachelor of Science degree or the Bachelor of Arts

degree that are listed below:

a. Requirements for the Bachelor of Science degree:

(1) One semester of calculus.

(2) A second semester of calculus or one semester of
statistics and probability.

(38) Two semesters of chemistry including at least
one laboratory experience.

(4) Two semesters of physics.

(5) One semester of biological science.

(6) For students who are admitted to Michigan
State University as new freshmen and new
transfer students beginning Fall 1993 there is no
foreign language or alternative requirement.
For students who were admitted as new fresh-
men and new transfer students prior to Fall
1993 only:

First year competency in a foreign language.
or

Eight credits in courses offered by the Col-
lege of Natural Science outside the major
area in addition to the credits that count to-
ward requirements 3.a.(1) through (5)
above. For students majoring in the biologi-
cal sciences, the credits must be in the
mathematical and physical sciences. For
students majoring in the mathematical or
physical sciences, the credits must be in the
biological sciences.

or

A minimum of 8 credits in courses in the arts
and humanities or the social, behavioral,
and economic sciences beyond the credits
that are counted toward the University's In-
tegrative Studies requirement. At least one
course in logic at the 300 or 400 level or one
course in the philosophy of science must be
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included. At least 4 of the 8 credits must be

in courses offered by a single department.

or

For students who have been admitted to the

teacher certification program, a minimum of

8 credits in Professional Education Courses.
b. Requirements for the Bachelor of Arts degree:

(1) One semester of calculus.

(2) A second semester of calculus or one semester of
statistics and probability.

(3) One semester each of biological science, chemis-
try, and physics including at least one laboratory
experience.

(4) Six credits in courses in the arts and humanities
or the social, behavioral, and economic sciences
beyond the credits that are counted toward the
University's Integrative Studies requirement.

(5) For students who are admitted to Michigan State
University as new freshmen and new transfer stu-
dents beginning Fall 1993 there is no foreign lan-
guage or alternative requirement. For students
who were admitted as new freshmen and new
transfer students prior to Fall 1993 only:

Second year competency in a foreign lan-
guage.

or

First year competency in a foreign language
plus a minimum of 6 credits in one of the fol-
lowing fields other than the student's major
field: philosophy or mathematical sciences
or biological sciences or physical sciences.
or

For students who have been admitted to the
teacher certification program, first year
competency in a foreign language plus a
minimum of 6 credits in Professional Educa-
tion Courses.

Many major programs which lead to a Bachelor of Science
degree require a proficiency greater than the College estab-
lished minimum in one, or more, of the following fields: chem-
istry, physics, and mathematics. Also, for either the Bachelor
of Arts or the Bachelor of Science degree, when two or more op-
tions exist for the fulfillment of any College— established re-
quirement, one of the options may be specified as a major
requirement. The specific requirements for each major pro-
gram are given in the sections that follow.

Chemistry and mathematics requirements should be com-
pleted to the fullest extent possible during the freshman and
sophomore years. Bachelor of Science candidates with a major
in a physical science should complete the physics requirement
during the sophomore year. Students with a major in a biologi-
cal science may postpone completion of the physics require-
ment until the junior year, but should complete Biological
Science 110, 111 by the end of the sophomore year. The biology
courses should be completed during the freshman year be-
cause they are prerequisites to most of the courses offered by
the departments in the biological sciences. All students
should complete the University's Tier I writing requirement
during the freshman year.

Honors Study

The College of Natural Science encourages honors students to
develop distinctive undergraduate programs in their chosen
fields. All qualified students in the College, including Lyman
Briggs School students, may also be members of the Honors
College. A member of the faculty is selected to serve as adviser
to Honors College students in each major field, and it is the ad-
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viser's responsibility to help the student plan a rigorous and
balanced program which will also reflect the student's special
interests and competencies.

The departments of the College annually offer numerous
honors opportunities at both introductory and advanced lev-
els. At the introductory level these consist chiefly of regularly
offered honors courses. Honors options are also available in
many other courses. At the advanced level honors students
are encouraged to undertake faculty—guided independent re-
search in their fields of specialization. These honors experi-
ences are provided mainly, but not exclusively, for Honors
College students. In addition, honors undergraduates are en-
couraged, when appropriate, to undertake work at the gradu-
ate level.

In addition to the disciplinary honors courses, the College
offers an honors course intended primarily for non—science
majors. Students may reenroll in this course, which is con-
ducted as a seminar and involves topics at the forefront of cur-
rent scientific interest.

Charles Drew Science Enrichment Laboratory

The Charles Drew Science Enrichment Laboratory was cre-
ated to help students from minority and other groups cur-
rently underrepresented in the sciences to achieve the best
preparation for science education possible.

This underrepresentation is due, in part, to the lack of infor-
mation available to minorities and others about career oppor-
tunities in the sciences and, in part, to inadequate high school
preparation in mathematics and science. In addition, the tran-
sition from high school to college may be particularly difficult
for such students.

The purpose of this program is to help interested and moti-
vated students to develop the necessary science background
by presenting science and mathematics in ways that are
stimulating and exciting. Students are encouraged to contact
the College of Natural Science for additional information
about this program.

Preprofessional Programs

All professional colleges have established minimum require-
ments in selected areas of knowledge for admission (hereafter
referred to as admission requirements). Although fulfilling
these requirements does not in itself guarantee admission,
their fulfillment is a necessary first step for those who aspire
to enter a professional college.

At Michigan State University students may select pro-
grams of study which help to prepare them for enrollment in
professional colleges. Since the admission requirements of
various professional colleges vary, it is not feasible to estab-
lish a single program that satisfies the admission require-
ments of all colleges in a given profession. However, in the
fields of dentistry, allopathic and osteopathic medicine, podia-
try, and optometry, the College of Natural Science does have
suggested programs of study. These programs satisfy the
minimum admission requirements of most professional col-
leges. It is the student's responsibility to determine whether
or not the proposed program meets the minimum admission
requirements of a particular professional college.

There are a number of programs of study which may be com-
pleted in the normal four years and which provide both the
academic preparation for admission to a professional school
and fulfill the requirements for a bachelor's degree. The pre-
professional programs as outlined do not in themselves lead to
a bachelor's degree.



PREDENTAL PROGRAM:

Students who meet the requirements for admission to the Uni-
versity as freshmen and sophomores, as shown in the Under-
graduate Education section of this catalog, may select the
predental program in the College of Natural Science as their
major preference. Students who are enrolled in the predental
program are enrolled in the Undergraduate University Divi-
sion, but receive academic advising through the College.

University regulations require that a student who has ar-
rived at junior standing must select a major leading to a bacca-
laureate degree. The College of Natural Science does not offer
a bachelor's degree program for predental students. There-
fore, upon reaching junior standing, students who have been
enrolled in the predental program must be admitted to a major
in either the College of Natural Science or in another college in
order to complete the requirements for a bachelor's degree, re-
gardless of whether they have completed the requirements for
the predental program.

Requirements for the Predental Program
CREDITS

1. A total of 60 credits in courses in the natural sciences, mathematics,

social sciences, humanities, and writing, including courses that are

used to satisfy the University requirements and the courses that

arelisted below:. . .. ... ... 60

a. All of the following courses (30 credits):
BS 110 Organisms and Populations
BS 111 CellsandMolecules........................
BS 111L Cell and Molecular Biology Laboratory ........ 2
CEM 141 General Chemistry ...........coueniinninn.
CEM 161 Chemistry Laboratory I.....................
CEM 251 Organic Chemistry T ... ... ... ... .......
CEM 252 Organic Chemistry II'............cooonn....
CEM 255 Organic Chemistry Laboratory.
PHY 231 Introductory PhysiesT......................
PHY 232 Introductory PhysiesIL.....................

PHY 251 Introductory Physics LaboratoryI............ 1
PHY 252 Introductory Physics Laboratory IT ........... 1
b. 3 additional credits in general chemistry selected from the fol-
lowing courses: Chemistry 142, 152, and 162.
c. 3 credits in a biological science course in addition to Biological

Science 110, 111, and 111L.

2. Students who are enrolled in the predental program should complete the Univer-
sity requirements for bachelor's degrees as described in the Undergraduate Edu-
cation section of this catalog.

Students who are enrolled in the Predental Program in the College of Natural
Science may complete an alternative track to Integrative Studies in Biological and
Physical Sciences that consists of the following courses: Biological Science 110,
111, and 111L and Chemistry 141. The completion of Biological Science 110 and
111L satisfies the laboratory requirement. Biological Science 110, 111, and 111L
and Chemistry 141 may be counted toward both the alternative track and the re-
quirements for the predental program referenced in item 1. a. above.

A Tier I writing course is included in the University requirements. Students who
are enrolled in the predental program are required to meet the Tier IT writing re-
quirement approved for the student's major leading to the bachelor's degree.

' Some dental colleges do not require Chemistry 252.

PREMEDICAL (including Pre—Osteopathy and
Pre—Podiatry) PROGRAM:

Students who meet the requirements for admission to the Uni-
versity as freshmen and sophomores, as shown in the Under-
graduate Education section of the catalog, may select the
premedical program in the College of Natural Science as their
major preference. Students who are enrolled in the premedi-
cal program are enrolled in the Undergraduate University Di-
vision, but receive academic advising through the College.
University regulations require that a student who has ar-
rived at junior standing must select a major leading to a bacca-
laureate degree. The College of Natural Science does not offer
a bachelor's degree program for premedical students. There-
fore, upon reaching junior standing, students who have been
enrolled in the premedical program must be admitted to a ma-
jor in either the College of Natural Science or in another col-
lege in order to complete the requirements for a bachelor's
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degree, regardless of whether they have completed the re-
quirements for the premedical program.

Requirements for the Premedical (including Pre—Osteopathy
and Pre—Podiatry) Program

CREDITS
1. A total of 90 credits in courses in the natural sciences, mathematics,

social sciences, humanities, and writing, including courses that are

used to satisfy the University requirements and the courses that

arelisted below:. . .. ... .. 90

a. All of the following courses (30 credits):
BS 110 Organisms and Populations . . .
BS 111 Cellsand Molecules. ... ....................
BS 111L Cell and Molecular Biology Laboratory
CEM 141 General Chemistry ..........oiueniinninn.
CEM 161 Chemistry Laboratory I.....................
CEM 251 Organic Chemistry T .......................
CEM 252 Organic Chemistry Il ......................
CEM 255 Organic Chemistry Laboratory...............
PHY 231 Introductory PhysiesT......................
PHY 232 Introductory PhysicsII.....................
PHY 251 Introductory Physics LaboratoryI............
PHY 252 Introductory Physics Laboratory IT ...........

b. 3 additional credits in general chemistry selected from the fol-
lowing courses: Chemistry 142, 152, and 162.

c. One 300-400 level course in biology with laboratory (3 credits)
and another course in biology (3 credits).

d. One additional course in biology, chemistry, or physics (3 cred-
its).

NOTE: Higher level equivalent biological science, chemistry,
and physics course sequences may be substituted for
the sequences listed above. Courses in biochemistry
and genetics are highly recommended.

2. Students who are enrolled in the premedical program should complete the Univer-
sity requirements for bachelor's degrees as described in the Undergraduate Edu-
cation section of this catalog.

Students who are enrolled in the Premedical (including Pre—Osteopathy and
Pre—Podiatry) Program in the College of Natural Science may complete an alter-
native track to Integrative Studies in Biological and Physical Sciences that con-
sists of the following courses: Biological Science 110, 111, and 111L and
Chemistry 141. The completion of Biological Science 110 and 111L satisfies the
laboratory requirement. Biological Science 110,111, and 111L and Chemistry 141
may be counted toward both the alternative track and the requirements for the
premedical program referenced in item 1. a. above.

A Tier I writing course is included in the University requirements. Students
who are enrolled in the premedical program are required to meet the Tier II writ-
ing requirement approved for the student's major leading to the bachelor's degree.

PREOPTOMETRY PROGRAM:

Students who meet the requirements for admission to the Uni-
versity as freshmen and sophomores, as shown in the Under-
graduate Education section of this catalog, may select the
preoptometry program in the College of Natural Science as
their major preference. Students who are enrolled in the pre-
optometry program are enrolled in the Undergraduate Uni-
versity Division, but receive academic advising through the
College.

University regulations require that a student who has ar-
rived at junior standing must select a major leading to a bacca-
laureate degree. The College of Natural Science does not offer
a bachelor's degree program for preoptometry students.
Therefore, upon reaching junior standing, students who have
been enrolled in the preoptometry program must be admitted
to a major in either the College of Natural Science or in an-
other college in order to complete the requirements for a
bachelor's degree, regardless of whether they have completed
the requirements for the preoptometry program.

Requirements for the Preoptometry Program

1. Specific courses are not listed since admission requirements of the colleges of op-
tometry vary greatly and can be met in several ways. The common pattern of ad-
mission requirements is a total of 90 semester credits of which 6 to 8 credits are
elected from each of the following areas: English, physics, mathematics, biological
science, chemistry, psychology, and social science. Courses that are used to satisfy
University, college, and major requirements may be counted toward the admis-
sion requirements of colleges of optometry.
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2. Students who are enrolled in the preoptometry program should complete the Uni-
versity requirements for bachelor's degrees as described in the Undergraduate
Education section of this catalog.

ATier I writing course is included in the University requirements. Students who
are enrolled in the preoptometry program are required to meet the Tier IT writing
requirement approved for the student's major leading to the bachelor's degree.

TEACHER CERTIFICATION OPTIONS

The following disciplinary majors leading to bachelor's de-
grees in the College of Natural Science are available for
teacher certification: biological science—interdepartmental,
chemistry, earth science—interdepartmental, general
science—interdepartmental, mathematics, physical science—
interdepartmental, and physics.

The following disciplinary minors in the College of Natural
Science are also available for teacher certification: biological
science, chemistry, earth science, mathematics, and physics.

Students who elect the biological science—interdepartmen-
tal, general science—interdepartmental, or the physical
science—interdepartmental disciplinary major, or the biologi-
cal science disciplinary minor, must contact the Division of
Science Education of the College of Natural Science.

Students who elect a chemistry disciplinary major or the
chemistry disciplinary minor must contact the Department of
Chemistry.

Students who elect the earth science—interdepartmental
disciplinary major or the earth science disciplinary minor
must contact the Department of Geological Sciences.

Students who elect a mathematics disciplinary major or the
mathematics disciplinary minor must contact the Department
of Mathematics.

Students who elect a physics disciplinary major or the phys-
ics disciplinary minor must contact the Department of Physics
and Astronomy.

For additional information, refer to the statements on the
disciplinary majors referenced above and to the statement on
TEACHER CERTIFICATION in the Department of Teacher
Education section of this catalog.

College of Natural Science Dual Degree Program:
Bachelor of Science and Master of Science

The dual degree program provides an opportunity for aca-
demically talented undergraduate students who are enrolled
in Bachelor of Science degree programs in the College of Natu-
ral Science to enroll in graduate courses and conduct research
toward the Master of Science degree while completing the last
two years of their bachelor's degree programs.

All of the Bachelor of Science and Master of Science degree
programs in the College of Natural Science are available for
inclusion in the dual degree program. Although most of the
Bachelor of Science and Master of Science degree programs
are administered by departments and schools within the Col-
lege, a few such programs are administered by the College.
During the second semester of the sophomore year, the stu-
dent should contact the unit or units that administer the
Bachelor of Science and Master of Science degree programs
that the student plans to pursue while enrolled in the dual de-
gree program and apply for admission to those programs.

A student who is accepted into the dual degree program can
be admitted to both the Bachelor of Science degree program
and the Master of Science degree program as early as the be-
ginning of the junior year. Upon completion of the require-
ments for both the Bachelor of Science degree and the Master
of Science degree, both degrees are awarded simultaneously.
The Master of Science degree will not be awarded until the stu-

dent has completed the requirements for the Bachelor of

Science degree.

To be admitted to the dual degree program, an applicant
must:

1. Have a grade—point average of 3.00 or higher in all under-
graduate course work.

2. Have a grade—point average of 3.00 or higher in all
courses in the College of Natural Science.

3. Be accepted for admission by the graduate admissions
committee of the College or department or school.

Departments and schools may specify additional require-
ments for admission to the dual degree program. The student
should contact the appropriate department or school for addi-
tional information.

Within the first semester of enrollment in the dual degree
program, the student's master's adviser must be identified
and the student's master's guidance committee must be estab-
lished. The adviser and the committee assist the student in
developing a program of study for the Master of Science de-
gree.

The student's program of study must be approved by the
committee.

A student who is admitted to the dual degree program must:
1. Satisfy all of the requirements for the Bachelor of Science

degree program to which the student was admaitted.

Although a minimum of 120 credits is required for the
Bachelor of Science degree, more than 120 credits may be
required for a given degree program.

2. Satisfy all of the requirements for the Master of Science
degree program to which the student was admitted after
being admitted to that program.

Although a minimum of 30 credits is required for the
Master of Science degree, more than 30 credits may be re-
quired for a given degree program.

The credits and courses that are used to satisfy the re-
quirements for the Bachelor of Science degree may not be
used to satisfy the requirements for the Master of Science
degree.

Departments and schools may specify additional require-
ments for the dual degree program. The student should con-
tact the appropriate department or school for additional
information.

GRADUATE STUDY

The graduate programs of the College of Natural Science pro-
vide for advanced study with emphasis either in a single disci-
pline or in the multidisciplinary areas of the biological
sciences and the physical sciences. The graduate programs
are designed to develop independent effort, encourage crea-
tive thinking, and educate the student in the fundamentals of
basic research.

The programs of study lead to one of the following degrees:
Master of Arts, Master of Science, Master of Arts for Teachers,
and Doctor of Philosophy. The specific degrees available and
the programs leading to them for each discipline are given in
the departmental or program listing.

Each student's program of study is arranged to suit individ-
ual needs, the only restriction being that the final program
must conform to one of the general patterns approved by the
faculty. The general University requirements for these de-
grees are given in the Graduate Education section of this cata-
log. A department or college may specify additional
requirements. Most of the departments in the College require
participation in teaching during the course of the graduate
program.



Master of Arts for Teachers

The Master of Arts for Teachers degree is designed to provide
an enriching educational experience for teachers who are in-
terested in a program of graduate study with less specializa-
tion in a science area than is common in most master's degree
programs. The degree is for teachers who wish to take gradu-
ate work in a subject—-matter area but who do not anticipate
continuation of graduate study beyond the master's level.
However, the student who holds the Master of Arts for Teach-
ers degree may, upon the satisfactory completion of additional
work as recommended by the appropriate academic unit, be-
come eligible for admission to a doctoral program.

The degree may be earned with a major in chemistry, gen-
eral science, geological sciences, or mathematics.

In addition to meeting the requirements of the University as
described in the Graduate Education section of this catalog,
students must meet the requirements specified below.

Admission

An applicant for admission to the Master of Arts for Teachers
program must be a senior in or a graduate of an institution
having substantially the same requirements for the bachelor's
degree as Michigan State University, and possess, or be a can-
didate for, a teacher's certificate. Admission is recommended
by the director of the program in which admission is sought,
with approval of the Dean of the College of Natural Science.

Requirements for the Master of Arts for Teachers Degree

An appropriate course of study is planned with the candidate
by an adviser from the academic unit in the College of Natural
Science to which the candidate has been admitted. The mini-
mum number of credits required for the degree is 30, in addi-
tion to any credits which must be taken to complete
requirements for provisional teacher certification. A compre-
hensive written or oral examination may be required. A thesis
is usually not required, but should one be required, a maxi-
mum of 10 semester credits may be allotted for it. The student
must complete the requirements for provisional teacher certi-
fication before the degree may be granted.

Academic Standards

The minimum standard is a 3.00 grade—point average. Stan-
dards may be set higher than the minimum by the academic
unit responsible for the degree program. The accumulation of
grades below 3.0 in more than three courses of 3 or more cred-
its each, or deferreds in more than three courses of 3 or more
credits each at any given time, or a combination of the above in
excess of four courses may remove the student from candidacy
for the degree. A student who fails to meet the academic stan-
dards for any program may, on recommendation of the direc-
tor, be required by the dean to withdraw at the end of the
semester.

Residence

The minimum residence requirement is 8 credits on campus.
Some programs may require more.

Time Limit
The time limit for the completion of the Master of Arts for

Teachers degree is six years from the beginning of the first se-
mester in which credit was earned toward the degree.
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Master of Science and Master of Arts

The Master of Science is the conventional degree for all majors
in the College of Natural Science. The Master of Arts may be
conferred upon student request and College approval in the
Department of Statistics and Probability.

In addition to meeting the requirements of the University as
described in the Graduate Education section of this catalog,
students must meet the requirements specified below.

Admission

Admission to provisional status may be used to indicate in-
complete records, incomplete interpretation of available rec-
ords, a grade—point average below 3.00 but with other
evidence of good capacity, or minor deficiencies in subject mat-
ter.

Students may be transferred from one classification to an-
other at any time by the dean, normally upon the recommen-
dation of the department.

The College as a whole does not require an entrance exami-
nation. However, all departments expect students to provide
Graduate Record Examination General Test scores.

Requirements for the Master of Science
or Master of Arts Degree

For Plan A, a maximum of 10 credits of master's thesis re-
search may be permitted. An exception is chemistry in which
up to 15 credits of thesis research are allowed under Plan A.

Academic Standards

The minimum standard is a 3.00 grade—point average. Stan-
dards may be set higher than the minimum by the academic
unit responsible for the degree program. The accumulation of
grades below 3.0 in more than three courses of 3 or more cred-
its each, or deferreds in more than three courses of 3 or more
credits each at any given time, or a combination of the above in
excess of four courses automatically removes the student from
candidacy for the degree. A student who fails to meet the aca-
demic standards for any program may, on recommendation of
the director, be required by the dean to withdraw at the end of
any semester.

Residence

The minimum residence requirement is 8 credits on campus.
A program may require more.

Time Limit
The time limit for completion of the master's degree is six

years from the beginning of the first semester in which credit
was earned toward the degree.

Doctor of Philosophy

The Doctor of Philosophy degree is awarded for an original
contribution to scientific knowledge and high attainment of
scholarship in the mathematical or natural sciences. This de-
gree, with its emphasis on research in the frontiers of science,
is the traditional terminal degree in the College of Natural
Science.

In addition to meeting the requirements of the University as
described in the Graduate Education section of this catalog,
students must meet the requirements specified below.
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Admission

Admission may be granted to a student who has a record of
high scholastic attainment and demonstrated research poten-
tial acceptable to the department or program and to the Col-
lege. A master's degree in an appropriate subject—matter field
may be required, but the completion of a master's degree is not
a guarantee of admission. Most programs require the appli-
cant to submit Graduate Record Examination General Test
scores; many also require the Graduate Record Examination
Subject Test in the area of specialization.

Admission to provisional status may be used to indicate in-
complete records, incomplete interpretation of available rec-
ords, grade—point average below 3.00 but with additional
evidence of good capacity, or minor deficiencies in subject mat-
ter.

Students may be transferred from one classification to an-
other at any time by the dean, normally upon the recommen-
dation of the department.

Academic Standards

The minimum standard is a 3.00 grade—point average. Stan-
dards may be set higher than the minimum by the academic
unit responsible for the degree program. The accumulation of
grades below 3.0 in more than three courses of 3 or more cred-
its each, or deferreds in more than three courses of 3 or more
credits each at any given time, or a combination of the above in
excess of four courses automatically removes the student from
candidacy for the degree.

A student who fails to meet the academic standards for any
program may, on recommendation of the director, be required
by the dean to withdraw at the end of any semester.

Residence

In some programs a student may be permitted to enter the doc-
toral program without taking a master's degree. In such cases
30 semester credits of approved work are considered the
equivalent of the master's degree, and the minimum residence
requirement for the combined program is three semesters, in-
volving at least 4 credits of graduate work each semester.

CENTER for INTEGRATIVE
STUDIES in
GENERAL SCIENCE

Michigan State University has implemented a new integra-
tive studies program that was recommended by the Council to
Review Undergraduate Education. Centers for integrative
studies in the colleges of Arts and Letters, Natural Science,
and Social Science serve as focal points of convergence and
community for the Knowledge and Emphasis Areas.

The three Knowledge Areas are Arts and Humanities; Bio-
logical and Physical Sciences; and Social, Economic, and Be-
havioral Sciences. The four Emphasis Areas are International
and Multicultural Experiences and National Diversity, His-
torical Consciousness, Values and Ethical Judgment, and
Modes of Inquiry and Critical Analysis.

The Center for Integrative Studies in General Science in the
College of Natural Science will have primary responsibility for
developing and administering courses in the Knowledge Area
of Physical and Biological Sciences. The Center cooperates

with the Office of Integrative Studies in the development of
transcollegiate courses.

INTERDEPARTMENTAL
DEGREE PROGRAMS

The College of Natural Science offers interdepartmental de-
gree programs in biological science—interdepartmental; cell
and molecular biology; earth science—interdepartmental; ecol-
ogy, evolutionary biology and behavior; general science; ge-
netics; genetics—environmental toxicology; human biology;
neuroscience; and physical science—interdepartmental.
These programs are designed to serve students who wish to
develop a broad background in the natural sciences. Students
who desire academic preparation in the natural sciences with
emphasis in a single discipline should enroll in a departmen-
tal major. The interdepartmental programs are not intended
for this purpose.

BIOLOGICAL SCIENCE—
INTERDEPARTMENTAL

UNDERGRADUATE PROGRAM

The biological science—interdepartmental major, which leads
to the Bachelor of Science degree, is designed for persons who
want a broad background in fields that comprise biological sci-
ences and who want to understand the interrelationships
among such fields. This major is designed primarily for per-
sons who plan to teach biological sciences in elementary, mid-
dle, and secondary schools.

Requirements for the Bachelor of Science Degree
in Biological Science-Interdepartmental

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Biological Science—-
Interdepartmental.

The University's Tier IT writing requirement for the Biological Sciences—Inter-
departmental major is met by completing NSC 401. That course is referenced in
item 3.a. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. All of the following courses: ...............ccivvinin. ... 38
BS 110 Organisms and Populations ................. 4
BS 111 CellsandMolecules. ...........coovivinn... 3
BS 111L Cell and Molecular Biology Laboratory ........ 2
CEM 251 Organic Chemistry I ....................... 3
CEM 252 Organic Chemistry II ...................... 3
CEM 255 Organic Chemistry Laboratory............... 2
CEM 262 Quantitative Analysis...................... 2
NSC 401 Science Laboratories for Secondary Schools (W) . 4
PSL 250 Introductory Physiology .................... 4
ZOL 341 Fundamental Genetics .................c.... 4
ZOL 3855 Ecology.....couirninii i 3
ZOL  355L Ecology Laboratory ....................... 1
ZOL 445 Evolution ...............coiiiiiiin... 3
b. One of the following groups of courses: ................... 9to 12
(1) CEM 141 General Chemistry .................... 4
CEM 142 General and Inorganic Chemistry ........ 3



CEM 161 Chemistry Laboratory I................. 1
CEM 162 Chemistry Laboratory IT................ 1
(2) CEM 151 General and Descriptive Chemistry ...... 4
CEM 152 Principles of Chemistry................. 3
CEM 161 Chemistry Laboratory I................. 1
CEM 162 Chemistry Laboratory IT................ 1
(8) CEM 181H Honors Chemistry I.....
CEM 182H Honors Chemistry IT
CEM 185H Honors Chemistry Laboratory I.......... 2
CEM 186H Honors Chemistry Laboratory IT ......... 2
c. One of the following pairsof courses:. .................... 6or7
(1) MTH 182 Caleulus I .. .oovneeeeeennnnns 3
MTH 133 CalculusII...... ..., 4
(2) MTH 1382 CaleulusT............ ... ... 3
STT 201 Statistical Methods .................... 4

(83) MTH 124 Survey of Calculus with ApplicationsI ....3
MTH 126 Survey of Calculus with Applications IT. ... 3

(4) MTH 124 Survey of Calculus with Applications I ....3
STT 201 Statistical Methods .................... 4
(5) MTH 152H Honors Calculus T ..................... 3
MTH 153H Honors Calculus IL. .. .................. 3
d. One of the following pairsof courses:. .................... 6or8

(1) PHY 183 Physics for Scientists and EngineersI.. ... 4
PHY 184 Physics for Scientists and Engineers IT . ... 4
(2) PHY 193H Honors Physics I-Mechanics. . ........... 3
PHY 294H Honors Physics [I-Electromagnetism . .. .. 3
(8) PHY 231 Introductory PhysicsI.................. 3
PHY 232 Introductory Physics 1T 3

e. One of the following pairsof courses:. .................... 2
(1) PHY 191 Physics Laboratory for Scientists, I....... 1
PHY 192 Physics Laboratory for Scientists, 1T ... ... 1
(2) PHY 251 Introductory Physics Laboratory I........ 1
PHY 252 Introductory Physics Laboratory IT ....... 1
f. Two of the following courses: .......... ... ..., 8
BCH 401 Basic Biochemistry ..., 4
ZOL 350 Histology . ...vvvviniiieie i 4
ZOL 482 Cytochemistry ..............ccociiinnenon.. 4
g. One of the following courses: ............. ... .......... 3or4
BOT 301 Introductory Plant Physiology ............... 3
BOT 405 Introductory Plant Pathology................ 4
BOT 418 Plant Systematics ... ......vvtieriennnn. . 3
BOT 434 Plant Structure and Function. ............... 4

TEACHER CERTIFICATION OPTIONS

The biological science—interdepartmental disciplinary major
leading to the Bachelor of Science degree is available for
teacher certification. Students who complete the require-
ments for this disciplinary major and the requirements for
teacher certification choose whether they wish to be recom-
mended for certification in biological science or general sci-
ence.

A biological science disciplinary minor is also available for
teacher certification.

Students who elect the biological science—
interdepartmental disciplinary major or the biological science
disciplinary minor must contact the College of Natural Sci-
ence.

For additional information, refer to the statement on
TEACHER CERTIFICATION in the Department of Teacher
Education section of this catalog.

GRADUATE STUDY

Master of Science

The Master of Science degree program with a major in Biologi-
cal Science—Interdepartmental is designed for science teach-
ers who wish to pursue graduate study in the biological
sciences. To meet the needs of practicing teachers, the courses
that are required for the program are offered in the summer
and on weekends. A doctoral program is not offered in general
biology.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

NATURAL SCIENCE
Interdepartmental Degree Programs

Admission

Requirements for admission to the master's degree program
in biological science—interdepartmental include a bachelor's
degree in biology, teacher certification for grades 7-12, at
least 3 years of teaching experience, and current employment
as a teacher of biology or related disciplines at the middle or
secondary school level.

Requirements for the Master of Science Degree
in Biological Science—Interdepartmental

The program is available under either Plan A (with thesis) or
Plan B (without thesis). For a student under Plan A, a thesis
committee that consists of the student’s faculty adviser, the
student’s problem director, and one other faculty member
must approve the student’s program of study.

The student must complete at least 30 credits distributed as
follows:

CREDITS
Requlrements for Both Plan A and Plan B

All of the following courses (18 credits):
NSC 850 Cell and Molecular Biology .. .................... 2
NSC 851 Cell and Molecular Biology Laboratory ............ 3
NSC 852 Interdisciplinary Seminar in Biological Science . . . .. 1
NSC 855 Environmental and Behavioral Biology............ 3
NSC 856 Environmental and Behavioral Biology Laboratory . . 3
NSC 901 Frontiers in Biological Science . . ................. 6

2. Two additional credits in courses approved by the student's graduate committee.
Additional Requirements for Plan A

1. NSC 899 Master’s Thesis Research'....................... 10
Additional Requirements for Plan B
Research for Inservice Teachers® .. ............... 10

1. NSC 899
1 .. . . .
Research for the thesis involves developing laboratories and demonstrations as part of a
new teaching unit and teaching that unit.

Research for inservice teachers requires a curriculum based project and implementation
report.

CELL AND MOLECULAR BIOLOGY

GRADUATE STUDY

Doctor of Philosophy

The interdepartmental Doctor of Philosophy degree program
with a major in cell and molecular biology is administered by
the College of Natural Science. Students may elect to com-
plete the requirements for a second major, in addition to the
requirements for the Doctor of Philosophy degree in cell and
molecular biology.

The educational objectives of the program are to provide
doctoral students with fundamental knowledge and research
skills so that they may become independent and self—
educating scholars.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

To be considered for admission to the Doctor of Philosophy de-

gree program with a major in cell and molecular biology, an

applicant must have taken the Graduate Record Examination

General Test.

Tobe admitted to the doctoral program in cell and molecular

biology, it is recommended that an applicant have:

1. Completed a Bachelor of Science or Bachelor of Arts de-
gree with a minimum grade—point average of 3.00.

2. A broad background in biology, including courses in bio-
chemistry, genetics, cell biology, and molecular biology.
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3. Completed at least one year of study in each of the follow-
ing fields: physics, inorganic chemistry, organic chemis-
try, and mathematics through integral calculus.

4. A grade of 3.0 or above in each science and mathematics
course completed.

5. Acceptable scores on the Graduate Record Examination
General Test.

Applicants with deficiencies in academic preparation may
be admitted provisionally, in which case they will be required
to complete collateral courses.

Requirements for the Doctor of Philosophy Degree in Cell
and Molecular Biology

The student must:

1. Complete all of the following courses (15 credits):

BCH 801 Molecular Biology and Protein Structure........... 4
BCH 825 Cell Structure and Function. .................... 3
CMB 800 Cell and Molecular Biology Seminar .............. 3
CMB 892 Research Forum.................cooiiiinninn.. 4
One graduate course in scientific ethics . ................ ... ... 1

2. Complete one of the following courses (3 credits):
MIC 833 Microbial Genetics............. .. . oo, 3
MIC 835 Eukaryotic Molecular Genetics. .. ................ 3
3. Complete a minimum of two additional graduate courses of at least 3
credits each that are related to the student's research.
4. Complete a 10—week research rotation in the laboratory of each of
three different members of the cell and molecular biology faculty
during the first year of enrollment in the program.
5. Pass the preliminary examination given at the end of the second year
of graduate study.
6. Successfully complete a minimum of two semesters as a teaching as-
sistant in a department represented on the cell and molecular biol-
ogy faculty. The student's teaching assignment must be approved by
the director of the doctoral program in cell and molecular biology.

For additional information, contact the director of the doc-
toral program in cell and molecular biology, 153 Giltner Hall,
Michigan State University, East Lansing, MI 48824.

EARTH SCIENCE—
INTERDEPARTMENTAL

UNDERGRADUATE PROGRAM

The Department of Geological Sciences administers the earth
science—interdepartmental major, which leads to the Bache-
lor of Science degree. The major is designed for persons who
want a broad background in geology, meteorology, oceanogra-
phy, and astronomy and who want to understand the interre-
lationships among these fields. It is designed primarily for
persons who plan to teach earth science in elementary, middle,
and secondary schools.

Requirements for the Bachelor of Science Degree
in Earth Science—Interdepartmental

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Earth Science—Interde-
partmental.

The University's Tier II writing requirement for the Earth Science—Interde-
partmental major is met by completing Geological Sciences 371 or 422. That course
is referenced in item 3. a. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS

a. All of the following courses: ............. ..., 24

AST 207 The Science of Astronomy . ..................
GEO 2038 Introduction to Meteorology .................
GLG 201 The Dynamic Earth........................
GLG 303 Oceanography .............c.covivunnann..
GLG 371 Plate Tectonics (W) ......... .. ...,
GLG 422 Organic Geochemistry (W) ..
MTH 132 CaleulusI....... ...,
With the approval of the student's academic adviser, Geologi-
cal Sciences 301 may be substituted for Geological Sciences

201.
b. One of the following courses: .. ..........oiiuiinnen. . 3or4
MTH 133 CalculusIT...... ..., 4
STT 200 Statistical Methods ........................ 3
STT 201 Statistical Methods ........................ 4
STT 231 Statistics for Scientists ..................... 3
STT 421 Statistics I ........ ..o, 3
c. One of the following groups of courses: ................... 8
(1) CEM 141 General Chemistry .................... 4
CEM 142 General and Inorganic Chemistry ........ 3
CEM 161 Chemistry Laboratory I................. 1
(2) CEM 151 General and Descriptive Chemistry. ... ... 4
CEM 152 Principles of Chemistry................. 3
CEM 161 Chemistry Laboratory I................. 1
d. One of the following groups of courses: ................... 8
(1) PHY 231 Introductory PhysiesT.................. 3
PHY 232 Introductory PhysiesIL................. 3
PHY 251 Introductory Physics Laboratory I........ 1
PHY 252 Introductory Physics Laboratory IT ....... 1
(2) PHY 183 Physics for Scientists and
EngineersI......................... 4
PHY 184 Physics for Scientists and
Engineers IT........................ 4
e. One course of at least 3 credits in biological science, botany and
plant pathology, entomology, microbiology, physiology, or zoology. 3
f. One of the following courses: ............ ... oevuon.... 3or4
GLG 202 Physical and Biological History of the Earth. ... 4
GLG 302 Geology of Michigan ....................... 3

GLG 321 Mineralogy and Geochemistry ...............
GLG 411 Hydrogeology .............. ... oo,
GLG 412 Glacial and Quaternary Geology
GLG 421 Environmental Geochemistry................

g. Three of the following courses, no more than two of which may be

9to 12
AST 202 Astrophysics and Astronomy IT .............. 4
AST 401 Stars.......oeeiinirnii i 3
BOT 335 Plants Through Time. . ..................... 3
CSS 455 Pollutants in the Soil Environment ... ........ 3
GEO 306 Environmental Geomorphology .............. 3
GEO 404 Symoptic Climatology....................... 4
GEO 407 Regional Geomorphology of the United States .. 3

GEO 424 Advanced Remote Sensing .................. 4
GLG 331 Vertebrate Life of thePast .................. 3
RD 324 Water Resource Development. ............... 3

TEACHER CERTIFICATION OPTIONS

The earth science—interdepartmental disciplinary major lead-
ing to the Bachelor of Science degree is available for teacher
certification. Students who complete the requirements for this
disciplinary major and the requirements for teacher certifica-
tion choose whether they wish to be recommended for certifi-
cation in earth science or general science.

An earth science disciplinary minor is also available for
teacher certification.

Students who elect the earth science—interdepartmental
disciplinary major or the earth science disciplinary minor
must contact the Department of Geological Sciences.

For additional information, refer to the statement on
TEACHER CERTIFICATION in the Department of Teacher
Education section of this catalog.

ECOLOGY, EVOLUTIONARY BIOLOGY
AND BEHAVIOR

GRADUATE STUDY

Students who are enrolled in the doctoral degree program
with a major in Ecology, Evolutionary Biology and Behavior
may elect an interdepartmental specialization in cognitive sci-
ence. For additional information, refer to the statement on In-



terdepartmental Graduate Specializations in Cognitive
Science in the College of Social Science section of this catalog.
For additional information, contact the College of Natural Sci-
ence.

Doctor of Philosophy

The interdepartmental Doctor of Philosophy degree program

with a major in ecology, evolutionary biology and behavior is

administered by the College of Natural Science. The program

is available only to those students who plan to complete a

Ph.D. degree program that involves ecology, evolutionary biol-

ogy and behavior and a major in one of the following depart-

ments that are affiliated with the interdepartmental program:

Anthropology, Botany and Plant Pathology, Crop and Soil Sci-

ences, Entomology, Fisheries and Wildlife, Forestry, Geologi-

cal Sciences, Horticulture, Microbiology, Philosophy,

Psychology, and Zoology. The student doe not have the option

of completing a Doctor of Philosophy degree with a major in

ecology, evolutionary biology and behavior alone.
The educational objectives of the interdepartmental pro-
gram are to:

1. Provide an opportunity for doctoral students to obtain a
comprehensive and contemporary academic experience in
the field of ecology, evolutionary biology and behavior.

2. Stimulate doctoral students with an interest in ecology,
evolutionary biology and behavior to become sensitive to
their professional obligations and responsibilities.

3. Develop an intellectual environment which will foster the
growth of research and teaching in the area of ecology,
evolutionary biology and behavior.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

A student must apply for admission to the Doctor of Philoso-
phy degree program with a major in ecology, evolutionary biol-
ogy and behavior either before or after applying for admission
to a major in one of the departments that are affiliated with
that program. A minimum undergraduate grade-point aver-
age of 3.00 and undergraduate mathematics through calculus
are required for admission to the program.

The Graduate Admissions Committee, composed of one
member of the ecology, evolutionary biology and behavior fac-
ulty from each of the affiliated departments, reviews applica-
tions for admission and recommends acceptance of applicants
for admission. In special cases an applicant who has deficien-
cies in background courses may be admitted to the program on
a provisional basis.

In order to enroll in the Ph.D. degree program with a major
in ecology, evolutionary biology and behavior a student must
also have been admitted to a major in one of the departments
that are affiliated with that program.

Guidance Committee

During the first year of enrollment in the Doctor of Philosophy
degree program, the student and a member of the ecology, evo-
lutionary biology and behavior faculty who will serve as the
student’s major professor will constitute a guidance commit-
tee that will assist in planning the student’s program of study.
At least two members of the ecology, evolutionary biology and
behavior faculty shall be members of the committee. The stu-
dent’s program of study will involve ecology, evolutionary biol-
ogy and behavior and a major in one of the departments that
are affiliated with that program. The program shall be

NATURAL SCIENCE
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planned in accordance with the statement on Dual Major
Doctoral Degrees in the Graduate Education section of this
catalog.

Students in the Doctor of Philosophy degree program in
ecology, evolutionary biology and behavior are encouraged to
attend informal weekly seminars, to participate in the gradu-
ate student-organized research colloquium, and to organize
special topics seminars to be offered by faculty members.

Requirements for the Doctor of Philosophy Degree in Ecology,
Evolutionary Biology and Behavior

CREDITS
1. Both of the following required core courses: . ................... 6
BOT 849 Evolutionary Biology........................... 3
ZOL 851 Quantitative Methods in Ecology and
Evolution......... ... ... . i, 3

2. One 3-credit course in ecology at the 800-900 level from one of the de-
partments that are affiliated with the Doctor of Philosophy degree
program in ecology, evolutionary biology and behavior. A list of ap-
proved courses is available from the director of the ecology, evolu-
tionary biology and behavior program.

3. Twenty-four credits in Doctoral Dissertation Research (course
number 999) from one of the departments referenced in item 2.
above.

4. Pass a comprehensive examination that will be defined by the re-
quirements of the participating department and that will include a
written examination in which the student demonstrates a knowl-
edge of ecology, evolutionary biology and behavior as determined by
the guidance committee.

5. Submit a dissertation that, in the judgment of the student’s guidance
committee, represents the integration of ecology, evolutionary biol-
ogy and behavior and the student’s departmental major.

GENERAL SCIENCE

UNDERGRADUATE PROGRAM

The Bachelor of Science degree program with a major in gen-
eral science—interdepartmental is a preprofessional program
that is limited to students with an elementary teacher certifi-
cation option. The program is designed for persons who plan
to be certified by the State of Michigan as general science
teachers in grades K-8 in public schools. Students in the pro-
gram work toward certification as an elementary teacher.

To be admitted as a junior to the Bachelor of Science degree
program with a major in general science—interdepartmental,
a student must have been admitted to the elementary teacher
certification program. Continued enrollment in the teacher
certification program is a condition of continued enrollment in
the Bachelor of Science degree program with a major in gen-
eral science—interdepartmental. Students who were admit-
ted to the degree program, but who are no longer enrolled in
the elementary teacher certification program, will have to
change their majors. The Bachelor of Science degree pro-
grams with majors in Biological Science—Interdepartmental,
Earth Science—Interdepartmental, and Physical Sci-
ence—Interdepartmental in the College of Natural Science
will be available to students in good standing.

Upon satisfactory completion of the requirements for the
Bachelor of Science degree with a major in general sci-
ence—interdepartmental, the bachelor’s degree is granted.
However, in order for Michigan State University to recom-
mend a person for a teaching certificate, that person must also
complete the requirements for the Internship-Year Studies
program described under the heading TEACHER CERTIFI-
CATION in the Department of Teacher Education section of
this catalog.

Students who have been admitted to the Bachelor of Science
degree program with a major in general science—interdepart-
mental are thereby qualified to pursue the Internship-Year

10
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Studies program upon completion of the baccalaureate degree.

Requirements for the Bachelor of Science Degree in
General Science-Interdepartmental

1. The University requirements for bachelor’s degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in General Science—Inter-
departmental.

The University‘s Tier II writing requirement for the General Science—Interde-
partmental major is met by completing NSC 401. That course is referenced in item
3. a. below.

The completion of Mathematics 124 or 201 or Statistics and Probability 201 ref-
erenced in item 3. below may also satisfy the University mathematics require-
ment.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

The completion of Mathematics 124 and either Mathematics 126 or Statistics
and Probability 201 referenced in item 3. below may also satisfy the College
mathematics requirement.

3. The following requirements for the major:

CREDITS
a. All of the following courses: .............c.ccciiinennn .. 69
BS 110 Organisms and Populations ................. 4
BS 111 CellsandMolecules. ..............cvvenn... 3
BS 111L Cell and Molecular Biology Laboratory ........ 2
CEM 141 General Chemistry ........................ 4
CEM 143 Survey of Organic Chemistry ................ 4
CEM 161 Chemistry Laboratory I..................... 1
GLG 201 The DynamicEarth........................ 4
GLG 304 Physical and Biological History of the Earth. ... 4
GLG 401 Plate Tectonics (W) ... oviiiii i 4
MTH 124 Survey of Calculus with Applications I ........ 3
MTH 201 Mathematical Investigations I ............... 3
MTH 202 Mathematical Investigations IT .............. 3
NSC 401 Science Laboratories for Secondary Schools (W) . 4
PHY 231 Introductory PhysicsI...................... 3
PHY 232 Introductory PhysicsII..................... 3
PHY 251 Introductory Physics LaboratoryI............ 1
PHY 252 Introductory Physics Laboratory IT ........... 1
TE 150 Reflections on Learning. .. .................. 3
TE 301 Learners and Learning in Context (W) ........ 4
TE 401 Teaching Subject Matter to Diverse
Learners (W). . ... it 5
TE 402 Crafting Teaching Practice (W) .............. 6
b. One of the following courses: ............. ... .......... 3
CEP 240 Diverse Learners in Multicultural Perspective . . 3
TE 250 Human Diversity, Power, and Opportunity
in Social Institutions .. ................... 3
c. One of the following courses: .. .........cooiierinnen. . 3or4
ENT 319 Introduction to Earth System Science ......... 3
ZOL 306 Invertebrate Zoology ....................... 4
d. One of the following courses: .. .........coiiiuiennen. . 3or4
MTH 126 Survey of Calculus with Applications I1........ 3
STT 201 Statistical Methods ........................ 4
e. One of the following alternatives:

Alternative 1: Complementary Studies

A total of 20 credits in courses in the following subject matter areas: anthro-
pology; economics; geography; history; political science; psychology; sociol-
ogy; integrative studies in arts and humanities; integrative studies in social,
behavioral, and economic sciences; and Transcollegiate Courses involving
related disciplines. Credits in courses that are used to satisfy University re-
quirements [referenced in item 1. above] and College requirements [refer-
enced in item 2. above] may be used to satisfy this requirement. Credits in
courses that are used to satisfy the requirements for a disciplinary major for
teacher certification may not be used to satisfy this requirement.

Alternative 2: Approved Minor

The requirements for an approved disciplinary minor that is available for
teacher certification. The requirements for the approved minors are speci-
fied in the statement on REQUIREMENTS FOR THE DISCIPLINARY MI-
NORS LISTED ABOVE in the Department of Teacher Education section of
this catalog.

TEACHER CERTIFICATION OPTION

The general science—interdepartmental disciplinary major
leading to the Bachelor of Science degree is available for
teacher certification.
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Students who elect the general science—interdepartmental
disciplinary major must contact the College of Natural Sci-
ence.

For additional information, refer to the statement on
TEACHER CERTIFICATION in the Department of Teacher
Education section of this catalog.

GRADUATE STUDY

Master of Arts for Teachers

The Master of Arts for Teachers degree program with a major
in general science is designed for elementary and middle
school teachers who wish to pursue graduate study in the
broad area of teaching science and mathematics. To meet the
needs of practicing teachers, the courses that are required for
the program are offered in the summer, on weekends, and af-
ter school hours.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

The requirements for admission to the master's degree pro-
gram in general science include a bachelor's degree, teacher
certification for grades K-8, at least 3 years of teaching experi-
ence, and current employment as a teacher in an elementary
or middle school.

Requirements for the Master of Arts for Teachers Degree
in General Science

The program is available only under Plan B (without thesis).
A total of 30 credits is required for the degree. The student's
program of study must be approved by the student's academic
adviser. The student must meet the requirements specified
below.

CREDITS
1. All of the following courses (23 credits):
MTH 801 Current Issues in Mathematics Education ......... 3
NSC 651 Physical ScienceI ........... ... ... . ........ 2
NSC 652 Physical Science IT......... ... ... .. ......... 2
NSC 653 EarthSciencel............o.oiiiiiiiiin .. 2
NSC 654 EarthScienceIl............c.oiiiiiiiiiin... 2
NSC 655 LifeSciencel........c.ooioiiiiiiiiiiniin.n. 2
NSC 656 LifeScienceIl ........ ... ... .. .. .. ... ..... 2
NSC 889 Research for Inservice Teachers' ................. 5
TE 860 Practice and Inquiry in Science Education ......... 3
2. Two of the following courses (6 credits):
CEP 805 Learning Mathematics ....................ov... 3
CEP 806 Learningof Science .............oouuuuuennenn.. 3
TE 825 Diverse Learners and Learning Subject Matter . .. .. 3
TE 855 Teaching School Mathematies ................... 3

An approved project that involves either developing new science units and teaching those
units or a project that is designed to transform science teaching in the student's school is
required.

GENETICS

GRADUATE STUDY

The interdepartmental Doctor of Philosophy degree program
with a major in genetics is administered by the College of
Natural Science. The objectives of the program are (1) to pre-
pare the student for independent research and teaching, (2) to
help the student to understand the nature and significance of
genetics as a whole and to gain strength in related sciences,
such as molecular biology and biochemistry, and (3) to enable



the student to keep in the forefront of this continuously chang-
ing field.

Students may specialize in one area of genetics, but are re-
quired to familiarize themselves with all major areas of the
discipline. Students may elect to complete the requirements
for a second major, such as biochemistry, in addition to the re-
quirements for the doctoral degree in genetics.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

For regular admission a student must have a bachelor's degree
with a grade—point average of 3.30, appropriate background in
the biological and physical sciences, and approval of the Ge-
netics Program Admissions Committee. In special cases an ap-
plicant who fails to meet the grade—point average
requirement, or who has deficiencies in background courses,
i.e., organic chemistry, physics, calculus, or biology, may be
admitted on a provisional basis. Applicants admitted on a pro-
visional basis must remove these deficiencies within one year
of admission to the genetics program.

Requirements for the Doctor of Philosophy Degree in Genetics

The program of study is planned by the student in consultation
with the major professor and a guidance committee. Specific
courses in genetics, as well as courses in other areas consid-
ered relevant to the student's interests and chosen research
area, are included in the program. Students in the program
will write and defend a research dissertation which shows
original treatment of an important research problem. A de-
tailed description of the genetics program and of the research
interests of the genetics faculty may be obtained by writing the
Director of the Genetics Program, Michigan State University,
S—352 Plant Biology Building, East Lansing, MI 48824.

GENETICS—ENVIRONMENTAL TOXICOLOGY

Doctor of Philosophy

For information about the Doctor of Philosophy degree pro-
gram in genetics—environmental toxicology, refer to the
statement on Multidepartmental Doctoral Programs in Envi-
ronmental Toxicology in the Graduate Education section of
this catalog.

HUMAN BIOLOGY

UNDERGRADUATE PROGRAM

The human biology major, which leads to the Bachelor of Sci-
ence degree, is designed for persons who want a broad back-
ground in fields that comprise biological sciences and who
want to understand the interrelationships among such fields.
This major is designed for persons who plan to pursue careers
in the health care professions and for students who are inter-
ested in the biological sciences, but are not interested in a
teaching option.

NATURAL SCIENCE
Interdepartmental Degree Programs

Requirements for the Bachelor of Science Degree in
Human Biology

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Human Biology.

The University's Tier II writing requirement for the Human Biology major is
met by completing NSC 495. That course is referenced in item 3. a. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.
The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.
3. The following requirements for the major:

IS

CREDITS

a. All of the folloWing COUrSES: ... vvr ittt 44
BCH 461 BiochemistryI............................ 3
BCH 462 Biochemistry Il ........................... 3
BS 110 Organisms and Populations ................. 4
BS 111 Cellsand Molecules. ... ...........coovvn... 3
BS 111L Cell and Molecular Biology Laboratory . ....... 2
CEM 251 Organic Chemistry I ..... ... ... .. ...... 3
CEM 252 Organic Chemistry Il ...................... 3
CEM 255 Organic Chemistry Laboratory............... 2
MIC 409 Eukaryotic Cell Biology..................... 3
MIC 451 Immunology............. ..o, 3
NSC 495 Capstone in Human Biology (W) . ............ 2
PSL 431 Human Physiology I .......... ... ... ... .... 3
PSL. 432 Human Physiology IT. ...................... 3
ZOL 341 Fundamental Genetics ..................... 4

b. One of the following groups of courses: ................... 9to 12
(1) CEM 141 General Chemistry .................... 4
CEM 142 General and Inorganic Chemistry ........ 3
CEM 161 Chemistry Laboratory I................. 1
CEM 162 Chemistry Laboratory IT................ 1
(2) CEM 151 General and Descriptive Chemistry . . .. ... 4
CEM 152 Principles of Chemistry................. 3
CEM 161 Chemistry Laboratory I................. 1
CEM 162 Chemistry Laboratory IT................ 1
(3) CEM 181H Honors Chemistry I.................... 4
CEM 182H Honors Chemistry IT . .................. 4
CEM 185H Honors Chemistry Laboratory I.......... 2
CEM 186H Honors Chemistry Laboratory IT ......... 2

c. One of the following pairsof courses:. .................... 6or7

(1) MTH 132 CaleulusT..... ... ...t 3
MTH 133 CalculusIT...... ..., 4

(2) MTH 132 CaleulusI.............. 3
STT 201 Statistical Methods 4

(8) MTH 124 Survey of Calculus with ApplicationsT ....3
MTH 126 Survey of Calculus with Applications II.... 3

3

4

3

3

(4) MTH 124 Survey of Calculus with Applications I . ...
STT 201 Statistical Methods ....................
(5) MTH 152H Honors CalculusI .....................
MTH 153H Honors Caleulus IL. ....................

d. One of the following pairsof courses:. .................... 6or8
(1) PHY 183 Physics for Scientists and EngineersI..... 4
PHY 184 Physics for Scientists and Engineers IT . ... 4
(2) PHY 193H Honors Physics I-Mechanics. . ........... 3
PHY 294H Honors Physics [I-Electromagnetism . .. .. 3
(3) PHY 231 Introductory PhysicsI.................. 3
PHY 232 Introductory PhysiesIT................. 3
e One of the following pairs of courses:. . ................... 2
(1) PHY 191 Physics Laboratory for Scientists, I....... 1
PHY 192 Physics Laboratory for Scientists, IT . ... .. 1
(2) PHY 251 Introductory Physics Laboratory I........ 1
PHY 252 Introductory Physics Laboratory IT ....... 1
f At least 6 credits from the following courses™:.............. 6
MIC 301 Introductory Microbiology. .................. 3
MIC 802 Introductory Microbiology Laboratory......... 1
MIC 418 Virology . ....vovin i 3
MIC 431 Microbial Genetics. . .......... ... .. 3
MIC 461 Molecular Pathogenesis. .................... 3
MIC 463 Medical Microbiology. .. ........couvuvin. .. 3
MT 212 Fundamentals of Laboratory Analysis......... 3

MT 213 Application of Clinical Laboratory Principles . . . 1
MT 416 Clinical Chemistry II: Pathophysiology

and Body Fluid Analysis .................. 5
NSC 496 Directed Study in Human Biology ............ 1to3
NSC 497 Internship in Human Biology................ 1to3
NSC 498 Research in Human Biology .. ............... 1to3
PHM 350 Introductory Human Pharmacology........... 3
PHM 430 DrugAbuse .............ciiiiiiaennnon.. 3
PHM 450 Introduction to Chemical Toxicology .......... 3
ZOL 344 Human Genetics ..............ccovvnnin... 3
ZOL 402 Neurobiology . .......ovuiiiiiienaannenn.. 3
ZOL 408 Histology .« vvvvvni e 4
ZOL 425 Cells and Development .. ..............ov... 4
ZOL 450 Cancer Biology.............. ... oo, 3
ZOL 482 Cytochemistry ..............ccciiienono... 4
ZOL 483 Environmental Physiology .................. 4

12



NATURAL SCIENCE
Interdepartmental Degree Programs

g. One of the following COUFSEs: . ...\ vvrit i 3or4
ANT 316 General Human Anatomy................... 3
ZOL 320 Developmental Biology ..................... 4
ZOL 328 Comparative Anatomy and Biology
of Vertebrates........... ... ..., 4

With the approval of the director of the human biology major, credits in research or inde-
pendent study courses may be used to satisfy this requirement.

NEUROSCIENCE

Several colleges and departments within Michigan State Uni-
versity' cooperate in offering the interdepartmental Doctor of
Philosophy degree program with a major in neuroscience,
which is administered by the College of Natural Science. Stu-
dents may elect to complete the requirements for a second ma-
jor, in addition to the requirements for the Doctor of

Philosophy degree in neuroscience.

Students who are enrolled in the doctoral degree program
with a major in Neuroscience may also elect an
interdepartmental specialization in cognitive science. For
additional information, refer to the statement on
Interdepartmental Graduate Specializations in Cognitive
Science in the College of Social Science section of this catalog.
For additional information, contact the College of Natural
Science.

The program provides an opportunity for doctoral students
to acquire both a broad and in-depth knowledge of the function
of the nervous system. The program is designed to:

1. Make it possible for a doctoral student to obtain a compre-
hensive and contemporary academic experience in the
field of neuroscience.

2. Prepare students for their future professional obligations
and responsibilities as scholars.

3. Develop an intellectual environment that will foster the
growth of research and teaching in the area of neurosci-
ence.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

To be considered for admission to the Doctor of Philosophy de-

gree program with a major in neuroscience, an applicant

should have:

1. Completed a broad spectrum of basic science courses.

2. A grade-point average of at least 3.00 in science and
mathematics courses.

3. Experience in laboratory research.

To be eligible for admission to the Doctor of Philosophy de-
gree program with a major in neuroscience, an applicant must
have:

1. Completed an undergraduate degree in a biological or
physical science or in a related discipline.

2. An overall grade-point average of at least 3.00.

3. Satisfactory scores on the Graduate Record Examination
General Test as judged by the faculty.

Admission decisions are made by the Neuroscience Program
Admissions Committee. Applicants with deficiencies in aca-
demic preparation may be admitted provisionally, with the re-
quirement that they complete remedial science courses during
the first year of study.

Requirements for the Doctor of Philosophy Degree
in Neuroscience

The student must:
CREDITS

1. Complete all of the following courses:
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ANT 839 Systems NeurosCience. ..................oueunn. 4
BCH 825 Cell Structure and Function. . ................... 3
PHM 827 Advanced Neurobiology......................... 4
PHM 980 Problems®.........c.uurreemnnnineniiiannnnnnns 6
PSY 811 Advanced Behavioral Neuroscience .. ............. 3
PTH 830 Concepts in Molecular Biology ................... 2

2. Complete a minimum of 8 credits in additional courses as follows:
a. Two of the following courses:

ANT 885 Vertebrate Neural Systems. ................. 3
PHM 810 Synaptic Transmission ..................... 3
PHM 817 Advanced Neurotoxicology .................. 3

PSL. 841 Advanced Endocrine Physiology
and Pharmacology . ................... ...
PSY 809 Developmental Psychobiology................
PSY 851 Neuropsychology ...................
ZOL 830 Neuroendocrine Aspects of Behavior
b. If necessary, one additional course related to the student’s
research and approved by the student’s guidance committee. . 0to2
3. Complete in the first year of enrollment in the program a one-
semester laboratory rotation with each of two members of the fac-
ulty. Faculty in the departments of Anatomy, Biochemistry and Mo-
lecular Biology, Pathology, Pharmacology and Toxicology,
Physiology, Psychology, and Zoology who have an interest in neuro-
science are available for laboratory rotations. Each rotation is estab-
lished by mutual agreement of the faculty member and the student.
4. Pass the written and oral comprehensive examinations given at the
end of the second year of enrollment in the program.
5. Complete and defend a dissertation based on original research on an
important problem in neuroscience.

1 . . . .
The colleges and departments that are listed below cooperate in offering the interdepart-
mental Doctor of Philosophy degree program with a major in neuroscience:

Colleges

Human Medicine
Osteopathic Medicine
Social Science
Veterinary Medicine

Departments

Anatomy

Biochemistry and Molecular Biology
Pathology

Pharmacology and Toxicology
Physiology

Psychology

Zoology

In order for Pharmacology and Toxicology 980 to be counted toward the requirements for
the degree, 3 credits must focus on statistical analysis of data related to neuroscience and
3 credits must focus on neuroscience laboratory.

A detailed description of the Doctor of Philosophy degree
program with a major in neuroscience and of the research in-
terests of participating faculty may be obtained upon request
from the Neuroscience Program Administrative Office, B-408
Life Sciences Building, Michigan State University, East Lans-
ing, MI 48824-1317, or by visiting the web site at
http://www.msu.edu/unit/neurosci/.

PHYSICAL SCIENCE—
INTERDEPARTMENTAL

UNDERGRADUATE PROGRAM

The physical science—interdepartmental major, which leads
to the Bachelor of Science degree, is designed for persons who
want a broad background in fields that comprise the physical
sciences and who want to understand the interrelationships
among such fields. This major is designed primarily for per-
sons who plan to teach physical science in elementary, middle,
and secondary schools.

Requirements for the Bachelor of Science Degree
in Physical Science—Interdepartmental

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Physical Science—-
Interdepartmental.

The University's Tier II writing requirement for the Physical Science—Interde-
partmental major is met by completing Natural Science 401. That course is refer-
enced in item 3. a. below.



Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. All of the following courses: ............ ..., 27
CEM 151 General and Descriptive Chemistry........... 4
CEM 152 Principles of Chemistry..............covou.. 3
CEM 161 Chemistry Laboratory I..................... 1
MTH 132 CaleulusI........... ... .. .. ... ... ... .. 3
MTH 133 CalculusII.......... ... .. .. ... ... ..... 4
NSC 401 Science Laboratories for Secondary Schools (W) . 4
PHY 183 Physics for Scientists and EngineersI......... 4
PHY 184 Physics for Scientists and Engineers IT........ 4
b. One of the following courses: .. .........oovrierinnen. . 3or4
BOT 105 PlantBiology ............. ... i, 3
BS 110 Organisms and Populations ................. 4
ENT 205 Pests, Society and Environment.............. 3
MIC 205 Allied Health Microbiology .. ................ 3
PSL 250 Introductory Physiology .............c..cv... 4
ZOL 141 Introductory Human Genetics ............... 3
c. Two of the following three concentrations: ................ 33to 41
Chemistry Concentration (14 credits):
(1) All of the following courses:
CEM 162 Chemistry Laboratory IT................ 1
CEM 251 Organic Chemistry I ................... 3
CEM 252 Organic Chemistry IT................... 3
CEM 255 Organic Chemistry Laboratory........... 2
CEM 262 Quantitative Analysis.................. 2
CEM 383 Introductory Physical Chemistry I........ 3
Physics Concentration (19 credits):
(1) All of the following courses:
MTH 234 Multivariable Caleulus ................. 4
MTH 235 Differential Equations. ................. 3
PHY 191 Physics Laboratory for Scientists, I ....... 1
PHY 192 Physics Laboratory for Scientists, IT ...... 1
PHY 215 Thermodynamics and Modern Physics. .. .. 3

PHY 431 OptiesI..................

PHY 440 Electronics
Earth Science Concentration (21 or 22 credits):
(1) Both of the following courses (8 credits):

GLG 201 The Dynamic Earth

GLG 401 Plate Tectonics (W)
(2) One of the following courses (4 credits):

GLG 321 Mineralogy and Geochemistry ........... 4

GLG 351 Structural Geology. .........covvuvvn... 4
(3) One of the following courses (3 or 4 credits):

GLG 421 Environmental Geochemistry............ 4

GLG 422 Organic Geochemistry (W) .............. 3

(4) Six additional credits inGeological Sciences courses ap-
proved by the student's academic adviser. Astronomy and
Astrophysics 201 may be used to satisfy this requirement.

TEACHER CERTIFICATION OPTION

The physical science—interdepartmental disciplinary major
leading to the Bachelor of Science degree is available for
teacher certification.

Students who elect the physical science—interdepartmental
disciplinary major must contact the College of Natural Sci-
ence.

For additional information, refer to the statement on
TEACHER CERTIFICATION in the Department of Teacher
Education section of this catalog.

GRADUATE STUDY

Master of Science

The Master of Science degree program with a major in Physi-
cal Science—Interdepartmental is designed for science teach-
ers who wish to pursue graduate study in the physical
sciences. To meet the needs of practicing teachers, the courses
that are required for the program are offered in the summer
and on weekends.

NATURAL SCIENCE
Interdepartmental Specializations

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

Requirements for admission to the master's degree program
in physical science—interdepartmental include a bachelor's
degree in physics, chemistry, earth science, or physical sci-
ence; teacher certification for grades 7—12; at least 3 years of
teaching experience; and current employment as a teacher of
physics, chemistry, earth science, or physical science at the
middle or secondary school level.

Requirements for the Master of Science Degree
in Physical Science-Interdepartmental

The program is available under either Plan A (with thesis) or
Plan B (without thesis). For a student under Plan A, a thesis
committee that consists of the student’s faculty adviser, the
student’s problem director, and one other faculty member
must approve the student’s program of study.

The student must complete at least 30 credits distributed as
follows:

CREDITS
Requzrements for Both Plan A and Plan B
All of the following courses (17 credits):
NSC 860 Problem Solving Techniques in Physical Science . . . . 3
NSC 861 Chemistry for Teachers. ........................ 2
NSC 862 Physics for Teachers ........................... 2
NSC 863 Earth Science for Teachers...................... 2
NSC 864 Interdisciplinary Seminar in Physical Science . . .. .. 2
NSC 902 Frontiers in Physical Science . ................... 6
2. Three additional credits in courses approved by the student's
graduate committee.
Additional Requirements for Plan A
1. NSC 899 Master’s Thesis Research'....................... 10
Additional Requirements for Plan B
Research for Inservice Teachers® . ................ 10

1. NSC 889
1 .. . . .
Research for the thesis involves developing laboratories and demonstrations as part of a
new teaching unit and teaching that unit.

Research for inservice teachers requires a curriculum based project and implementation
report.

INTERDEPARTMENTAL
SPECIALIZATIONS

UNDERGRADUATE

ENVIRONMENTAL STUDIES

The specialization in environmental studies is available as an
elective to all students who are enrolled in bachelor's degree
programs in the College of Agriculture and Natural Re-
sources, the College of Communication Arts and Sciences, the
College of Engineering, the College of Natural Science, and
the College of Social Science. The specialization is adminis-
tered jointly by the five colleges referenced above. The College
of Natural Science is the primary administrative unit.
The specialization in environmental studies is designed to:
1. provide knowledge essential for understanding the physi-
cal environment that is inhabited and influenced by hu-
mans.
2. explain the way in which direct and indirect policy—-
making by social, economic, and political institutions af-
fects environmental issues.
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NATURAL SCIENCE
Interdepartmental Specializations

Students who elect the specialization are encouraged to
complete Integrative Studies in Social, Behavioral, and Eco-
nomic Sciences 225 and Transcollegiate Course 304 in partial
fulfillment of the University Integrative Studies requirement.
Students who elect the specialization may complete an op-
tional environmental studies project of 1 to 3 credits during
the sophomore year.

Freshmen who have either declared the intent to complete
the specialization in environmental studies or who have de-
clared a major preference for one of the bachelor's degree pro-
grams that are related to environmental studies may elect the
two—year Residential Option in Environmental Studies. Stu-
dents who elect this option will be housed in Hubbard Hall,
where several of the courses that are required for the speciali-
zation will be taught. This integrated living—learning envi-
ronment will allow students from the several colleges and
disciplines to develop a sense of community and will promote a
team approach to solving environmental problems.

Requirements for the Specialization in
Environmental Studies:'

The student must meet the requirements specified below:

1. Biological and Physical Dimensions of the Environment: ......... 14 to 16
a. Both of the following courses (8 credits):
GLG 201 The DynamicEarth........................ 4
ISS 310 People and Environment (I)®. ................ 4
b. One of the following courses (3 or 4 credits):
BS 110 Organisms and Populations . ................ 4
FW 203 Resource Ecology.......................... 3
c. One of the following two options (3 or 4 credits):
(1) Both of the following courses:
ZOL 3855 ECOlogY ..ot 3
ZOL 355L Ecology Laboratory .................... 1
(2) One of the following courses:
CE 280 Introduction to Environmental Engineering 3
CSS 210 Fundamentals of Soil and Landscape
SCIENCE .« vttt e 3
CSS 455 Pollutants in the Soil Environment . ... ... 3
FOR 404 Forest and Agricultural Ecology.......... 4
FW 207 Great Lakes: Biology and Management ... 3
FW 364 Ecosystem Processes ................... 3
FW 444 Conservation Biology................... 3
GEO 203 Introduction to Meteorology . ............ 3
GEO 206 Physical Geography.................... 3
GLG 421 Environmental Geochemistry............ 4
RD 324 Water Resource Development............ 3
2. Social-Environmental Interactions:. .. ......... .. ... ..... 6or7
a. One of the following courses (3 credits):
ANP 470 Food, Hunger and Society................... 3
FOR 464 Natural Resource Economics and
Social Science (W) ......... ... .. ....... 3
JRN 408 Topics in Specialized Reporting and Writing® . . . 3
PKG 370 Packaging and the Environment ............. 3
PLS 342 Comparative Political Economy .............. 3
PRM 260 World Food, Population and Poverty .......... 3
PRM 320 Public Policy Analysis Methods .............. 3
PRR 302 Environmental Attitudes and Concepts........ 3
RD 201 Environmental and Natural Resources ........ 3
RD 336 State Environmental Law................... 3
RD 430 Lawand Resources ........................ 3
RD 460 Resource and Environmental Economics....... 3
SOC 452 Environment and Society . .................. 3
UpP 323 Land and Environmental Planning . .......... 3
ZOL 446 Environmental Issues and Public Policy . ... ... 3
b. One of the following courses (3 or 4 credits):
PLS 301 American State Government ................ 3
PLS 310 Public Bureaucracy in the Policy Process ... ... 3
PLS 313 Public Policy Analysis............c..covvv... 3
PLS 324 American Legislative Process. ... ............ 3
PLS 331 Political Parties and Interest Groups.......... 3
TC 310 Basic Telecommunication Policy.............. 4
3. Seminar: . ... ... 3
NSC 192 Environmental Issues Seminar .................. 3

! With the prior written approval of the associate dean of the college that administers a
course in the specialization, another course may be substituted for that course. Before a
student requests a substitution, the student should consult with his or her academic ad-
viser to ensure that the substitution will not adversely affect the requirements for his or
her degree program.

Integrative Studies in Social, Behavioral, and Economic Sciences 310 may be used to sat-
isfy both the requirements for the specialization in environmental studies and University
requirements.

E] . . . . .
Journalism 408 may be used to satisfy requirement 2.a. only when the topic deals with en-
vironmental journalism.

15

Upon completion of the requirements for the specialization
in environmental studies, the student should contact the
Dean of the College of Natural Science and request certifica-
tion for the completion of the specialization. After the certifi-
cation is approved by the Dean of the College of Natural
Science, the Office of the Registrar will enter on the student's
academic record the name of the specialization and the date
that it was completed. This certification will appear on the
student's transcript.

GRADUATE

BIOTECHNOLOGY

The interdepartmental doctoral specialization in biotechnol-
ogy is administered by the College of Natural Science. The
specialization is available as an elective to students who are
enrolled in Doctor of Philosophy degree programs with majors
in Biochemistry, Botany and Plant Pathology, Chemical Engi-
neering, Chemistry, and Microbiology.

The specialization is designed to provide an opportunity for
doctoral students in the departments referenced above to un-
derstand the needs and operations of biotechnology industries
and to become familiar with specific biotechnological prob-
lems that exist in an industrial setting. Graduates with a spe-
cialization in biotechnology may be employed in corporations
which apply modern biological techniques to achieve commer-
cial goals.

The interdepartmental doctoral specialization in biotech-
nology focuses on the broad areas of biomedical engineering
and applied microbiology. Students in the specialization may
study protein structure and function relationships and pro-
tein engineering, the genetic engineering of microbes for in-
dustrial processes, and the use of microbes and protein
products in chemical engineering processes.

Persons who are interested in the specialization must con-
tact the College of Natural Science. To be accepted into the
specialization, a student must have been admitted to a Doctor
of Philosophy degree program with one of the majors specified
above.

With the approval of the department and college that ad-
minister the student's degree program, courses that are used
to satisfy the requirements for the specialization may also be
used to satisfy the requirements for the Doctor of Philosophy
degree.

Requirements for the Interdepartmental Doctoral
Specialization in Biotechnology:

The student must complete:

CREDITS
1. Both of the following courses (5 credits):
BCH 801 Molecular Biology and Protein Structure........... 4
NSC 830 Nature and Practice of Science................... 1
2. One of the following courses (3 credits):
CHE 481 Biochemical Engineering'....................... 3
CHE 882 Advanced Biochemical Engineering............... 3
ENE 804 Biological Processes in Environmental
Engineering. . ...t 3
3. One of the following courses (3 credits):
BCH 821 Biochemical Mechanisms and Structure . .......... 3
BOT 856 Plant Molecular Biology ........................ 3
MIC 425 Microbial Ecology'............. ... i, 3
MIC 821 Microbial Physiology . ........... .. ... ... ... 3
MIC 829 Advanced Microbial Ecology . .................... 3

4. An internship of at least two semesters in a biotechnology—related
industry approved by the College of Natural Science. The internship
involves research that is directed toward achieving market—oriented
goals. With the approval of the student's guidance committee, that
research may be the basis for the student's doctoral dissertation.

1 . . P
Only one of the following courses may be counted toward the requirements for the speciali-
zation: Chemical Engineering 481 or Microbiology 425.



Upon completion of the requirements for the Doctor of Phi-
losophy degree and the requirements for the interdepartmen-
tal doctoral specialization in biotechnology, the student
should contact the Dean of the College of Natural Science and
request certification for the completion of the specialization.
After the certification is approved by the Dean of the College of
Natural Science, the Office of the Registrar will enter on the
student's academic record the name of the specialization and
the date that it was completed. This certification will appear
on the student's transcript.

ECOLOGY, EVOLUTIONARY BIOLOGY AND BEHAVIOR

The interdepartmental graduate specialization in ecology,

evolutionary biology and behavior is available for students

who are enrolled in master's degree programs in the depart-
ments of Anthropology, Botany and Plant Pathology, Crop and

Soil Sciences, Entomology, Fisheries and Wildlife, Forestry,

Geological Sciences, Horticulture, Microbiology and Molecu-

lar Genetics, Philosophy, Psychology, and Zoology. The Col-

lege of Natural Science administers the specialization.
The interdepartmental graduate specialization in ecology,
evolutionary biology and behavio is designed to:

1. Provide an opportunity for master’s students to obtain a
comprehensive and contemporary academic experience in
the field of ecology, evolutionary biology and behavior.

2. Help graduate students with an interest in ecology, evo-
lutionary biology and behavior to become sensitive to
their professional obligations and responsibilities.

3. Develop an intellectual environment which will foster the
growth of research and teaching in the area of ecology,
evolutionary biology and behavior.

A student who is enrolled in a master's degree program
in one of the twelve participating departments and who
wishes to complete the requirements for the interdepart-
mental graduate specialization in ecology, evolutionary
biology and behavior should have a minimum grade—-
point average of 3.00 and have grades of 3.0 or higher in
quantitative science courses.

Requirements for the Interdepartmental Graduate
Specialization in Ecology, Evolutionary Biology and Behavior

During the first year of study toward a master's degree, the
student and the major professor select a guidance committee
that will assist in planning the student's program of study for
both the degree and the specialization. At least one member of
the student's guidance committee shall be a member of the
Ecology, Evolutionary Biology and Behavior faculty.

The specialization consists of the completion of the ecology,
evolutionary biology and behavior required core courses listed
below. Credits that are used to meet the requirements for the
specialization may also be counted toward the requirements
for the student's major at the discretion of the department.

Required Core Courses

CREDITS
BOT 849 Evolutionary Biology. . ........c.ouiuiiiiennnen. . 3
One additional 800-level course in ecology offered by the College of
Natural Science or the College of Agriculture and Natural Resources . . 3

Upon completion of the requirements for the degree pro-
gram and of the interdepartmental graduate specialization in
ecology, evolutionary biology and behavior, the student should
contact the College of Natural Science and request certifica-
tion for the completion of the specialization. After the certifica-
tion is approved by the Dean of the College of Natural Science,
the Office of the Registrar will enter on the student's academic
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record the name of the specialization and the date that it was
completed. This certification will appear on the student's tran-
script.

ENVIRONMENTAL TOXICOLOGY

The College of Natural Science, the College of Agriculture and
Natural Resources, and the College of Engineering adminis-
ter the graduate specialization in environmental toxicology.
The College of Agriculture and Natural Resources is the pri-
mary administrative unit. For additional information, refer to
the Graduate Specialization in Environmental Toxicology
statement in the College of Agriculture and Natural Resources
section of this catalog.

LYMAN BRIGGS SCHOOL

Diane Ebert-May, Director

Lyman Briggs School is a residential school within the College
of Natural Science. The program in Lyman Briggs is designed
to provide students with a sound education in the fundamen-
tals of mathematics and the basic sciences. Additionally, the
core program addresses some of the societal, historical, and
philosophical concerns and consequences of modern science
and technology. Advanced undergraduate courses are usually
taken in the respective departmental units of the College of
Natural Science and the University at large. A sizable number
of Lyman Briggs students pursue programs leading to em-
ployment or graduate study in the natural sciences. Many oth-
ers pursue preengineering programs or preprofessional
programs related to medicine, dentistry, optometry, or law.
Still others plan to enter careers in teaching at the secondary
level, science writing, or government service.

Lyman Briggs is a residential program, with its classrooms,
laboratories, and faculty and administrative offices located in
Holmes Hall, the largest residence hall at MSU. Because of
this residential organization, it offers students a sense of iden-
tification with and belonging to a well-defined intellectual
and social community, with numerous opportunities for in-
volvement in its many activities. These opportunities include
the development of extensive personal contacts between fac-
ulty, staff, and students; individual and readily available ad-
vising; and a generally reassuring environment in which
many students find support in achieving academic success
and satisfaction. The school and its students also organize a
number of social, preprofessional, and cultural activities dur-
ing the year.

Students admitted to Michigan State University are also
admissible to Lyman Briggs School. There are no additional
requirements; however, it is advisable that, of the sixteen
units of high school work required, a minimum of three units
be in mathematics and two units be in the natural sciences.

Enrollments in the school are limited, and students are en-
couraged to apply early. Prospective new freshman and trans-
fer students should notify the University's Office of
Admissions and Scholarships as early as possible of their de-
sire to enroll in the school. Currently enrolled Michigan State
University students may also be eligible to transfer into the
school.

Normally Lyman Briggs School students fulfill the school's
core requirements in biology, chemistry, computers, mathe-
matics, physics, and writing by enrolling in the school's
courses in these areas. However, one or more of these require-
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ments may be satisfied by completing approved courses else-
where in the College or University.

Students who are enrolled in the environmental
biology/microbiology and microbiology coordinate majors in
Lyman Briggs School may elect the specialization in food
processing and technology. For additional information, refer
to the Specialization in Food Processing and Technology
statement in the Department of Food Science and Human
Nutrition statement in the College of Agriculture and Natural
Resources section of this catalog.

Transfer Students

All students in good academic standing in Lyman Briggs
School may transfer at any time to other programs at Michi-
gan State University for which they are eligible, in order to ac-
commodate changing academic needs and interests.
Students who wish to transfer into Lyman Briggs School
should call (517) 353—-6482 or go to E—-30 Holmes Hall to make
an appointment to consult with the Assistant to the Director.

UNDERGRADUATE PROGRAM

The Lyman Briggs School program leads to the Bachelor of
Science Degree.

Requirements for the Bachelor of Science Degree
in Lyman Briggs School

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this University catalog; 120 credits, including gen-
eral elective credits, are required for the Bachelor of Science degree in Lyman
Briggs School.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below are equivalent to
courses in the alternative track and, therefore, may be used to satisfy the alterna-
tive track.

The completion of the Lyman Briggs School mathematics and statistics require-
ment [referenced in item 3.¢.(4) below] may also satisfy the University mathemat-
ics requirement.

The completion of Lyman Briggs School 133 or one of the approved alternatives
[referenced in requirement 3.c.(6)(a) below] may also be counted toward the Uni-
versity Tier I writing requirement.

The University's Tier II writing requirement for the Fields of Concentration
(majors) and Coordinate Majors in Lyman Briggs School is met by completing Ly-
man Briggs School 492 and one of the following courses: English 483; History 425;
Lyman Briggs School 332, 333, 334, 335, 336, 355. Those courses are referenced in
items 3. a. (6) and 3. a. (7) below.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements of Lyman Briggs School for the Bachelor of Science de-
gree:

CREDITS
a. COREPROGRAM . . ... 46 to 58

(1) Biology: One of the following groups of courses

(8 to 10 credits):

(a) Lyman Briggs School 144, 145.

(b) Lyman Briggs School 148H, 149H, 158H, 159H.
(c) Biological Science 110, 111, 111L.

(2) Chemistry: One of the following groups of courses

(8 to 10 credits):

(a) Lyman Briggs School 165, 165L, 266, 266L.

(b) Lyman Briggs School 165, 165L; Chemistry 143
(¢) Lyman Briggs School 165, 165L; Chemistry 251.
(d) Chemistry 141, 142, 161.

(e) Chemistry 141, 143, 161.

(f) Chemistry 141, 161, 251.

(g) Chemistry 151, 152, 161.

(h) Chemistry 181H, 182H, 185H.

(3) Computer Science: One of the following courses:
Lyman Briggs School 125, 126, 127; Computer Science
and Engineering 101, 131, 230 (3 credits)."

(4) Mathematics and Statistics: One of the following
groups of courses (6 to 11 credits):
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(a) Lyman Briggs School 118, 119.
(b) Lyman Briggs School 118; Statistics and Probability 231.
(¢) Mathematics 132, 133, 234.
(d) Mathematics 132, 133; Statistics and Probability 231.
(e) Mathematics 152H, 153H.
(5) Physies: One of the following groups of courses
(6 to 8 credits):
(a) Lyman Briggs School 164, 164L, 267, 267L.
(b) Physics 231, 282, 251, 252.
(c) Physics 183, 184.
(d) Physics 181B, 182B, 251, 252.
(e) Physics 231B, 232B, 251, 252.
(f) Physics 183B, 184B.
(g) Physics 193H, 294H.
(6) Science and Technology Studies: A total of 11 or 12
credits from the courses in groups (a), (b), and (c) below. In
addition to completing one course from each of the three
groups, the student must complete one of the following
courses from group (b) or group (c): English 483; History
425; Lyman Briggs School 332, 333, 334, 335, 336, 355.
(a) One of the following courses: Lyman Briggs School
133; American Thought and Language 110, 115, 120,
125, 130, 135, 140, 145, 150, 195H.

(b) One of the following courses: Lyman Briggs School
331, 332, 333, 334, 335, 336, 355.%

(¢) One of the following courses: Lyman Briggs School
330, 331, 332, 333, 334, 335, 336, 355, 490E;* English
483; History 425.

(7) Senior Seminar: Lyman Briggs School 492 (4 credits).
b. FIELD OF CONCENTRATION or COORDINATE MAJOR.

Each student must complete the requirements of a Field of

Concentration or a Coordinate Major. The Field or Major must

be chosen from the lists of options below. Both the Field or Ma-

jor and the related courses must be approved by the student's
academic adviser. With the approval of the appropriate Ly-
man Briggs School Curriculum Coordinator or Undergraduate

Director, courses other than those that are listed as require-

ments for a Field or Major may be used to satisfy degree re-

quirements.

Fields of Concentration:

Biology

Computer Science

Earth Science

Environmental Science and Management

Physical Science

Science and Technology Studies

Coordinate Majors:

(1) College of Natural Science:

(a) Astrophysics
Biochemistry
Biochemistry/Biotechnology
Biological Science—Interdepartmental
Botany and Plant Pathology
Chemical Physics
Chemistry
Computational Mathematics
Earth Science—Interdepartmental
Entomology
Environmental Biology/Botany and Plant Pathology
Environmental Biology/Microbiology
Environmental Biology/Zoology
Environmental Geosciences
Geological Sciences
Human Biology
Mathematics
Medical Technology
Microbiology
Physical Science—Interdepartmental
Physics
Physiology
Statistics
Zoology

(2) College of Engineering:
(a) Computer Science®

! Students who pass a waiver examination for Computer Science and Engineering 101 will
not be required to complete one of the following courses: Lyman Briggs School 125, 126,
127; Computer Science and Engineering 101, 131, 230.

: Each of the following courses may be used to meet either requirement 3.a.(6)(b) or require-
ment 3.a.(6)(c), but not both of those requirements: Lyman Briggs School 331, 332, 333,
334, 335, 355.

: Students are admitted to this Coordinate Major after they have reached junior standing
and have met certain other requirements specified by Lyman Briggs School.

Fields of Concentration

CREDIT!
1. Biology . ... ..o 30



A minimum of 30 credits from the courses listed below includ-

ing:
(1) All of the following courses (18 credits):

BCH 461 Biochemistry I........................
BCH 462 Biochemistry II .......................
MIC 301 Introductory Microbiology...............
MIC 302 Introductory Microbiology Laboratory . .. ..
ZOL 341 Fundamental Genetics .................
ZOL 3855 Ecology.........coviiiiiiiiiinnnnon..

ZOL 3551 Ecology Laboratory ....................

(2) One of the following groups of courses (6 credits):
(a) BOT 414 Plant Physiology: Metabolism .......
BOT 415 Plant Physiology: Growth,
Development and the Environment .
(b) PSL 431 Human PhysiologyI ...............
PSL. 432 Human Physiology IT...............
(8) One course from group (a) and one course from group (b)

below (6 to 8 credits):
(a) Organismal and Population Biology

(i) Students who complete Physiology 431 and 432 to
satisfy requirement 1.a.(2) above must complete

one of the following courses:

BOT 418 Plant Systematics ...............
BOT 423 Wetland Plants and Algae. ........
BOT 434 Plant Structure and Function. . . ...

BOT 441 Plant Ecology .. .................

ENT 404 Insects: Success in Biodiversity. ... 4
(i) Students who complete Botany and Plant Pa-

thology 414 and 415 to satisfy requirement

1.a.(2) above must complete one of the following
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courses:
ZOL 306 Invertebrate Biology ............. 4
ZOL 328 Compatrative Anatomy and Biology
Of Vertebrates. .. ............ 4
ZOL 353 Marine Biology.................. 4
ZOL 431 Comparative Limnology .......... 4
ZOL 445 Evolution ...................... 3
(b) Cellular, Molecular, and Developmental Biology
BOT 416 Experiments in Plant Physiology and
Molecular Biology ............... 4
LBS 347 Advances in Applied Biology......... 3
MIC 409 Eukaryotic Cell Biology. ............ 3
MIC 413 Virology ....ovuveeeinenannnenn.n 3
MIC 421 Prokaryotic Cell Physiology ......... 3
MIC 431 Microbial Genetics................. 3
MIC 451 Immunology...................... 3
ZOL 320 Developmental Biology ............. 4
ZOL 421 Hormones and Development. ........ 3
2. Computer SCIeNCe . . ... ..ot
a. A minimum of 33 credits from the courses listed below includ-
ing:
(1) All of the following courses (27 credits):
CSE 230 Algorithms and Computing. . ............ 4
CSE 260 Discrete Structures in Computer Science .. 3
CSE 320 Computer Organization and Assembly
Language Programming . ............. 4
CSE 330 Data Structures and Programming
Concepts. . .o vt 4
CSE 360 Auto mata and Formal Language Theory .. 3
CSE 410 Operating Systems ..............c...... 4
LBS 220 CaleulusIIl ... ..., 5
(2) At least two of the following courses (6 to 8 credits):
CSE 420 Computer Architecture ................. 4
CSE 422 Computer Networks ................... 4
CSE 440 Artificial Intelligence and Symbolic
Programming....................... 4
CSE 450 Translation of Programming Languages . .. 4
CSE 452 Organization of Programming Languages. . 3
CSE 470 Software Engineering . ................. 4
CSE 472 Computer Graphics . ................... 3
CSE 474 Vector and Parallel Programming ........ 3
CSE 480 Database Systems ..............cvvvnn. 4
3. EarthScience.......... ... ... ... ... .. i i i
a. A minimum of 27 credits from the courses listed below includ-
ing:
(1) At least 14 credits in courses at the 300—400 level.
(2) At least 8 credits in earth science courses outside the De-
partment of Geological Sciences.
(8) Atleast one course in each of the following 5 earth science
areas (15 to 22 credits).
(a) Astronomy and Astrophysics
AST 201 Astrophysics and Astronomy I ....... 3
AST 202 Astrophysics and Astronomy II....... 4
(b) Geology of the Solid Earth
GLG 201 The Dynamic Earth................ 4
GLG 321 Mineralogy and Geochemistry ....... 4
GLG 351 Structural Geology................. 4
GLG 361 Petrology W) ..................... 4
GLG 371 Plate Tectonics (W) ................ 4
GLG 481 Reservoirs and Aquifers ............ 4
GLG 491 Field Geology — Summer Camp (W) ... 6

(¢c) Paleobiology
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BOT 335 Plants Through Time............... 3
GLG 331 Vertebrate Life of the Past .......... 3
GLG 431 Sedimentology and Stratigraphy (W). . 4
GLG 433 Vertebrate Paleontology ............ 4
GLG 434 Evolutionary Paleobiology. .......... 4
(d) Environmental Geosciences and Meteorology

GEO 203 Introduction to Meteorology . ........ 3
GEO 401 Geography of Plants of

North America.................. 3
GEO 402 Agricultural Climatology............ 3
GEO 404 Synoptic Climatology............... 4
GEO 405 Applied Synoptic Climatology:

Principles and Methods. .. ........ 4
GLG 421 Environmental Geochemistry........ 4
GLG 422 Organic Geochemistry (W) .......... 3
GLG 423 Environmental Geosciences ......... 1

(e) Geomorphology

C8S 470 SoilResources .................... 3
GEO 406 Environmental Geomorphology ... ... 3
GEO 407 Regional Geomorphology of

the United States................ 3
GEO 408 Soil Geomorphology Field Study. .. ... 4

Geography 206 and 206L, combined, may be substitu—
ed for one of the courses listed above.

4. Environmental Sciences and Management.................

a. A minimum of 41 credits from the courses listed below including:
(1) One of the following groups of courses (8 or 10 credits):
(a) LBS 118 CalculusI............ ..., 5
STT 231 Statistics for Scientists ............. 3
(by MTH 132 CalculusI........................ 3
MTH 133 CaleulusIl....................... 4
STT 231 Statistics for Scientists ............. 3
(2) One course from each of the following 7 areas (24 to 26
credits):
(a) Ecology:
ZOL 3855 Ecology...........ciiiiienenin.. 3
ZOL 3551 Ecology Laboratory ................ 1
(b) Geology:
GLG 201 The Dynamic Earth................ 4
(¢) Taxonomy or Phylogenetic Biology:
BOT 418 Plant Systematics ................. 3
ENT 404 Insects: Success in Biodiversity. .. ... 4
ZOL 306 Invertebrate Biology ............... 4
(d) Biochemistry:
BCH 401 Basic Biochemistry ................ 4
(e) Aquatic Systems:
BOT 423 Wetland Plants and Algae........... 4
FW 420 Stream Ecology ................... 3
ZOL 431 Comparative Limnology ............ 4
(fy Microbiology:
MIC 301 Introductory Microbiology........... 3
(g) Economics:
EC 201 Introduction to Microeconomics . . . ... 3
(3) One course from each of the following three groups (9to 11
credits):
(a) FOR 464 Natural Resource Economics
and Social Science (W) ........... 3
SOC 452 Environment and Society'........... 3
(by FW 424 Population Analysis
and Management................ 4
FW 444 Conservation Biology. .............. 3
(¢ FW 410 Upland Ecosystem Management .. ... 3
FW 412 Wetland Ecosystem Management. . . . . 3

1Students who elect Sociology 452 must also complete Sociology 452L to meet
requirement 4. a. (3) (a).

5. Physical Science ........... ... .. . ..
a. A minimum of 32 credits from the courses listed below includ-
ing:
(1) The following course:
LBS 220 CaleulusIIl ............ ... coovin... 5
(2) At least 27 credits in chemistry courses, in physics
courses, or in chemistry and physics courses approved by
the student's academic adviser. At least 20 of the 27 cred-
its must be in courses at the 300 level or above, and at
least 14 of the 27 credits must be in either chemistry
courses or physics courses and must meet the conditions
specified below:

For students who elect to complete at least 14 credits in
chemistry courses, at least 4 of the 14 credits must be
laboratory credits at the 300—-400 level.

For students who elect to complete at least 14 credits in
physics courses, at least 6 of the 14 credits must be in
modern physics, and at least 3 of the 14 credits must be
laboratory credits.

6. Science and Technology Studies..........................
a. A minimum of 24 credits in 300—400 level science and technol-
ogy studies courses approved by the student's academic ad-

viser. Courses in the Lyman Briggs School CORE PROGRAM

and Lyman Briggs School 492 may not be used to satisfy this

41
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requirement. Courses outside Lyman Briggs School may be
used to satisfy this requirement.

DEPARTMENT OF
BIOCHEMISTRY and
MOLECULAR BIOLOGY

William L. Smith, Chairperson

The Department of Biochemistry and Molecular Biology is ad-
ministered jointly by the colleges of Natural Science, Human
Medicine, and Osteopathic Medicine.

Biochemistry is the discipline that studies the chemistry of
living matter. In addition to defining the chemical nature of
the molecules of life, biochemists seek to understand the pro-
cesses involved in their formation and degradation and how
these processes are regulated. Such knowledge is a prerequi-
site for understanding normal biological functions and for
adapting or modifying them for useful purposes. It is also fun-
damental to understanding abnormal functions that underlie
biochemical disorders, ultimately leading to their treatment.
Thus, biochemistry is a field with significance and applica-
tions across the biological spectrum, from the microbial
through the plant and animal kingdoms. The potential signifi-
cance of new discoveries in biochemistry, coupled with the
rapid pace of conceptual and methodological advances in the
field, make modern biochemistry a most exciting area for
study and research.

The Department of Biochemistry and Molecular Biology of-
fers a program leading to the Bachelor of Science degree. The
undergraduate program coexists with an extensive graduate
program for students seeking the M.S. or Ph.D. degrees. Both
undergraduate and graduate students have ready access to a
large and diverse faculty representing expertise in the various
areas of modern biochemistry.

Biochemists have many types of career opportunities open
to them. These opportunities include research in industrial,
academic, or government laboratories; teaching at the high
school or higher levels; and marketing, management, or ad-
ministrative responsibilities in enterprises where training in
biochemistry is an asset.

UNDERGRADUATE PROGRAMS

BIOCHEMISTRY

Bachelor of Science

The Bachelor of Science program in Biochemistry for students
in the College of Natural Science combines the elements of a
liberal education with thorough preparation in biochemistry
and the underlying principles of biology, chemistry, physics,
and mathematics. It is intended primarily for those students
who wish to pursue a career in which a sound knowledge of bio-
chemistry is necessary, or for students who plan further stud-
ies at the graduate or professional level. With suitable choice
of electives, the B.S. program offers the option of merging rig-
orous training in biochemistry with development of writing or
pedagogical skills, leading to career options in science writing
or teaching.
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Undergraduate students are taught by professors who are
familiar with the changing directions and emphases in the
field of biochemistry. Each student has as an academic adviser
a professional biochemist who is aware of current problems
and opportunities in the field. In addition, a departmental un-
dergraduate student affairs office is available to provide stu-
dents with up—to—date information on University curriculum
changes, career opportunities, and program development. In-
terested undergraduates are encouraged to participate, along
with graduate students and postdoctoral fellows, in the on—-
going research of one of the faculty members.

Students seeking admission to the program should com-
plete the high school science or college preparatory curricu-
lum, ensuring that their programs include courses required
for admission to the University.

Requirements for the Bachelor of Science Degree
in Biochemistry

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Biochemistry.

The University's Tier II writing requirement for the Biochemistry major is met
by completing Biochemistry 471. That course is referenced in item 8. C. (2) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. Competency in a foreign language equivalent to the completion
of two 100-level courses at Michigan State University....... 0to8
b. The following courses outside the Department of
Biochemistry:. ... ... ... . 62 to 65
(1) All of the following courses (34 credits):
BS 110 Organisms and Populations ............. 4
BS 111 Cellsand Molecules.................... 3
BS  111L Cell and Molecular Biology Laboratory . ... 2
CEM 161 Chemistry Laboratory I................. 1
CEM 162 Chemistry Laboratory IT................ 1
CEM 262 Quantitative Analysis.................. 2
CEM 355 Organic Laboratory I................... 2
CEM 356 Organic Laboratory IT.................. 2
CSE 101 Computing Concepts and Competencies ... 3
MTH 132 CalculusI....... ... ... ... 3
MTH 133 CalculusII...... ... ..ot 4

Seven additional credits in biology courses at the 300—400 level.
(2) One of the following pairs of courses (7 or 8 credits):

(a) CEM 141 General Chemistry ................ 4
CEM 142 General and Inorganic Chemistry ....3
(by CEM 151 General and Descriptive Chemistry . .. 4
CEM 152 Principles of Chemistry............. 3
(¢ CEM 181H Honors Chemistry T................ 4
CEM 182H Honors Chemistry IT ............... 4
(8) One of the following pairs of courses (6 credits):
(a) CEM 251 Organic Chemistry I ............... 3
CEM 252 Organic Chemistry IT............... 3
(by CEM 351 OrganicChemistryl ............... 3
CEM 352 Organic Chemistry IT............... 3
(4) One of the following courses (3 credits):
CEM 333 Instrumental Methods.................. 3
CEM 372 Analytical-Physical Chemistry
Laboratory I........................ 3

(5) One of the following pairs of courses (6 credits):

(a) CEM 361 Analytical-Physical Chemistry I ..... 3
CEM 362 Analytical-Physical Chemistry II. . . .. 3
(b) CEM 383 Introductory Physical ChemistryI....3
CEM 384 Introductory Physical Chemistry II ... 3
(6) One of the following courses (3 or 4 credits):
PHY 181B Basic Physics [, CBL. ................... 3
PHY 183 Physics for Scientists and EngineersI. .. .. 4
(7) One of the following courses (3 or 4 credits):
PHY 182B Basic Physics II, CBL................... 3
PHY 184 Physics for Scientists and Engineers IT . ... 4
c. The following courses in the Department of
Biochemistry and Molecular Biology:. .................... 15
(1) One of the following courses: ............ccouvnen... 1
BCH 100 Current Issues in Biochemistry .......... 1
BCH 101 Frontiers in Biochemistry............... 1

(2) All of the following courses:



BCH 461 BiochemistryI........................ 3
BCH 462 Biochemistry IT ....................... 3
BCH 471 Biochemistry Laboratory (W) ............ 3

BCH 472 Biochemistry Laboratory
BCH 495 Undergraduate Seminar
The completion of Biochemistry 495 fulfills the depart-
ment's capstone course requirement.

BIOCHEMISTRY/BIOTECHNOLOGY

Bachelor of Science

The Bachelor of Science program in Biochemistry/Biotechnol-
ogy is intended primarily for those students who plan to pur-
sue careers in industry, veterinary medicine, or related health
sciences, or for students who plan advanced study in biotech-
nology and molecular biology.

Students in the Biochemistry/Biotechnology program may
study the biochemistry and molecular genetics of plants and
animals; the metabolism and toxicology of pesticides, food ad-
ditives, and other compounds in the food chain; and the devel-
opment of new biotechnologies. Students must complete the
requirements for one of the following three emphasis areas:
plant and animal sciences, microbiology, or processing.

Requirements for the Bachelor of Science Degree
in Biochemistry/Biotechnology

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Biochemistry/Biotech-
nology.

The University's Tier II writing requirement for the Biochemistry/ Biotechnol-
ogy major is met by completing Biochemistry 471. That course is referenced in
item 3 b. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science
degree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

CREDITS
3. The following requirements for the major:
a. Competency in a foreign language equivalent to the completion
f two 100-level courses at Michigan State University ....... 0to8
b. All of the following courses: ...............cciiunienen... 68
BCH 461 BiochemistryI........ ... ... cooiiiin... 3
BCH 462 Biochemistry IT .. ... ... ... ......coviv... 3
BCH 471 Biochemistry Laboratory (W) ................ 3
BCH 495 Undergraduate Seminar.................... 2
BS 110 Organisms and Populations ................. 4
BS 111 Cellsand Molecules. ..............c..u.... 3
BS 111L Cell and Molecular Biology Laboratory . ....... 2

CEM 151 General and Descriptive Chemistry . . .
CEM 152 Principles of Chemistry.....................
CEM 161 Chemistry Laboratory I.....................
CEM 162 Chemistry Laboratory IT....................
CEM 262 Quantitative Analysis......................
CEM 351 Organic Chemistry I .......................
CEM 352 Organic Chemistry IT ... ... ... .. .......
CEM 355 Organic Laboratory I.......................
CEM 356 Organic Laboratory IT......................
CEM 383 Introductory Physical Chemistry I
CHE 201 Material and Energy Balances...............

CSE 101 Computing Concepts and Competencies ....... 3
MIC 445 Basic Biotechnology
MTH 132 CalculusI....... ...,
MTH 133 Calculus II

PHY 183 Physics for Scientists and Engineers I......... 4
PHY 184 Physics for Scientists and Engineers IT........ 4
c. One of the following courses: ............. .. ... ooio... 1
BCH 100 Current Issues in Biochemistry .............. 1
BCH 101 Frontiers in Biochemistry................... 1
d. One of the following courses: ............. ... .......... 3or4
BCH 472 Biochemistry Laboratory.................... 3
BOT 416 Experiments in Plant Physiology and
Molecular Biology. ........... ... ... 4
CSS 451 Cellular and Molecular Principles and
Techniques for Plant Sciences.............. 4
MIC 408 Advanced Microbiology Laboratory ........... 3
e. One of the following courses: ............. ... .......... 3or4
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CSS 350 Introduction to Plant Genetics . .............. 3
ZOL 341 Fundamental Genetics ..................... 4
f. At least 8 credits from the following emphasis areas, at least
6 credits of which must be in one of the areas: ............. 8
(1) Microbiology:
FSC 440 Food Microbiology ..................... 3
FSC 441 Food Microbiology Laboratory ........... 1
MIC 801 Introductory Microbiology............... 3
MIC 302 Introductory Microbiology Laboratory . .. .. 1
MIC 421 Prokaryotic Cell Physiology ............. 3
MIC 431 Microbial Genetics. .........c.oovuvvnn .. 3
(2) Plant and Animal Sciences:
ANS 407 Food and Animal Toxicology............. 3
ANS 407L Toxicology Methods Laboratory .......... 2
BOT 336 UsefulPlants......................... 3
BOT 405 Introductory Plant Pathology ............ 4
BOT 415 Plant Physiology: Growth, Development
and the Environment. . ............... 3
CSS 441 Plant Breeding and Biotechnology .. ... ... 4
FOR 422 Woody Plant Genetics . ................. 3
HRT 486 Biotechnology in Agriculture: Applications
and Ethical Issues . .................. 3
ZOL 342 Advanced Genetics. .................... 3
ZOL 343 Genetics Laboratory ................... 2
(8) Processing:
ANS 407 Food and Animal Toxicology............. 3
ANS 407L Toxicology Methods Laboratory .......... 2
ENT 442 Concepts of Biological Information
Systems ... ... 3
FE 329 Fundame ntals of Food Engineering . ... .. 3
FSC 440 Food Microbiology ..................... 3
FSC 441 Food Microbiology Laboratory ........... 1
GRADUATE STUDY

The Department of Biochemistry and Molecular Biology is ad-
ministered jointly by the colleges of Natural Science, Human
Medicine, and Osteopathic Medicine. Study for the Master of
Science or Doctor of Philosophy degree with a major in bio-
chemistry may be administered by any one of the three col-
leges referenced above. Study for the Doctor of Philosophy
degree with a major in biochemistry—environmental toxicol-
ogy is administered by the College of Natural Science.

Areas of active research in the department are extensive
and diverse. Such areas include biochemical genetics, plant
biochemistry, biochemistry of development, biochemical in-
strumentation, protein structure, cell biology, eukaryotic and
prokaryotic molecular biology, intermediary metabolism and
metabolic regulation, membrane biochemistry and signalling
mechanisms, and mechanisms of enzyme catalysis. Opportu-
nities are also available for joint programs or research in ge-
netics, neuroscience, toxicology, biotechnology, microbial
ecology, and plant sciences.

Students who are enrolled in the Doctor of Philosophy de-
gree program with a major in biochemistry may elect a spe-
cialization in biotechnology. For additional information, refer
to the statement on the specialization.

BIOCHEMISTRY

The major objectives of the graduate programs in biochemis-
try are to help students to develop their creative potential and
to prepare them for careers in research and teaching in the
biochemical sciences. Students' programs of study are de-
signed to develop independent thought as well as broad
knowledge and technical skills, through formal and informal
courses, laboratory experience, seminars, individual study,
and, foremost, through original research that forms the basis
for the student's thesis or dissertation.

Master of Science

In addition to meeting the requirements of the University and
of the College of Natural Science, Human Medicine, or Osteo-

20



NATURAL SCIENCE
Department of Biochemistry and Molecular Biology

pathic Medicine, students must meet the requirements speci-
fied below.

Admission

Persons with bachelor's degrees in chemistry, biochemistry, or
any of several biological, physical, medical, or agricultural sci-
ences are invited to apply for admission. Undergraduate
preparation should include courses in general, organic, ana-
lytical, and physical chemistry, and in physics, general biol-
ogy, basic biochemistry, and mathematics through calculus.
Minor deficiencies may be rectified by taking appropriate un-
dergraduate courses concurrently with graduate courses.

Requirements for the Master of Science Degree
in Biochemistry

A total of 30 credits is required for the degree under either
Plan A (with thesis) or Plan B (without thesis). Most students
earn the degree under Plan A. A student may pursue Plan B
only with the approval of the department's Director of Gradu-
ate Studies and chairperson. Such approval is granted only in
exceptional cases. The program of study is planned by the stu-
dent and the major professor. Specific courses in biochemis-
try, as well as courses in other areas considered relevant to the
student's interests and chosen research area, are included in
the program.

Doctor of Philosophy

In addition to meeting the requirements of the University and
of the College of Natural Science, Human Medicine, or Osteo-
pathic Medicine, students must meet the requirements speci-
fied below.

Admission

Person's with a bachelor's or master's degree in chemistry, bio-
chemistry, or any of several biological, physical, medical, or
agricultural sciences are invited to apply for admission. Un-
dergraduate preparation should include courses in general,
organic, analytical, and physical chemistry, and in physics,
general biology, basic biochemistry, and mathematics through
calculus. Minor deficiencies may be rectified by taking appro-
priate undergraduate collateral courses concurrently with
graduate courses.

Requirements for the Doctor of Philosophy Degree
in Biochemistry

The program of study is planned by the student in consultation
with the major professor and a guidance committee. Specific
courses in biochemistry, as well as courses in other areas con-
sidered relevant to the student's interests and chosen research
area, are included in the program.

It is expected that the dissertation will show original treat-
ment of an important research problem, will give evidence of
independent thought, and will be clearly, logically, and care-
fully written. It is also expected that the research on which the
dissertation is based will be published in the scientific litera-
ture.
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BIOCHEMISTRY—ENVIRONMENTAL TOXICOLOGY

Doctor of Philosophy

For information about the Doctor of Philosophy degree pro-
gram in biochemistry—environmental toxicology, refer to the
statement on Multidepartmental Doctoral Programs in Envi-
ronmental Toxicology in the Graduate Education section of
this catalog.

DEPARTMENT of BOTANY
and PLANT PATHOLOGY

Raymond Hammerschmidt, Acting Chairperson

The Department of Botany and Plant Pathology is adminis-
tered jointly by the College of Natural Science and the College
of Agriculture and Natural Resources.

The field of plant biology, also referred to as botany, con-
cernsitself with the study of the structure, function, evolution,
distribution, and classification of plants. The physiological,
molecular, and biochemical mechanisms; systematics; devel-
opment; inheritance; ecology; and geological history of plants
are areas of plant biology pertinent to solving problems funda-
mental to all living organisms. Botanical research also con-
tributes basic knowledge toward the discovery and
improvement of plants for human use.

Plant pathology is concerned with fundamental relation-
ships involving the diseased plant. This includes study of the
interaction between the plant, its environment, and in most
instances a microorganism or virus. Ecological, morphologi-
cal, biochemical, and physiological aspects of disease develop-
ment are studied in the more specialized fields of molecular
biology, cellular biology, virology, bacteriology, mycology, ge-
netics, and others. Plant pathological research also contrib-
utes to fundamental biology, as well as to practical plant
disease control.

UNDERGRADUATE PROGRAMS

The Department of Botany and Plant Pathology offers two
Bachelor of Science degree programs: one in botany and plant
pathology and one in environmental biology/botany and plant
pathology.

BOTANY AND PLANT PATHOLOGY

The Bachelor of Science degree program with a major in bot-
any and plant pathology is designed for students who plan to
pursue careers in plant biotechnology firms, nurseries, bo-
tanical gardens, museums, herbaria, agricultural extension,
or research laboratories, or who plan to pursue graduate study
in the field of plant biology of plant pathology.

The following specializations are available to students who
are enrolled in the botany and plant pathology program: (a)
General Botany; (b) Ecology, Systematics, and Evolution; (c)
Pathology and Mycology; (d) Physiology and Molecular Biol-
ogy; (e) Anatomy and Cell Biology; (f) Plant Protection; and (g)
Botanical Gardens and Conservatories.



Requirements for the Bachelor of Science Degree
in Botany and Plant Pathology

1.

! Both Zoology 355 and 355L combined, or Botany and Plant Pathology 441, must be com-

The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Botany and Plant Pa-
thology.

The University's Tier IT writing requirement for the Botany and Plant Pathology
major is met by completing Botany and Plant Pathology 498 and 499 and one of the
following courses: Botany and Plant Pathology 301, 405, 407, 416, or 441 or Zool-
ogy 3535L. Those courses are referenced in items 3. e. and 3. g. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced inrequirement 3. below may be used to sat-
isfy the alternative track.

The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

The following requirements for the major:
CREDITS
a. One of the following groups of courses (8 or 9 credits):
(1) BOT 105 PlantBiology .........ccoviiiiinin... 3
BOT 106 Plant Biology Laboratory ............... 1
BS 110 Organisms and Populations ............. 4
(2) BOT 105 PlantBiology ............. ..o ... 3
BOT 106 Plant Biology Laboratory ............... 1
BS 111 Cellsand Molecules.................... 3
BS  111L Cell and Molecular Biology Laboratory . . .. 2
3y BS 110 Organisms and Populations . ............ 4
BS 111 CellsandMolecules. ................... 3
BS  111L Cell and Molecular Biology Laboratory . . . . 2
(4) LBS 144 Biology I: Organismal Biology ........... 4
LBS 145 Biology II: Cellular and Molecular Biology . 4
b. One of the following pairs of courses (7 credits):
(1) CEM 141 General Chemistry .................... 4
CEM 142 General and Inorganic Chemistry ........ 3
(2) CEM 151 General and Descriptive Chemistry ...... 4
CEM 152 Principles of Chemistry................. 3
c. One of the following pairs of courses (6 to 8 credits):
(1) BCH 200 Introduction to Biochemistry ............ 4
CEM 143 Survey of Organic Chemistry ............ 4
(2) CEM 251 Organic Chemistryl ................... 3
CEM 252 Organic Chemistry II................... 3
(83) BCH 200 Introduction to Biochemistry ............ 4
CEM 251 Organic Chemistry I ................... 3
d. One of the following pairs of courses (6 to 8 credits):
(1) MTH 182 CaleulusT........ ..., 3
MTH 133 CaleulusII............ .. ... ... ..... 4
(2) MTH 124 Survey of Calculus with Applications T . ... 3
MTH 126 Survey of Calculus with Applications II. . . . 3
(3) MTH 132 CaleulusI........... ..., 3
STT 331 Statistics for Scientists ................. 3
e. All of the following courses (14 credits):
BOT 498 Undergraduate Research ................... 3
BOT 499 Senior Seminar ..............ccoivvnnen... 2
CEM 161 Chemistry Laboratory I..................... 1
PHY 231 Introductory PhysiesI...................... 3
PHY 232 Introductory PhysiesII..................... 3
PHY 251 Introductory Physics LaboratoryI............ 1
PHY 252 Introductory Physics Laboratory I ........... 1
f. One of the following courses (3 or 4 credits):
ZOL 341 Fundamental Genetics ..................... 4
CSS 350 Introduction to Plant Genetics . .............. 3
g. One of the following seven concentrations:
General Botany (22 to 26 credits)
(1) One course from each of the following groups
(16 to 18 credits):
(a) Structure
BOT 202 The Plant Kingdom ................ 3
BOT 402 Biologyof Fungi................... 3
BOT 434 Plant Structure and Function. .. ..... 4
(b) Ecology
BOT 441 PlantEcology..........cooovvinn... 3
ZOL 355 Ecology' .......oiiiiiiiii 3
ZOL  355L Ecology Laboratory’. ............... 1
(c) Systematics
BOT 218 Plants of Michigan................. 3
BOT 418 Plant Systematics ................. 3
(d) Physiology
BOT 301 Introductory Plant Physiology ....... 3
BOT 412 Environmental Plant Physiology .. ... 3
BOT 414 Plant Physiology: Metabolism. . ... ... 3
BOT 415 Plant Physiology: Growth,
Development and the Environment . 3
(e) Pathology
BOT 405 Introductory Plant Pathology........ 4
BOT 407 Diseases and Insects of Forest
and Shade Trees ................ 4

(2) Two additional 300—400 level science courses (6 to 8 credits).

pleted to satisfy this requirement.

NATURAL SCIENCE
Department of Botany and Plant Pathology

Anatomy and Cell Biology (25 to 29 credits)
(1) All of the following courses (10 credits):

BOT 202 The Plant Kingdom .................... 3
BOT 434 Plant Structure and Function............ 4
MIC 409 FEukaryotic Cell Biology................. 3
(2) One course from each of the following groups of courses
(12 to 15 credits):
(a) BOT 801 Introductory Plant Physiology ....... 3
BOT 416 Experiments in Plant Physiology and
Molecular Biology ............... 4
(b) BOT 414 Plant Physiology: Metabolism. ....... 3
BOT 415 Plant Physiology: Growth, Development
and the Environment. . ........... 3
(¢0 BOT 218 Plantsof Michigan................. 3
BOT 418 Plant Systematics ................. 3
BOT 441 Plant Ecology........ ... 3
ZOL 355 Ecology' ........... 3
ZOL  355L Ecology Laboratory' 1
(d) BCH 200 Introduction to Biochemistry ........ 4
BCH 401 Basic Biochemistry ................ 4
BCH 461 BiochemistryI.................... 3

(8) One additional 300—400 level science course (3 or 4 credits).

! Both Zoology 355 and 355L combined, or Botany and Plant Pathology 218 or 418 or 441,

must be completed to satisfy this requirement.

Botanical Gardens and Conservatories (28 or 29 credits)
(1) All of the following courses (15 credits):
AL 485 Museum Studies ......................
BOT 418 Plant Systematics .....................
BOT 495 Botanical Garden Internship ............
CSS 210 Fundamentals of Soil and
Landscape Science .. ................
HRT 221 Greenhouse Structures and Management . .
(2) One of the following courses (3 credits):
BOT 301 Introductory Plant Physiology ...........
BOT 412 Environmental Plant Physiology .........
BOT 415 Plant Physiology: Growth, Development
and the Environment. ..................
(8) One of the following courses (4 credits):
BOT 405 Introductory Plant Pathology............ 4
BOT 407 Diseases and Insects of Forest
and Shade Trees ...................... 4
(4) Two of the following courses (6 or 7 credits):
BOT 336 UsefulPlants.................coviv...
ENT 404 Insects: Success in Biodiversity..........
ENT 477 Pest Management [: Pesticides
in Management Systems. ...............
Landscape Plants I ....................
Landscape Plants IT. . ..................
FOR 460 Arboriculture .................
FOR 461 Urban Forestry
Ecology, Systematics and Evolution (22 to 28 credits)
(1) All of the following courses (10 credits):
BOT 441 PlantEcology.........covvuiiiinnninn..
ZOL 355 ECOlOgY . . evoviii e
ZOL 355L Ecology Laboratory ....................
ZOL 445 Evolution ............. ... ... ... .....
(2) One course from each of the following groups of courses
(6 or 7 credits):
(a) BOT 202
BOT 335
BOT 402
BOT 434
(by BOT 301
BOT 412
BOT 414
BOT 415
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The Plant Kingdom .. ..............
Plants Through Time. ..............
Biology of Fungi...................
Plant Structure and Function. .. .....
Introductory Plant Physiology . .. ....
Environmental Plant Physiology . . ...
Plant Physiology: Metabolism. .......
Plant Physiology: Growth, Develop—
ment and the Environment. .......
(8) One of the following options (3 or 7 credits):
(a) BOT 418 Plant Systematics
(by BOT 218 Plants of Michigan
BOT 423 Wetland Plants and Algae...........
(4) One additional 300400 level science course (3 or 4 cred-
its).
Pathology and Mycology (25 to 28 credits)
(1) All of the following courses (13 credits):
BOT 402 Biologyof Fungi...............covvv...
BOT 405 Introductory Plant Pathology ............
BOT 418 Plant Systematics .......
MIC 801 Introductory Microbiology
(2) One course from each of the following groups of courses
(9 to 11 credits):
(a) BOT 202
BOT 434
(by BOT 301
BOT 414
BOT 415

QO Lo Lo W= WO WO

wW

= ww

QoL = o

The Plant Kingdom .. ..............
Plant Structure and Function. .......
Introductory Plant Physiology . ......
Plant Physiology: Metabolism. . ......
Plant Physiology: Growth Development
and the Environment. ............
Introduction to Biochemistry ........
BCH 401 Basic Biochemistry ................

BCH 461 BiochemistryI....................

(8) One additional 300—400 level science course (3 or 4 cred-

its).
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Physiology and Molecular Biology (21 to 26 credits):
(1) Three of the following courses (9 or 10 credits):
BOT 301 Introductory Plant Physiology ........... 3
BOT 414 Plant Physiology: Metabolism. .. .........
BOT 415 Plant Physiology: Growth, Development
and the Environment. . ...............
BOT 416 Experiments in Plant Physiology and
Molecular Biology ................... 4
(2) Two of the following courses (6 to 8 credits):
BOT 202 The Plant Kingdom ....................
BOT 402 Biologyof Fungi.......................
BOT 405 Introductory Plant Pathology ............
BOT 418 Plant Systematics ...........c.covvvn...
BOT 434 Plant Structure and Function............
BOT 441 PlantEcology.........................
MIC 409 FEukaryotic Cell Biology.................
Both Zoology 355 and 3551 combined may be substituted
for one of the courses listed above in partial fulfillment of
this requirement.
(8) One of the following courses (3 or 4 credits):
BCH 200 Introduction to Biochemistry ............
BCH 401 Basic Biochemistry ....................
BCH 461 BiochemistryI........... ... ... ... ....
(4) One additional 300—400 level science course (3 or 4 cred-
its).
Plant Protection (30 credits)
(1) All of the following courses (21 credits):
BOT 301 Introductory Plant Physiology ...........
BOT 402 Biologyof Fungi...................c....
BOT 405 Introductory Plant Pathology............
ENT 404 Insects: Success in
Biodiversity ............ .. ...
ENT 477 Pest Management I: Pesticides in
Management Systems ... .............
ZOL 355 ECOlogy .. ...viviiiii i
ZOL 355L Ecology Laboratory ....................
(2) One course from each of the following groups of courses
(9 credits):
(a) CSS 402 Principles of Weed Science .. ........
ENT 470 General Nematology (W)............
ENT 478 Pest Management II: Biological Compo—
nents of Management Systems (W) .
FW 328 Vertebrate Pest Control ............
(b) CSS 101 Introduction to Crop Science.........
FOR 202 Introduction to Forestry ............
(¢) BOT 218 Plantsof Michigan.................
BOT 418 Plant Systematics .................
Upon completion of the required courses for one of the seven concentrations ref-
erenced above, the student should contact the Department of Botany and Plant
Pathology and request certification for the completion of the concentration. Af-
ter the certification is approved by the Dean of the College of Natural Science,
the Office of the Registrar will enter on the student's academic record the name
of the concentration and the date that it was completed. This certification will
appear on the student's transcript.
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ENVIRONMENTAL BIOLOGY/BOTANY AND PLANT
PATHOLOGY

The Bachelor of Science degree program in environmental bi-
ology/botany and plant pathology is designed for students who
plan to pursue careers involving plants and the environment
or who plan to pursue graduate study in the biological sci-
ences. Graduates may be employed in nature organizations,
environmental impact firms, or government.

Requirements for the Bachelor of Science Degree
in Environmental Biology/ Botany and Plant Pathology

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Environmental Biol-
ogy/Botany and Plant Pathology.

The University's Tier II writing requirement for the Environmental Biology/Bot-
any and Plant Pathology major is met by completing the following courses: Botany
and Plant Pathology 423, 498, and 499 and Zoology 355L. Those courses are refer-
enced in item 3. a. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:
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CREDITS

a. All of the folloWing COUrSES: ... vvr it 47
BOT 423 Wetland Plants and Algae. . ................. 4
BOT 498 Undergraduate Research ................... 3
BOT 499 Senior Seminar .............coveuirnnen... 2
CEM 141 General Chemistry ...........coveeiinninn. 4
CEM 142 General and Inorganic Chemistry ............ 3

CEM 161 Chemistry Laboratory I
CEM 251 Organic Chemistry I .......................
CEM 252 Organic Chemistry II ......................
CSS 210 Fundamentals of Soil and Landscape

SCIENCE © vttt 3
GEO 221 Introduction to Geographic Information ....... 3
MTH 124 Survey of Calculus with Applications I ........ 3
PHY 231 Introductory PhysicsI...................... 3
PHY 232 Introductory PhysiesII..................... 3
PHY 251 Introductory Physics LaboratoryT............ 1
PHY 252 Introductory Physics Laboratory IT ........... 1
STT 231 Statistics for Scientists ..................... 3
ZOL 355 ECOlOZY .« v vee et 3
ZOL  355L Ecology Laboratory .. .........c..ouueuien. . 1
b. One of the following courses: ............. ... .. ....... 3
BOT 218 Plants of Michigan......................... 3
BOT 418 Plant Systematics ... .......ovvuieueennen. . 3
c. One of the following courses: ...........coovuieriennen. . 3
BOT 301 Introductory Plant Physiology ............... 3
BOT 412 Environmental Plant Physiology ............. 3
BOT 415 Plant Physiology: Growth, Development and
the Environment ........................ 3
d. One of the following courses: ...........cooutiernennen. . 3or4
CSS 350 Introduction to Plant Genetics ............... 3
ZOL 341 Fundamental Genetics ..................... 4
e. One of the following courses: ............. ... .......... 4
BOT 405 Introductory Plant Pathology................ 4
BOT 407 Diseases and Insects of Forest and Shade
Trees. ... 4
ENT 404 Insects: Success in Biodiversity.............. 4
f. One of the following courses: ........................... 3or4
FW 410 Upland Ecosystem Management ............. 4
FW 412 Wetland Ecosystem Management ............ 3
FW 444 Conservation Biology. ............c..covvv... 3
g. One of the following groups of courses: ................... 8or9
(1) BS 110 Organisms and Populations ............. 4
BS 111 Cellsand Molecules.................... 3
BS  111L Cell and Molecular Biology Laboratory . ... 2
(2) LBS 144 Biology I: Organismal Biology........... 4
LBS 145 Biology II: Cellular and Molecular Biology 4
(8) BOT 105 PlantBiology ............. ... ... 3
BOT 106 Plant Biology Laboratory ............... 1
BS 110 Organisms and Populations . ............ 4

h. Two 300—400 level courses relating to environmental biology
approved by the Department of Botany and Plant
Pathology . ....... i 6to8

GRADUATE STUDY

The Department of Botany and Plant Pathology is adminis-
tered jointly by the College of Natural Science and the College
of Agriculture and Natural Resources. The department offers
Master of Science and Doctor of Philosophy degree programs
with majors in botany and plant pathology and a Doctor of Phi-
losophy degree program with a major in botany and plant pa-
thology—environmental toxicology through the College of
Natural Science. Those programs are referenced below. The
department also offers Master of Science and Doctor of Phi-
losophy degree programs with majors in plant breeding and
genetics—botany and plant pathology through the College of
Agriculture and Natural Resources. For information about
those programs, refer to the statement on the Department of
Botany and Plant Pathology in the College of Agriculture and
Natural Resources section of this catalog.

The Department of Botany and Plant Pathology is affiliated
with the Doctor of Philosophy degree program with a major in
ecology, evolutionary biology and behavior. For information
about a Doctor of Philosophy degree program that involves
ecology, evolutionary biology and behavior and a major in the
Department of Botany and Plant Pathology, refer to the
statement on the doctoral program in ecology, evolutionary
biology and behavior.

Students who are enrolled in the Doctor of Philosophy de-
gree program with a major in botany and plant pathology may



elect a specialization in biotechnology. For additional infor-
mation, refer to the statement on the specialization.

Students who are enrolled in Master of Science degree pro-
grams in the Department of Botany and Plant Pathology may
elect a specialization in ecology, evolutionary biology and be-
havior. For additional information, refer to the statement on
the specialization.

BOTANY AND PLANT PATHOLOGY

Graduate students in botany and plant pathology may empha-
size one or more of a number of special areas, including anat-
omy, bryology, cell biology, ecology, genetics, molecular
biology, morphology, mycology, paleobotany, physiology, tax-
onomy, and various subdisciplines of plant pathology. Stu-
dents are urged to take courses which provide a broad
background in biological and physical sciences in addition to
training in specialized areas.

Master of Science

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

Regular admission may be granted to those students who have
a bachelor's degree or its equivalent, a 3.00 grade—point aver-
age exclusive of physical education, one year each of chemis-
try, mathematics, and physics, and appropriate training in the
biological sciences.

Provisional admission may be granted to those students
who do not meet the requirements for regular admission.

Requirements for the Master of Science Degree
in Botany and Plant Pathology

The master's degree program in botany and plant pathology is
available under either Plan A (with thesis) or Plan B (without
thesis). The student's program of study is arranged by a guid-
ance committee which includes the major professor.
For either Plan A or Plan B, the student must:
1. Complete at least 30 credits including at least two
graduate—level seminar courses in the biological sciences.
2. Acquire teaching experience by assisting in at least one
course.
Areading knowledge of a foreign language may be required.

Doctor of Philosophy

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

Regular admission may be granted to those students who have
a master's degree or its equivalent, a 3.00 grade—point aver-
age, and appropriate training in the biological sciences. Out-
standing students without a master's degree may be accepted.
Provisional admission may be granted to those students
who do not meet the requirements for regular admission.

NATURAL SCIENCE
Department of Chemistry

Requirements for the Doctor of Philosophy Degree
in Botany and Plant Pathology

All doctoral students in botany and plant pathology must meet

the requirements specified below:

1. Complete at least three graduate—level seminar courses

in the biological sciences.'

2. Pass a preliminary examination.

3. Acquire teaching experience by assisting in two courses.
Doctoral students who specialize in plant pathology must

also complete:

CREDITS

1. All of the following courses:

BOT 405 Introductory Plant Pathology .................... 4
BOT 801 Seminar in Plant Pathology’. .. .................. 2
BOT 810 Current Concepts in Plant Pathology. ............. 3

2. One of the following courses:

BOT 812 Epidemiology of Plant Diseases .................. 3
BOT 881 Molecular and Biochemical Plant Pathology . ....... 3
BOT 885 Plant Diseasesinthe Field...................... 2
3. Two of the following courses:
BOT 847 Advanced Mycology.............. ... ..., 5
BOT 880 PlantVirology ...........o it 4
BOT 884 Prokaryotic Diseases of Plants .. ................. 4
ENT 870 Plant Nematology ........... ... .. 3

1 .. . - .
For doctoral students who specialize in plant pathology, the completion of 2 credits of Bot-
any and Plant Pathology 801 satisfies two of the required three graduate—level seminars
in the biological sciences.

Additional requirements, such as reading knowledge of one or two foreign lan-
guages, may be specified by the guidance committee.

BOTANY AND PLANT PATHOLOGY—
ENVIRONMENTAL TOXICOLOGY

Doctor of Philosophy

For information about the Doctor of Philosophy degree pro-
gram in botany and plant pathology—environmental toxicol-
ogy, refer to the statement on Multidepartmental Doctoral
Programs in Environmental Toxicology in the Graduate Edu-
cation section of this catalog.

DEPARTMENT of
CHEMISTRY

Katherine C. Hunt, Chairperson

Chemistry is the science concerned with substances—their
properties, composition and reactions. Four principal areas
may be defined: analytical, inorganic, organic and physical
chemistry. Chemists are employed in such diverse industries
as rubber, leather, dye, explosives, drugs, plastics, adhesives,
paint, metals, glass, cement, insecticides, textiles, petroleum,
soap, paper, semi—conductors and cosmetics. Synthesis of new
organic and inorganic chemicals is of basic importance to all
chemistry. Sales of most drug and plastic companies, for ex-
ample, are concentrated in substances unknown ten years
ago. The development of adequate methods for analysis of
these new materials requires constant research on instrumen-
tal and chemical methods of analysis. An understanding of the
rates and equilibria of chemical reactions, thermodynamics
and molecular structure is essential for the development of
new fuels and new industrial processes as well as for the un-
derstanding of many phenomena in nature. Every educated
person should have some knowledge of chemistry, and many
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interesting and rewarding careers require varying amounts of
training in this field.

UNDERGRADUATE PROGRAMS

CHEMISTRY

Bachelor of Science

The degree Bachelor of Science with a major in chemistry is de-
signed to provide a thorough foundation in the various fields of
chemistry and the related sciences, as well as a proper educa-
tional balance in the liberal arts. The program is for students
planning careers in the chemical industries or in governmen-
tal laboratories and for those planning graduate study in
chemistry. The Bachelor of Science degree program in chemis-
try has been accredited by the American Chemical Society.

The completion of one or more semesters of independent re-
search (Chemistry 400H or 420) is strongly recommended for
students in this program.

A detailed description of this program may be obtained from
the department.

Requirements for the Bachelor of Science Degree
in Chemistry

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Chemistry.

The University's Tier II writing requirement for the Chemistry major is met by
completing Chemistry 355, 372, 415, and 472. Those courses are referenced in
items 3. c. (3) and 3. c. (4) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

For students who were admitted to Michigan State University as new freshmen
and new transfer students prior to Fall 1993, the completion of the foreign lan-
guage requirement referenced in item 3. below also satisfies the College foreign
language requirement.

3. The following requirements for the major:

CREDITS
a. First—year competency in a foreign language selected from a
list approved by the Department of Chemistry (0 to 8 credits).
b. The following courses outside the Department of Chemistry: . 27 or 28
(1) One of the following courses (3 or 4 credits):
BOT 105 PlantBiology ......................... 3
BS 110 Organisms and Populations ............. 4
BS 111 Cellsand Molecules.................... 3
ENT 205 Pests, Society and Environment. ......... 3
MIC 205 Allied Health Microbiology . ............. 3
PSL 250 Introductory Physiology ................ 4
ZOL 141 Introductory Human Genetics ........... 3
(2) All of the following courses (24 credits):
MTH 132 CaleulusI............. .. ... ... ..... 3
MTH 133 CalculusII......... ... it 4
MTH 234 Multivariable CaleulusI................ 4
MTH 235 Multivariable Calculus IT and
Differential Equations. ............... 3
PHY 183 Physics for Scientists and Engineers 1. . ... 4
PHY 184 Physics for Scientists and Engineers IT .. .. 4
PHY 191 Physics Laboratory for Scientists, I ....... 1
PHY 192 Physics Laboratory for Scientists, IT ... ... 1
c The following courses in the Department of Chemistry:. .. ... 42 to 44

(1) One of the following pairs of courses (7 or 8 credits):
(a) CEM 151 General and Descriptive Chemistry. .. 4

CEM 152 Principles of Chemistry............. 3
(b) CEM 181H Honors Chemistry I................ 4
CEM 182H Honors Chemistry IT............... 4
(2) One of the following pairs of courses (3 or 4 credits):
(a) CEM 162 Chemistry Laboratory II............ 1
CEM 262 Quantitative Analysis.............. 2
(by CEM 185H Honors Chemistry Laboratory I ...... 2
CEM 186H Honors Chemistry Laboratory I ... .. 2

(8) All of the following courses (29 credits):
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CEM 351 Organic Chemistry I ................... 3
CEM 352 Organic Chemistry IT................... 3
CEM 355 Organic LaboratoryI................... 2
CEM 356 Organic Laboratory IT.................. 2
CEM 361 Analytical-Physical Chemistry I ......... 3
CEM 362 Analytical-Physical Chemistry II. ........ 3
CEM 372 Analytical-Physical Chemistry

Laboratory I........................ 3
CEM 411 Inorganic Chemistry ................... 4
CEM 461 Theoretical Chemistry.................. 3
CEM 472 Analytical-Physical Chemistry

Laboratory IT . ...................... 3

(4) The following capstone course (3 credits):
CEM 415 Advanced Synthesis Laboratory.......... 3
Bachelor of Arts

Many occupations require a moderate training in chemistry
combined with training in one or more other areas. Accord-
ingly, the Bachelor of Arts degree is intended for the students
desiring a lesser degree of specialization than required for the
Bachelor of Science degree. Students who desire chemistry as
a major in the programs of premedicine, predentistry and pre-
law, or as training for many professional or industrial posi-
tions, may elect this program. Ample opportunity in the choice
of electives is provided for students who are planning to obtain
positions such as the following: technical secretaries, techni-
cal librarians, technical sales personnel, chemical patent law-
yers, and criminologists. Additional collateral work may be
necessary if this program is presented for admission to a
school of graduate studies. A more detailed statement may be
obtained from the Department of Chemistry.

Requirements for the Bachelor of Arts Degree in Chemistry

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Arts degree in Chemistry.

The University's Tier II writing requirement for the Chemistry major is met by
completing Chemistry 333 and 410. Those courses are referenced in items 3. c. (3)
and 3. c. (4) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Arts degree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

For students who were admitted to Michigan State University as new freshmen
and new transfer students prior to Fall 1993, the completion of the foreign lan-
guage requirement referenced in item 3. below also satisfies the College foreign
language requirement.

3. The following requirements for the major:

CREDITS
a. First—year competency in a foreign language selected from a
list approved by the Department of Chemistry (0 to 8 credits).
b. The following courses outside the Department of Chemistry: . 19 or 20
(1) One of the following courses (3 or 4 credits):
BOT 105 PlantBiology .........coovviviiin. . 3
BS 110 Organisms and Populations ............. 4
BS 111 Cellsand Molecules.................... 3
ENT 205 Pests, Society and Environment. ......... 3
MIC 205 Allied Health Microbiology . ............. 3
PSL 250 Introductory Physiology ................ 4
ZOL 141 Introductory Human Genetics ........... 3
(2) All of the following courses (16 credits):
MTH 132 CaleulusI............. .. ... ... ..... 3
MTH 133 CaleulusII............ ... ... ... ... .. 4
PHY 231 Introductory PhysicsI.................. 3
PHY 232 Introductory PhysicsII................. 3
PHY 251 Introductory Physics Laboratory I........ 1
PHY 252 Introductory Physics Laboratory IT ....... 1
c The following courses in the Department of Chemistry:. .. ... 34 to 36
(1) One of the following pairs of courses (7 or 8 credits):
(a) CEM 141 General Chemistry ................ 4
CEM 142 General and Inorganic Chemistry .... 3
(b) CEM 151 General and Descriptive Chemistry. .. 4
CEM 152 Principles of Chemistry............. 3
(¢) CEM 181H Honors Chemistry I................ 4
CEM 182H Honors Chemistry IT............... 4
(2) One of the following pairs of courses (3 or 4 credits):
(a) CEM 162 Chemistry Laboratory IT............ 1
CEM 262 Quantitative Analysis.............. 2



(by CEM 185H Honors Chemistry Laboratory I ...... 2

CEM 186H Honors Chemistry Laboratory II .. ... 2

(38) All of the following courses (21 credits):

CEM 251 Organic Chemistry I ................... 3
CEM 252 Organic Chemistry IT................... 3
CEM 255 Organic Chemistry Laboratory........... 2
CEM 333 Instrumental Methods.................. 3
CEM 383 Introductory Physical Chemistry I........ 3
CEM 384 Introductory Physical Chemistry IT....... 3
CEM 411 Inorganic Chemistry ................... 4

Two of the following courses may be substituted for Chem-
istry 883 and 384: Chemistry 361, 362, 461.

(4) The following capstone course (3 credits):
CEM 410 Literature and Writing in Chemistry. .. ... 3

CHEMICAL PHYSICS

Bachelor of Science

The major in Chemical Physics provides a strong foundation in
chemistry, physics and mathematics for those students who
have a professional interest in the areas of overlap between
chemistry and physics. It is particularly suitable for students
planning to pursue a graduate degree in the area of chemical
physics.

A detailed description of this program may be obtained from
either the Department of Physics and Astronomy or the De-
partment of Chemistry.

Requirements for the Bachelor of Science Degree
in Chemical Physics

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Chemical Physics.

The University's Tier II writing requirement for the Chemical Physics major is
met by completing Chemistry 499. That course is referenced in item 3. c. (6) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

For students who were admitted to Michigan State University as new freshmen
and new transfer students prior to Fall 1993, the completion of the foreign lan-
guage requirement referenced in item 3. below also satisfies the College foreign
language requirement.

3. The following requirements for the major:

CREDITS
a. First—year competency in a foreign language selected from a
list approved by the Department of Chemistry (0 to 8 credits).
b. The following courses outside the Department of Chemistry: . 42 to 45

(1) One of the following courses (3 or 4 credits):

BOT 105 PlantBiology .........coovviiiinin... 3
BS 110 Organisms and Populations ............. 4
BS 111 Cellsand Molecules.................... 3
ENT 205 Pests, Society and Environment. ......... 3
MIC 205 Allied Health Microbiology . ............. 3
PSL 250 Introductory Physiology ................ 4
ZOL 141 Introductory Human Genetics ........... 3

(2) All of the following courses (24 credits):
MTH 132 CaleulusI............ .. ... ... .....
MTH 133 CaleulusII...................
MTH 234 Multivariable Calculus I
MTH 235 Multivariable Calculus II and Differential

Equations. .............. ... .. ..., 3
PHY 191 Physics Laboratory for Scientists, I ....... 1
PHY 192 Physics Laboratory for Scientists, IT ... ... 1
PHY 321 Classical MechanicsI .................. 3
PHY 471 Quantum PhysiesT .................... 3
PHY 481 Electricity and MagnetismI............. 3

(3) Two of the following courses (6 credits):
MTH 310 Abstract Algebra I and Number Theory. ... 3

MTH 814 Linear Algebral....................... 3
MTH 820 AnalysisT............... ... ......... 3
MTH 851 Elements of Numerical Analysis. . ........ 3
MTH 421 AnalysisII......... ... ... cociiinn... 3
MTH 425 Complex Analysis ..........ccccvvenn... 3

NATURAL SCIENCE
Department of Chemistry

MTH 441 Ordinary Differential Equations. . ........ 3
MTH 442 Partial Differential Equations ........... 3
MTH 443 Boundary Value Problems for Engineers. .. 3
MTH 451 Numerical AnalysisI................... 3

(4) One of the following pairs of courses (6 or 8 credits):
(a) PHY 183 Physics for Scientists and
Engineers, I ................. ... 4
PHY 184 Physics for Scientists and
Engineers, IT ...................
(b) PHY 193H Honors Physics [-Mechanics
PHY 294H Honors Physics II-Electromagnetism . 3
(5) One of the following courses (3 credits):

PHY 215 Thermodynamics and Modern Physics. .. .. 3
PHY 831 Optics...covvnineie e 3
PHY 410 Th ermal and Statistical Physics ......... 3
PHY 422 Classical Mechanies II.................. 3
PHY 472 Quantum PhysiesII.................... 3

PHY 482 Electricity and Magnetism IT ............ 3
c. The following courses in the Department of Chemistry:. ... .. 30 to 33
(1) One of the following pairs of courses (7 or 8 credits):
(@) CEM 151 General and Descriptive Chemistry . . . 4
CEM 152 Principles of Chemistry
(by CEM 181H Honors Chemistry I........
CEM 182H Honors Chemistry IT...............
(2) One of the following pairs of courses (2 or 4 credits):

@

(a) CEM 161 Chemistry Laboratory I............. 1
CEM 162 Chemistry Laboratory IT............ 1
(by CEM 185H Honors Chemistry Laboratory I...... 2
CEM 186H Honors Chemistry Laboratory II ... .. 2
(38) Sixcredits in organic chemistry courses other than Chem-
istry 143.
(4) One of the following courses (3 credits):
CEM 333 Instrumental Methods.................. 3
CEM 372 Analytical-Physical Chemistry
Laboratory I........................ 3
CEM 472 Analytical-Physical Chemistry
Laboratory IT . ...................... 3
(5) Two of the following courses (6 credits):
CEM 361 Analytical-Physical Chemistry I ......... 3
CEM 362 Analytical-Physical Chemistry II. ........ 3
CEM 461 Theoretical Chemistry. ................. 3
(6) Both of the following courses (6 credits):
CEM 411 Inorganic Chemistry ................... 4
CEM 499 Chemical Physics Seminar .............. 2

The completion of Chemistry 499 fulfills the department's
capstone course requirement.

COMPUTATIONAL CHEMISTRY

Bachelor of Science

The Bachelor of Science degree program with a major in
computational chemistry is designed to provide a thorough
foundation in the various fields of chemistry and the related
sciences, as well as a proper educational balance in the liberal
arts. In addition, it provides a means for chemistry majors
with an interest in the application of computers and
computing in chemistry to obtain expertise in computer
fundamentals. The program is for students planning careers
in the chemical industries or in governmental laboratories
and for those planning graduate study in chemistry.

Requirements for the Bachelor of Science Degree in
Computational Chemistry

1. The University requirements for bachelor’s degrees as described in the
Undergraduate Education section of this catalog; 120 credits, including general
elective credits, are required for the Bachelor of Science degree in Computational
Chemistry.

The University’s Tier II writing requirement for the Computational Chemistry
major is met by completing Chemistry 855, 372, 472, and 481. Those courses are
referenced in items 3. b. (3) and 3. b. (4) below.

Students who are enrolled in the College of Natural Science may complete the
alternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to
satisfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS

a. The following courses outside the Department of Chemistry: . 48 or 49
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(1) One of the following courses (3 or 4 credits):

BOT 105 PlantBiology ......................... 3
BS 110 Organisms and Populations ............. 4
BS 111 Cellsand Molecules.................... 3
ENT 205 Pests, Society and Environment. ......... 3
MIC 205 Allied Health Microbiology . ............. 3
PSL 250 Introductory Physiology ................ 4
7ZOL 141 Introductory Human Genetics ........... 3
(2) All of the following courses (45 credits):
CSE 230 Algorithms and Computing. ............. 4

CSE 260 Discrete Structures in Computer Science .. 3
CSE 320 Computer Organization and Assembly

Language Programming . ............. 4
CSE 330 Data Structures and Programming

Concepts. .. ovvvv i 4
MTH 132 CaleulusI............ .. ... ... ..... 3
MTH 133 CaleulusII............ ... ... ... ... .. 4
MTH 234 Multivariable CaleulusI................ 4
MTH 235 Multivariable Calculus IT and

Differential Equations. ... ............ 3
MTH 814 Linear Algebral....................... 3
MTH 851 Elements of Numerical Analysis.......... 3
PHY 183 Physics for Scientists and Engineers 1. . ... 4
PHY 184 Physics for Scientists and Engineers I11....4
PHY 191 Physics Laboratory for Scientists, I....... 1
PHY 192 Physics Laboratory for Scientists, IT ... ... 1

45 to 47
(1) One of the following pairs of courses (7 or 8 credits):
(a) CEM 151 General and Descriptive Chemistry . . . 4

CEM 152 Principles of Chemistry............. 3
(b)y CEM 181H Honors Chemistry I................ 4
CEM 182H Honors Chemistry IT ............... 4
(2) One of the following pairs of courses (3 or 4 credits):
(a) CEM 162 Chemistry Laboratory IT............ 1
CEM 262 Quantitative Analysis.............. 2
(by CEM 185H Honors Chemistry Laboratory I ...... 2
CEM 186H Honors Chemistry Laboratory IT .. ... 2
(8) All of the following courses (32 credits):
CEM 351 Organic Chemistry I ................... 3
CEM 352 Organic Chemistry IT................... 3
CEM 355 Organic Laboratory I................... 2
CEM 361 Analytical-Physical Chemistry I.......... 3
CEM 362 Analytical-Physical Chemistry IT......... 3
CEM 372 Analytical-Physical Chemistry
Laboratory I ....................... 3
CEM 411 Inorganic Chemistry ................... 4
CEM 415 Advanced Synthesis Laboratory.......... 3
CEM 461 Theoretical Chemistry. ................. 3
CEM 472 Analytical-Physical Chemistry
Laboratory IT . ...................... 3
(4) The following capstone course (3 credits):
CEM 481 Computational Chemistry Seminar ... .... 3

TEACHER CERTIFICATION OPTIONS

The chemistry disciplinary majors leading to the Bachelor of
Arts and Bachelor of Science degrees are available for teacher
certification.

A chemistry disciplinary minor is also available for teacher
certification.

Students who elect a chemistry disciplinary major or the
chemistry disciplinary minor must contact the Department of
Chemistry.

For additional information, refer to the statement on
TEACHER CERTIFICATION in the Department of Teacher
Education section of this catalog.

GRADUATE STUDY

The Department of Chemistry offers the graduate degree pro-
grams that are listed below:
Master of Science
Chemistry
Doctor of Philosophy
Chemical Physics
Chemistry
Chemistry—Environmental Toxicology
Descriptions of the degree programs, organized by fields of
study in alphabetical order, are presented below.
Students who are enrolled in the Doctor of Philosophy de-
gree program with a major in chemistry may elect a specializa-
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tion in biotechology. For additional information, refer to the
statement on the specialization.

CHEMICAL PHYSICS

Doctor of Philosophy

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

Only those persons who are enrolled in a Doctor of Philosophy
degree program in the Department of Chemistry or the De-
partment of Physics and Astronomy at MSU may petition the
Committee on Chemical Physics for admission to the doctoral
program in chemical physics.

Requirements for the Doctor of Philosophy Degree
in Chemical Physics

The student must:

1. Pass doctoral comprehensive examinations of the cumu-
lative type. Details about these examinations may be ob-
tained from the department.

2. Complete at least 6 credits in 800—900 level Chemistry
courses.

3. Complete at least 6 credits in 800—900 level Physics and
Astronomy courses.

4. Pass an oral examination on the proposed research.

CHEMISTRY

Master of Science

For the Master of Science program in chemistry, the areas of
study are analytical, inorganic, organic, and physical.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

The student must have a bachelor's degree and an acceptable
grade—point average, and must have had in an undergraduate
program one year each of general, analytical, organic, and
physical chemistry, one year of physics, and one year of calcu-
lus. Deficiencies in the undergraduate program, such as defi-
ciencies in calculus or in foreign language, must be removed
before the degree will be recommended.

Requirements for the Master of Science Degree
in Chemistry

A total of 30 credits are required for the program under either
Plan A (with thesis) or Plan B (without thesis). Most students
earn the degree under Plan A. For Plan A, students are re-
quired to complete 8 credits of master's thesis research and
may be permitted to complete up to 15 credits of master's the-
sis research; approximately two—thirds of the remaining cred-
its are in the major area and the balance is in other areas.
All entering graduate students must take an orientation ex-
amination in each of the four major areas of chemistry and
must ultimately achieve at the doctoral qualifying level in one
area (for students on Plan A, that area must be the one in



which the research is to be performed), and at the minimum
proficiency level established by the department in the other
three areas.

The program is planned by the student and the major pro-
fessor in accordance with the student's desire for earning only
the master's degree or continuing on to the doctorate.

Doctor of Philosophy

Programs for the Doctor of Philosophy degree, based on a
broad and thorough undergraduate program, emphasize
study and original research in one of the following areas: ana-
lytical, inorganic, organic, or physical chemistry, or chemical
physics. Numerous cross—disciplinary research opportunities
involving, for example, biochemistry or the cyclotron labora-
tory, are also available.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

Students holding bachelor's degrees, or master's degrees or
the equivalent, may be admitted for study at the doctoral level
on either a provisional or regular basis. Applicants are ex-
pected to have had in their undergraduate programs one year
each of general, analytical, organic, and physical chemistry,
one year of physics, and one year of calculus or their equiva-
lents. Deficiencies in the undergraduate program must be re-
moved. Admission to the doctoral program is dependent on
having a 3.00 or better grade—point average and upon satisfac-
tory performance on the qualification examinations given in
the areas of analytical, inorganic, organic, and physical chem-
istry.

' The qualification examinations will be waived for students who score at the 75th percen-
tile or higher on the Graduate Record Examination Subject Test in Chemistry.

Requirements for the Doctor of Philosophy Degree
in Chemistry

Satisfactory performance on doctoral comprehensive exami-
nations of the cumulative type is required. Details about these
and the qualification examinations may be obtained from the
department.

Satisfactory performance on two oral examinations, one to
demonstrate research preparedness and the other as a defense
of the dissertation, is required.

CHEMISTRY—ENVIRONMENTAL TOXICOLOGY

Doctor of Philosophy

For information about the Doctor of Philosophy degree pro-
gram in chemistry—environmental toxicology, refer to the
statement on Multidepartmental Doctoral Programs in Envi-
ronmental Toxicology in the Graduate Education section of
this catalog.

NATURAL SCIENCE
Department of Entomology

DEPARTMENT of
ENTOMOLOGY

Edward J. Grafius, Chairperson

The Department of Entomology is administered jointly by the
College of Natural Science and the College of Agriculture and
Natural Resources.

Entomology is the field of biological science concerned with
the study and management of beneficial and harmful insects
and their relatives in relation to other animals, plants, and the
environment. Since insects and their relatives affect so many
human activities, and because they must be studied and man-
aged in such a variety of environments, the entomologist
needs a broad, basic education.

UNDERGRADUATE PROGRAM

The undergraduate program in Entomology leads to the
Bachelor of Science degree. The total program emphasizes the
development of a sound education, with strengths in the
physical and biological sciences necessary to work effectively
in modern entomology. Courses are designed to give the stu-
dent an understanding of the structure, classification, identi-
fication, function, biology, ecology, and management of
beneficial and harmful insects, and the communities and eco-
systems where they occur.

Three concentrations are available within the undergradu-
ate Entomology degree program: general entomology, eco-
nomic plant protection, and natural ecosystem protection.
The general entomology concentration is broader than the
other two options. Many students who select the general ento-
mology concentration plan to pursue graduate study in ento-
mology. The economic plant protection concentration involves
the biology of pests (insects, fungi, bacteria, viruses, nema-
todes, weeds, and vertebrates), with special reference to their
interactions with economic plants; the principles of integrated
pest management; and sustainable agriculture. The natural
ecosystem protection concentration involves the biology, ecol-
ogy, and management of nonagricultural, long—term aquatic
and terrestrial ecosystems, and the use of technology and so-
cial systems to manage them. Students are encouraged to se-
lect the concentration best suited to their interests and career
objectives.

There are opportunities for undergraduate Entomology stu-
dents to carry out research projects in many laboratories. Stu-
dents may also gain work experience in the diverse areas of
entomology through employment during the academic year
and summer.

Requirements for the Bachelor of Science Degree
in Entomology

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Entomology.

The University's Tier II writing requirement for the Entomology major is met by
completing Entomology 470 or 478. Those courses are referenced in item 3. b. be-
low.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science
degree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following major requirements:

28



NATURAL SCIENCE
Department of Entomology

CREDITS
a. One of the following 8 concentrations:
(1) General Entomology (36 credits)

(a) Biological Science: A minimum of 10 credits in
courses in the biological sciences other than Entomol-
ogy including Biological Science 111 and 6 credits
from botany and plant pathology, ecology, genetics,
microbiology, physiology, and zoology. The courses
other than Biological Science 111 must be approved in
writing by the student's academic adviser.

(b) Entomology: A minimum of 19 credits in Entomology
courses and 7 additional credits in entomology or in
fields acceptable to the department as contributing to
the student's development as an entomologist. The
courses must be approved in writing by the student's
academic adviser.

(2) Economic-Plant Protection (35 credits)
(a) All of the following courses (26 credits):
BOT 301 Introductory Plant Physiolog ........ 3
BOT 405 Introductory Plant Pathology ........ 4
CEM 251 Organic Chemistry I ............... 3
CEM 255 Organic Chemistry Laboratory. . ..... 2
ENT 404 General Entomology ............... 4
ENT 442 Concepts of Biological Information
Systems ... 3
ENT 477 Pest Management: Pesticides and
Management Systems ... ......... 3
ZOL 341 Fundamental Genetics ............. 4

(b) One of the following courses (3 credits):

BOT 218 Plants of Michigan................. 3
BOT 418 Plant Systematics ................. 3

(c) One of the following courses (3 credits):

BOT 402 Biologyof Fungi................... 3
CSS 402 Principles of Weed Science . ......... 3
FW 328 Vertebrate Pest Control ............ 3

(d) One of the following courses (3 credits):

CSS 101 Introduction to Crop Science. . ....... 3

FOR 202 Introduction to Forestry ............ 3

HRT 201 Principles of HorticultureI.......... 3
(3) Natural-Ecosystem Protection (40 credits)

(a) All of the following courses (37 credits):

BOT 301 Introductory Plant Physiology ....... 3
BOT 423 Aquatic Plant Biology .............. 4
CEM 251 Organic Chemistry I ............... 3
CEM 255 Organic Chemistry Laboratory. .. .... 2
CSS 210 Fundamentals of Soil and

Landscape Science. .. ............ 3
ENT 404 General Entomology ............... 4
ENT 442 Concepts of Biological

Information Systems............. 3
FW 420 Stream and Aquatic Insect Ecology ... 3
ZOL 250 Ecology ......ooiiiriiinennnninnn 4
ZOL 306 Invertebrate Biology ............... 4
ZOL 341 Fundamental Genetics ............. 4

(b) One of the following courses (3 credits):

BOT 218 Plants of Michigan................. 3
BOT 418 Plant Systematics ................. 3
b. One of the following courses (3 credits):
ENT 470 General Nematology (W)............covin... 3
ENT 478 Pest Management II: Biological Components
of Management Systems (W)............... 3
Entomology 850 may be substituted for one of the courses listed
above with the written approval of the student's academic ad-
viser.
c. The following course (4 credits):
LBS 492 Senior Seminar ...............cciiinin... 4

Upon completion of the required courses for one of the three concentrations ref-
erenced above, the student should contact the Department of Entomology and
request certification for the completion of the concentration. After the certifica-
tion is approved by the Dean of the College of Natural Science, the Office of the
Registrar will enter on the student's academic record the name of the concentra-
tion and the date that it was completed. This certification will appear on the stu-
dent's transcript.

GRADUATE STUDY

The Department of Entomology offers Master of Science and
Doctor of Philosophy degree programs in entomology and in
entomology—urban studies. Entomology also offers a Profes-
sional Integrated Pest Management Master of Science degree
(Plan B). The department offers a Doctor of Philosophy degree
program in entomology—environmental toxicology. Many of
the courses offered in entomology are useful in other disci-
plines in the biological and agricultural sciences.

The Department of Entomology is affiliated with the Doctor
of Philosophy degree program with a major in ecology, evolu-
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tionary biology and behavior. For information about a Doctor
of Philosophy degree program that involves ecology, evolu-
tionary biology and behavior and a major in the Department of
Entomology, refer to the statement on the doctoral program in
ecology, evolutionary biology and behavior.

Students who are enrolled in Master of Science degree pro-
grams in the Department of Entomology may elect specializa-
tions in ecology, evolutionary biology and behavior and in
environmental toxicology. For additional information, refer to
the statement on the specialization in ecology, evolutionary
biology and behavior and to the Graduate Specialization in
Environmental Toxicology statement in the College of Agricul-
ture and Natural Resources section of this catalog.

ENTOMOLOGY

Faculty and facilities are available for study in many subject
areas, including apiculture and pollination, aquatic systems,
behavior, insect biochemistry, biological control, bionomics,
ecology, insect economics, forest entomology, medical ento-
mology, morphology, nematology, population dynamics, in-
sect physiology, pest management on many kinds of crops,
plant disease vectors, systematics, systems science, environ-
mental and analytical toxicology, and urban and ornamental
entomology. Combinations of many of these specialized sub-
ject areas are necessary for all programs of study. Regardless
of specialization, the student's education must provide broad
training in related sciences.

Graduate students in entomology look forward chiefly to
college teaching; research work in some of the many areas
where insects affect our crops and our lives; professional em-
ployment with state, federal, or private agencies or compa-
nies; or employment as pest management consultants.

Master of Science

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

A bachelor's degree with a 3.00 grade—point average for the
last two years of study is required for admission to the mas-
ter's program. Although the applicant need not have an under-
graduate major in entomology for regular admission, training
should have been received in the physical and biological sci-
ences equivalent to that required of an undergraduate ento-
mology major at Michigan State University. Graduate Record
Examination General Test scores are required. Applicants
with a good academic record but with deficiencies in physics,
chemistry, mathematics, or the biological sciences may be ac-
cepted on a provisional basis until deficiencies have been recti-
fied by collateral course work.

Requirements for the Master of Science Degree
in Entomology

Both Plan A (with thesis) and Plan B (without thesis) are
available, but students planning to earn a doctoral degree
must follow Plan A. The student must complete a total of 30
credits for the degree under either Plan A or Plan B. Participa-
tion in the department's teaching program is also required.
Courses and thesis topic are planned on an individual basis
by the student, the student's major professor, and the stu-
dent's guidance committee. At least one prescribed course
from each of the following areas must be a part of the under-



graduate or graduate program: morphology, systematics,
physiology, toxicology, ecology, and applied entomology. A fi-
nal oral examination covering course work, research, and
philosophical issues is required.

INTEGRATED PEST MANAGEMENT

Master of Science

The objective of this program is to train professionals in Inte-
grated Pest Management with the business management and
communication skills necessary for public and private sector
employment. It is designed for students with bachelor's de-
grees in biological or agricultural sciences or for working pro-
fessionals who wish to advance or change their careers.

Admission

In addition to meeting the requirements of the University and
the College of Natural Science, applicants are expected to have
knowledge of computer applications and appropriate curricu-
lar background in crop protection-related fields and crop
production-related fields. Applicants with good academic rec-
ords who lack the expected curricular backgrounds may be ad-
mitted on a provisional basis but will be expected to take
collateral course work.

Requirements for the Master of Science Degree in
Integrated Pest Management
In addition to meeting the requirements of the University and the College of

Natural Science, the student must complete a total of 31 credits for the degree
under Plan B (without thesis).

CREDITS
1. The following requirements for the major: ..................... 31

a. Two of the following core courses (6 credits):

ENT 818 Systematics, Morphology, Biology: Adults. . . ... 3

or
ENT 838 Systematics, Morphology, Biology: Immatures . . 3
ENT 850 InsectPhysiology.......................... 3
or

ENT 851 Plant Nematology ............. ..., 3
b. All of the following courses (19 credits):

ENT 442 Concepts of Biological Information Systems . ... 3

ENT 447 Pest Management I: Pesticides in

Management Systems .. .................. 3
ENT 478 Pest Management II: Biological Components
of Management Systems . ................. 3

ENT 812 Graduate Seminar' ........................ 3

ENT 848 Biological Control of Insects and Weeds. .. ... .. 3

ENT 870 Plant Nematology ......................... 3

ENT 890 Independent Study .................covov... 1
c. A minimum of two of the following courses (6 credits):*

BOT 3862 Management of Turfgras Pests®.............. 4

BOT 407 Diseases and Insects of Forest and Shade

Trees. ..o 4
BOT 413 Virology .. ...couiiriinii i 3
BOT 810 Current Concepts in Plant Pathology. ......... 3
BOT 812 Epidemiology of Plant Diseases .............. 3
BOT 847 Advanced Mycology ........................ 4
BOT 884 Prokaryotic Diseases of Plants o4
BOT 885 Plant Diseasesinthe Field..................
CSS 3810 Soil Management and Environmental Impact” . . 8

CSS 455 Pollutants in the Soil Environment ... ........ 3
CSS 805 Herbicide Action and Metabolism. . ........... 2
ENT 422 Aquatic Entomology . ............cooovvvn... 3
ENT 460 Medical and Veterinary Entomology .......... 3
ENT 470 General Nematology W).................... 3
FOR 819 Advanced Plant Breeding ................... 3
FOR 837 WaterLaw .........oooiiiiiiiinnnn . 3
FOR 838 LandUseLaw ...........oiiiieuinnnnnn.. 3
FOR 864 Agroforestry Systems ...............ccoov... 3
FW 811 Fisheries and Wildlife Laws and Regulations .. . 3
FW 814 Environmental Chemodynamics. ............. 4
FW 852 Systems Modeling and Simulation............ 3
Fw 878 Dynamics of Trace Contaminants on Aquatic
SyStems. . .ot 3
NSC 830 Nature and Practice of Science............... 1

d. Completion of a Certificate in Basic Business and Com-
munication Skills. The certificate program is organized as a
series of week-end workshops covering such topics as project
management, business law, intellectual property, manage-

NATURAL SCIENCE
Department of Entomology

ment theory, finance, writing skills, presentation skills, infor-

mation retrieval, interpersonal skills and group work. The cer-

tificate program offered by the faculty of The Eli Broad College

of Business and the College of Communication Arts and Sci-

ences, will include a case-study approach. It will involve an ad-

ditional cost to the student beyond usual tuition and fees.
After the completion of the certificate program is approved by the Director of Ex-
ecutive Development Programs in The Eli Broad College of Business and by the
Associate Dean of the College of Natural Science, the Office of the Registrar will
enter on the student's academic record the name of the certificate program and
the date it was completed. This certification will appear on the student's tran-
script upon completion of the requirements for the degree program.

1 . . . . -
Students will complete a total of three 1 credit seminars, focusing on standard topics for
this program.

“ At least two courses must be from areas other than Entomology. The student's guidance
committee may approve other courses to meet this requirement.

: Requires special approval for application toward graduate credits.

Doctor of Philosophy

The Department of Entomology aspires to develop not only ca-
pable entomologists but also capable scholars. Scholarly po-
tential is sought in the prospective student, and course and
research programs are designed to round out the student's
knowledge and bring it to the stage of development where the
student can work creatively in the field.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

A master's degree including a thesis in an appropriate field of
study is required. Subject matter training should be in the
same general areas as required for admission to the Master of
Science degree program in entomology. The student's past rec-
ord must indicate maturity, reliability, and scholarly poten-
tial of a high order.

Requirements for the Doctor of Philosophy Degree
in Entomology

A specified number of credits is not required, but early in the
student's program the guidance committee, in consultation
with the student, develops a list of proposed courses and a ten-
tative dissertation subject. The student is expected to acquire
a broad knowledge of entomology and to demonstrate compe-
tence in each of the following areas: (1) applied entomology,
(2) insect systematics—morphology, (3) physiology—toxicology,
and (4) ecology—behavior.

The student must pass a doctoral qualification examination
which primarily consists of the defense of a dissertation pro-
posal. Written and oral doctoral comprehensive examinations
are required on philosophical issues and in the three or more
areas of study specified by the guidance committee. Participa-
tion in the department's teaching program is also required.

In addition to the program developed by the guidance com-
mittee for a research specialty, the student must acquire an
area of knowledge separate and distinct from those research
competencies. The acquisition of this knowledge means a
minimum of 10 credits or its equivalent. The area selected
must be agreed upon, unanimously, by the guidance commit-
tee and the student.
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ENTOMOLOGY—ENVIRONMENTAL TOXICOLOGY

Doctor of Philosophy

For information about the Doctor of Philosophy degree pro-
gram in entomology—environmental toxicology, refer to the
statement on Multidepartmental Doctoral Programs in Envi-
ronmental Toxicology in the Graduate Education section of
this catalog.

ENTOMOLOGY-URBAN STUDIES

The Department of Entomology offers interdepartmental
Master of Science and Doctor of Philosophy degree programs
in entomology—urban studies.

To be admitted to a major in entomology—urban studies, stu-
dents must meet the requirements for admission to the Master
of Science or Doctor of Philosophy degree program with a ma-
jor in entomology. They must also meet the requirements for
admission as specified in the statement on Interdepartmental
Graduate Programs in Urban Studies in the Graduate Educa-
tion section of this catalog.

Students who are admitted to a major in entomology—urban
studies must meet the requirements for the major in entomol-
ogy leading to the Master of Science or Doctor of Philosophy
degree. They must also meet the requirements for the urban
studies component of the program as specified in the state-
ment on Interdepartmental Graduate Programs in Urban
Studies.

For the Master of Science degree, both Plan A (with thesis)
and Plan B (without thesis) are available, but students who
are planning to earn a doctoral degree must select Plan A. The
student must complete a total of 30 credits for the degree un-
der either Plan A or Plan B. The research methods require-
ment for both the entomology and urban studies components
may be met by completing Statistics and Probability 421 and
422.

For the Doctor of Philosophy degree program, the courses
that are used to meet requirements 2 and 3 for the urban stud-
ies component may also be used to meet part of the require-
ments for the entomology component.

DEPARTMENT of
GEOLOGICAL SCIENCES

Michael A. Velbel, Chairperson

The Earth is a dynamic system subject to both cyclic and direc-
tional changes over time. Energy from the Sun drives the
Earth's water and biogeochemical cycles which, in turn, con-
trol surface processes, including climate change and sedimen-
tation. Energy from the Earth's interior drives the tectonic
cycle and its surface manifestations, including volcanic erup-
tions and earthquakes. Biological evolution adds directional-
ity to the history of the Earth, and is not reducible to simple
physical forces. The geological sciences study these changes
and processes as they exist now, as they will develop in the fu-
ture, and as they have evolved during the 4.5 billion—year his-
tory of the Earth.

The biological, chemical, isotopic, and physical aspects of
the Earth are all integrated into the geological sciences, which
draw heavily on all of those other sciences, as well as mathe-
matics and statistics. Geological studies provide knowledge
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concerning the availability of natural resources, including
groundwater and fossil fuels; the reduction of damage from
such hazards as landslides and earthquakes; and processes af-
fecting biological evolution, such as those producing major ex-
tinctions. From these diverse studies geologists gain
knowledge about the controls on the physical and biological
environment. That knowledge allows people to deal with is-
sues ranging from groundwater pollution to climate change.

The undergraduate programs in environmental geosciences
and geological sciences lead to the Bachelor of Science degree.
The department offers degree options for more specialized
study in geophysics and secondary education.

UNDERGRADUATE PROGRAMS

ENVIRONMENTAL GEOSCIENCES

Requirements for the Bachelor of Science Degree
in Environmental Geosciences

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Environmental Geosci-
ences.

The University's Tier II writing requirement for the Environmental Geosciences
major is met by completing one of the following courses: Geological Sciences 361 or
431. Those courses are referenced in item 3. b. (1) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

CREDITS

3. The following requirements for the major: ..................... 69 or 70
a. The following courses outside the Department of Geological
29 or 30
(1) All of the following courses (8 credits):

CEM 161 Chemistry Laboratory I................. 1

MTH 132 CalculusI....... ...t 3

MTH 133 CalculusII...... ...t 4
(2) One of the following courses (3 credits):

CE 421 Engineering Hydrology ................. 3

CE 481 Environmental Engineering Chemistry. ... 3

CEM 251 Organic Chemistry I ................... 3

C3S 455 Pollutants in the Soil Environment .. ... .. 3

MIC 426 Biogeochemistry...................... 3
(8) One of the following courses (3 or 4 credits):

MTH 234 Multivariable Caleulus ................. 4

One Statistics and Probability course................ 3or4
(4)  One of the following pairs of courses (7 credits):

(a) CEM 141 General Chemistry ................ 4
CEM 142 General and Inorganic Chemistry ....3
(b) CEM 151 General and Descriptive Chemistry . . . 4
CEM 152 Principles of Chemistry............. 3
(5) One of the following groups of courses (8 credits):
(a) PHY 231 Introductory PhysiesI.............. 3
PHY 232 Introductory PhysicsII............. 3
PHY 251 Introductory Physics
Laboratory I.................... 1
PHY 252 Introductory Physics
Laboratory II ................... 1
(b) PHY 183 Physics for Scientists and
Engineers I..................... 4
PHY 184 Physics for Scientists and
Engineers IT.................... 4
b. The following courses in the Department of Geological Sciences: 40
(1) All of the following courses (32 credits):
GLG 201 The Dynamic Earth.................... 4
GLG 304 Physical and Biological History of the
Earth ......... ... ... ... .. ... 4
GLG 321 Mineralogy and Geochemistry ........... 4
GLG 351 Structural Geology. ...........ccovvu... 4
GLG 361 Petrology (W) ..o 4
GLG 411 Hydrogeology . ... vvvve e 4
GLG 421 Environmental Geochemistry............ 4
GLG 431 Sedimentology and Stratigraphy (W). .. ... 4

The completion of Geological Sciences 431 fulfills the de-
partment's capstone course requirement.



(2)  One of the following courses (3 or 4 credits):

GLG 3803 Oceanography ........................ 4
GLG 412 Glacial and Quaternary Geology ......... 4
GLG 422 Organic Geochemistry (W) .............. 3
GLG 471 Applied Geophysics .. .................. 4
GLG 481 Reservoirs and Aquifers ................ 3

NOTE: Geography 306 or Geography 408 may be substi-
tuted for one of the courses listed above.

(8) Additional credits in Geological Sciences courses at the
300—400 level as needed to meet the requirement of at
least 40 credits in Geological Sciences courses.™*

1 . . . .
Botany and Plant Pathology 335 and Microbiology 426 may be used to satisfy either the re-
quirements for the major or the requirements referenced under the heading Graduation
Requirements in the College statement, but not both of those requirements.

* The credits that are used to satisfy this requirement may be used to satisfy either the re-
quirements for the environmental geosciences major or the requirements for the geological
sciences major, but not both of those requirements.

GEOLOGICAL SCIENCES

Requirements for the Bachelor of Science Degree
in Geological Sciences

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Geological Sciences.

The University's Tier II writing requirement for the Geological Sciences major is
met by completing one of the following courses: Geological Sciences 361, 431, or
491. Those courses are referenced in item 3. b. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. The following courses outside the Department of Geological
SCIEIICES: « v v e et et e e 26 or 27
(1) All of the following courses (8 credits):
CEM 161 Chemistry Laboratory I................. 1
MTH 132 CalculusI....... ... ... it 3
MTH 133 CalculusII...... ... ..., 4
(2) One of the following pairs of courses (7 credits):
(a) CEM 141 General Chemistry ................ 4
CEM 142 General and Inorganic Chemistry ....3
(by CEM 151 General and Descriptive Chemistry .. 4
CEM 152 Principles of Chemistry ............ 3
(3) One of the following options (3 or 4 credits):
(a) MTH 234 Multivariable Calculus ............. 4
(b) One course of at least 3 credits in statistics and prob-
ability.
(4) One of the following groups of courses (8 credits):
(a) PHY 231 Introductory PhysiesI.............. 3
PHY 232 Introductory PhysicsII............. 3
PHY 251 Introductory Physics LaboratoryI....1
PHY 252 Introductory Physics Laboratory IT ... 1
(by PHY 183 Physics for Scientists
and Engineers I .. ............... 4
PHY 184 Physics for Scientists
and Engineers II ................ 4
b. The following courses in the Department of Geological
SCIEIICES: .« v v vttt 40
GLG 201 The DynamicEarth................. ... ... 4
GLG 304 Physical and Biological History of the Earth. ... 4
GLG 321 Mineralogy and Geochemistry ............... 4
GLG 351 Structural Geology
GLG 361 Petrology (W) . ...t
GLG 431 Sedimentology and Stratigraphy (W).......... 4
GLG 491 Field Geology — Summer Camp (W) ........... 6

Ten additional credits in Geological Sciences courses at the
300—400 level."* The completion of Geological Sciences 491 ful-
fills the department's capstone course requirement.

1 . . . . .
Botany 335 and Microbiology 426 may be used to satisfy either the requirements for the
major or the requirements referenced under the heading Graduation Requirements in the
College statement, but not both of those requirements.

* The credits that are used to satisfy this requirement may be used to satisfy either the re-
quirements for the geological sciences major or the requirements for the environmental
geosciences major, but not both of those requirements.

NATURAL SCIENCE
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Geophysics Option

A Geophysics Option is available only to those students who
are enrolled in the Bachelor of Science degree program with a
major in environmental geosciences or geological sciences.
Students who elect this option must complete the following
courses:

1. All of the following courses (15 credits):

MTH 234 Multivariable Caleulus ......................... 4
MTH 235 Differential Equations. ......................... 3
PHY 183 Physics for Scientists and Engineers I............. 4
PHY 184 Physics for Scientists and Engineers IT............ 4

Seven credits from the following courses:

GLG 471 Applied Geophysics ... ...... ... .o i 4
GLG 472 Principles of Modern Geophysics ................. 3
400-level Physics courses approved by the student's academic adviser 3to7

Upon completion of the requirements for both the Bachelor of Science degree
with a major in environmental geosciences or geological sciences and the re-
quirements for the Geophysics Option, the student should contact the Depart-
ment of Geological Sciences and request certification for the completion of the
Geophysics Option. After the certification is approved by the chairperson of the
department and the Dean of the College of Natural Science, the Office of the
Registrar will enter on the student's academic record the name of the option and
the date that it was completed. This certification will appear on the student's
transcript.

TEACHER CERTIFICATION OPTIONS

The earth science—interdepartmental disciplinary major
leading to the Bachelor of Science degree is available for
teacher certification. Students who complete the require-
ments for this disciplinary major and the requirements for
teacher certification choose whether they wish to be recom-
mended for certification in earth science or general science.

An earth science disciplinary minor is also available for
teacher certification.

Students who elect the earth science—interdepartmental
disciplinary major or the earth science disciplinary minor
must contact the Department of Geological Sciences.

For additional information, refer to the statement on
TEACHER CERTIFICATION in the Department of Teacher
Education section of this catalog.

GRADUATE STUDY

The Department of Geological Sciences offers programs in
geological sciences leading to the Master of Science, Master of
Arts, and Doctor of Philosophy degrees. The department also
offers programs in environmental geosciences leading to the
Master of Science and Doctor of Philosophy degrees.

The goal of the graduate programs in the Department of
Geological Sciences is to develop creative and productive sci-
entists who will address problems facing the modern environ-
ment and problems related to understanding the Earth's past
and future.

The department's graduate programs emphasize the study
of the biological, chemical, and physical processes of the Earth
and the application of knowledge about these processes to
solve applied and basic problems. Environmental studies fo-
cus on fluids, minerals, and biologically mediated processes
and their interactions in the environment. Studies of the
Earth's past involve time periods ranging in days to billions of
years. From this knowledge, predictions on Earth's future
may be made.

The department is focused around three research areas:
solid earth systems (tectonics, earthquake seismology, struc-
tural geology, and igneous petrology), paleobiology (evolution;
paleoenvironments; paleoecology; and fossil plants, inverte-
brates, and vertebrates), and environmental geosciences
(physical and chemical hydrogeology; geochemical cycles; gla-
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cial geology, isotropic, aqueous, environmental, inorganic, and
organic geochemistry; sedimentology; mmeral weathering;
and petrology of low temperature systems).

The Department of Geological Sciences is affiliated with the
Doctor of Philosophy degree program with a major in ecology,
evolutionary biology and behavior. For information about a
Doctor of Philosophy degree program that involves ecology,
evolutionary biology and behavior and a major in the Depart-
ment of Geological Sciences, refer to the statement on the doc-
toral program in ecology, evolutionary biology and behavior.

Students who are enrolled in Master of Science and Master
of Arts degree programs in the Department of Geological
Sciences may elect specializations in ecology, evolutionary
biology and behavior and in environmental toxicology. For
additional information, refer to the statement on the
specialization in ecology, evolutionary biology and behavior
and to the Graduate Specialization in Environmental Toxicol-
ogy statement in the College of Agriculture and Natural Re-
sources section of this catalog.

ENVIRONMENTAL GEOSCIENCES

Master of Science

The Master of Science degree program in environmental geo-
sciences is available under either Plan A (with thesis) or Plan
B (without thesis).

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

When applying for admission to the program, an applicant

must specify either Plan A or Plan B.

Academic record, letters of recommendation, and Graduate
Record Examination (GRE) General Test scores are consid-
ered in admission decisions.

For regular admission to the master's degree program in en-
vironmental geosciences under Plan A, the student must have:
1. Abachelor's degree in a physical or biological science or in

engineering from a recognized educational institution.

2. Completed the courses in physics, chemistry, and mathe-
matics that are required for the Bachelor of Science de-
gree with a major in geological sciences at MSU, or
equivalent courses.

3. At least 12 credits in geological sciences courses.

4. A grade—point average of at least 3.00.

5. Satisfactory scores on the GRE General Test.

Provisional admission may be granted to an applicant who
has not completed the course work referenced in items 2. and
3. above. Deficiencies must be removed by completing collat-
eral courses.

For regular admission to the master's degree program in en-
vironmental geosciences under Plan B, the student must have:
1. Completed a Master of Science degree in the geosciences

for which a thesis was required.

2. A grade—point average of at least 3.00.

3. Satisfactory scores on the GRE General Test.

Requirements for the Master of Science Degree
in Environmental Geosciences

A total of 30 credits is required for the degree under either
Plan A or Plan B. The student's program of study must be ap-
proved by the student's guidance committee. The student
must meet the requirements specified below:
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Requirements for Both Plan A and Plan B

CREDITS
1. Tier I requirements (10 to 12 credits):"*
a. General Component. The following course (1 credit):
GLG 423 Environmental Geosciences ................. 1
b. Soil Component. One of the following courses (3 or 4 credits):
CSS 455 Pollutants in the Soil Environment ...........
CSS 825 Clay Mineralogy and Soils Genesis ...........
CSS 855 Interfacial Environmental Chemistry .........
c. Chemical Component. One of the following courses (3 cred-
its):
GLG 421 Environmental Geochemistry
GLG 821 Aqueous Geochemistry .....................
GLG 823 Isotope Geochemistry ......................
d. Hydrogeology Component. One of the following courses (3
or 4 credits):
CE 421 Engineering Hydrology .. ...................
CE 821 Groundwater Hydraulics
GLG 411 Hydrogeology .......ovuvrinnineannnnen..
2. TierIIrequirement."* One of the following courses (3 or 4 credits):”

W

W ww

=W w

GEO 408  Soil Geomorphology Field Study. . ................ 4
GLG 412 Glacial and Quaternary Geology ................. 3
GLG 422 Organic Geochemistry.......................... 3
GLG 471 Applied Geophysics ... ........ ... i . 4
GLG 481 Reservoirs and Aquifers ........................ 4
GLG 822 Analytical Applications for Biogeochemical Research. 3
GLG 863 Mineral-Water Interactions .. ................... 4

Additional Requirements for Plan A

1. Tier III requirement:
Seven to 18 credits in courses approved by the student's guidance
committee.

2. Tier IV requirement:
Four to 7 credits in GLG 899 Master's Thesis Research. The research
area may focus on any topic that may have applications to solving
problems related to the environment. The student must include in
the thesis proposal a paragraph that addresses the environmental
applications of the thesis topic selected.

Addltwnal Requirements for Plan B
Tier I1I requirement:
Thirteen to 16 credits in courses approved by the student's guidance
committee.

2. Tier IV requirement:
One credit of GLG 898 Special Problems in Environmental Geosci-
ences."

1 . . . . . .
A student who completed any course listed in the Tier I requirements or in the Tier IT re-
quirement prior to enrollment in the program must substitute another course approved by
the student's guidance committee.

N given course may be used to satisfy either the Tier I requirements or the Tier II require-
ment, but not both of those requirements.

* With the approval of the guidance committee, a student may substitute a course listed in
the Tier I requirements for one of the courses listed below.

4 . . . - -
The student must complete a research paper or project while enrolled in Geological Sci-
ences 898. The topic of the paper or project must be mutually agreed upon by the student
and the student's academic adviser.

Doctor of Philosophy

The core of the Doctor of Philosophy degree program in envi-
ronmental geosciences is independent research. Course re-
quirements are designed to support the student's professional
goals. Commonly, research programs are pursued within the
specialty of the staff. However, innovative research is encour-
aged in any area of environmental geosciences.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

Students holding bachelor's or master's degrees may be ad-
mitted to the doctoral program in environmental geosciences
on the basis of their performance during the previous two
years of academic work.

Requirements for the Doctor of Philosophy Degree
in Environmental Geosciences

The program of study is determined by mutual agreement be-
tween the student and the guidance committee. A student who
has not completed all of the courses that are required for the



Master of Science degree in Environmental Geosciences from
Michigan State University, or their equivalents, will be re-
quired to complete such courses while enrolled in the doctoral
degree program.

The required comprehensive examination involves both an
oral and a written portion and covers the area of the student's
research specialty, those areas that interface with that spe-
cialty, and the significance of the proposed research program.
Students who are admitted to the doctoral program with mas-
ter's degrees must pass the comprehensive examination dur-
ing the second year of enrollment in the program. Students
who are admitted to the doctoral program with bachelor's de-
grees must pass the comprehensive examination during the
third year of enrollment in the program.

ENVIRONMENTAL GEOSCIENCES—
ENVIRONMENTAL TOXICOLOGY

Doctor of Philosophy

For information about the Doctor of Philosophy degree pro-
gram in environmental geosciences—environmental toxicol-
ogy, refer to the statement on Multidepartmental Doctoral
Programs in Environmental Toxicology in the Graduate Edu-
cation section of this catalog.

GEOLOGICAL SCIENCES

Master of Arts

The Master of Arts degree program in geological sciences is
available only under Plan B (without thesis).

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

Academic record, letters of recommendation, and Graduate
Record Examination (GRE) General Test scores are consid-
ered in admission decisions.

For regular admission, the student must have:

1. A bachelor's degree in geological sciences or in a cognate
science.

2. Completed the courses in physics, chemistry, mathemat-
ics, and geological sciences that are required for the
Bachelor of Science degree with a major in geological sci-
ences at MSU, or equivalent courses.

3. A grade—point average of at least 3.00.

4. Satisfactory scores on the GRE General Test.

Depending upon the applicant's proposed area of specializa-
tion, provisional admission may be granted to an applicant
who has not completed the courses referenced in item 2. above.
Deficiencies must be removed by completing collateral
courses.

Requirements for the Master of Arts Degree
in Geological Sciences

A total of 36 credits is required for the degree under Plan B.
The student's program of study must be approved by the stu-
dent's guidance committee. The student must meet the re-

quirements specified below:
CREDITS
1. One of the following courses (1 credit):
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GLG 891  Special Problems in Geochemistry' ............... 1
GLG 892  Special Problems in Geophysics and Geodynamics' . . 1
GLG 893 Special Problems in Hydrogeology" ............... 1
GLG 894 Special Problems in Paleobiology” ................ 1
GLG 895 Special Problems in Petrology'................... 1
GLG 896 Special Problems in Sedimentology

and Stratigraphy' .. ... ..o 1
GLG 897 Special Problems in Structural Geology

and Tectonics' . .. ...t 1
GLG 898 Special Problems in Environmental Geosciences'. . . . 1

2. Nineteen to 23 credits in approved courses in one of the following three areas of
geological sciences: environmental geosciences, solid earth systems, or paleo-
biology. A list of approved courses is available in the Department of Geological Sci-
ences.

3. Twelve to 16 credits in the two areas of geological sciences that were not used to
satisfy the requirement referenced in 2. above. The student must complete at least
two courses in each of the two areas.

1
The student must complete a research paper or project while enrolled in this course. The
topic of the paper or project must be mutually agreed upon by the student and the stu-
dent's academic adviser.

Master of Science

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

Academic record, letters of recommendation, and Graduate

Record Examination (GRE) General Test scores are consid-

ered in admission decisions. For regular admission, the stu-

dent must have:

1. Abachelor's degree in a physical or biological science or in
mathematics from a recognized educational institution.

2. Completed the courses in physics, chemistry, mathemat-
ics, and geological sciences that are required for the
Bachelor of Science degree with a major in geological sci-
ences at MSU, or equivalent courses.

3. A grade—point average of at least 3.00.

4. Satisfactory scores on the GRE General Test.

Depending on the proposed area of specialization, provi-
sional admission may be granted to an applicant who has not
completed the courses referenced in item 2. above. Deficien-
cies must be removed by completing collateral courses before a
thesis proposal will be accepted.

Requirements for the Master of Science Degree
in Geological Sciences

The student must complete a total of 30 credits for the degree
under Plan A (with thesis). Of the 30 credits, no more than 7
credits may be in Geological Sciences 899.

Doctor of Philosophy

The core of the Doctor of Philosophy degree program in geo-
logical sciences is independent research. Course requirements
are designed to support the student's professional goals. Com-
monly, research programs are pursued within the specialty of
the staff. However, innovative research is encouraged in any
area of geological sciences.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

Students holding bachelor's or master's degrees may be ad-
mitted to the doctoral program in geological sciences on the
basis of their performance during the previous two years of
academic work.
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Requirements for the Doctor of Philosophy Degree
in Geological Sciences

The program of study is determined by mutual agreement be-
tween the student and the guidance committee.

The required comprehensive examination involves both an
oral and a written portion and covers the area of the student's
research specialty, those areas that interface with that spe-
cialty, and the significance of the proposed research program.
Students who are admitted to the doctoral program with mas-
ter's degrees must pass the comprehensive examination dur-
ing the second year of enrollment in the program. Students
who are admitted to the doctoral program with bachelor's de-
grees must pass the comprehensive examination during the
third year of enrollment in the program.

W. K. KELLOGG
BIOLOGICAL STATION

Michael J. Klug, Director

The W. K. Kellogg Biological Station is administered jointly by
the College of Natural Science and the College of Agriculture
and Natural Resources. The Station developed from the envi-
ronmental foresight and interest of W. K. Kellogg and has
evolved into a world—renowned ecological research center and
public education facility for biological, agricultural, and natu-
ral resource sciences.

Located 50 miles southwest of East Lansing near Battle
Creek and Kalamazoo, the Biological Station's 3,352 acres en-
compass the Kellogg Bird Sanctuary, Kellogg Experimental
Forest, Kellogg Farm, Kellogg Dairy Center, Kellogg Educa-
tion Center and Research Laboratories, and Lux Arbor Re-
serve. Within this multiple-land use facility, a unique
community of scholars addresses ways to achieve harmony be-
tween biological conservation and productive agriculture and
forestry.

The teaching and research programs of the Biological Sta-
tion are closely coordinated with those of the College of Natu-
ral Science and the College of Agriculture and Natural
Resources. The programs focus on the study of natural and
managed landscapes and cover a spectrum that includes basic
ecology, evolutionary biology, wildlife management, forestry,
and agriculture.

The Biological Station's resident faculty hold joint appoint-
ments with appropriate departments and teach courses both
at the Station and on the main campus. Field oriented courses
in the biological sciences are offered at the Station during the
summer session.

Research facilities are provided for students who are candi-
dates for Master of Science and doctor of Philosophy degrees
and for postdoctoral research associates. Residence may be es-
tablished upon approval of the research problem and the spon-
sorship of a resident faculty member.

Thesis or dissertation research is supervised by the candi-
date's major professor, the guidance committee, and, if not
otherwise included, a member of the resident faculty at the
Biological Station. Investigations by independent research
workers are encouraged throughout the year.

Information concerning the instructional program and re-
search opportunities may be obtained by either writing the Di-
rector, W.K. Kellogg Biological Station, Hickory Corners,
Michigan 49060-9516.
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DEPARTMENT of
MATHEMATICS

Peter A. Lappan, Chairperson

Mathematics, which may partially be defined as the science of
number and form, is a vital tool in all branches of knowledge
the University covers, from accounting to zoology. Mathemat-
ics is also studied for its own sake by those who become fasci-
nated by the results of modern mathematics and the making
of new discoveries. The department offers a wide variety of
courses that begin with extensions of high school mathematics
and reach to the frontiers of mathematical knowledge.

Mathematics majors can build their programs in many dif-
ferent ways to pursue a career path of their choice. The de-
partment offers several Honors sequences, so that highly
motivated mathematics students will find challenging pro-
grams. Students in mathematics, regardless of their major
preferences, are encouraged to consult with the department
before registration concerning the possibility of advanced
placement or enrollment in honors sections.

UNDERGRADUATE PROGRAMS

Either a Bachelor of Arts or Bachelor of Science degree may be
earned with a major in Mathematics or Computational
Mathematics.

Requirements for the Bachelor of Science Degree
in Mathematics

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Mathematics.

The University's Tier IT writing requirement for the Mathematics major is met
by completing Mathematics 496 and Mathematics 310 or 418H. Those courses are
referenced in items 38.c.(1) and 3.c.(8) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. The following courses outside the Department of Mathematics: 19 to 21
(1) One course of at least 3 credits in biological science, bot-
any and plant pathology, entomology, microbiology,
physiology, or zoology.
(2) One of the following groups of courses (8 or 10 credits):
(a) CEM 141 General Chemistry ................ 4
CEM 142 General and Inorganic Chemistry ....3
CEM 161 Chemistry Laboratory I............. 1
(b) CEM 181H Honors Chemistry I................ 4
CEM 182H Honors Chemistry IT ............... 4
CEM 185H Honors Chemistry Laboratory I ... ... 2
(8) Both of the following courses (8 credits):
PHY 183 Physics for Scientists and Engineers I. .. .. 4
PHY 184 Physics for Scientists and Engineers IT . ... 4
b. First—year competency in a foreign language
or
For students who have been admitted to the teacher certifica-
tion program, a minimum of 6 credits in Professional Educa-
tion Courses.
c. A total of 38 credits in courses in the Department of Mathema—
ticsincluding:. . ... 38
(1) All of the following courses (17 credits):
MTH 132 CaleulusI............. .. ... ........ 3
MTH 133 CaleulusII............ .. ... ... ..... 4
MTH 234 Multivariable Caleulus ................. 4
MTH 235 Differential Equations. ................. 3
MTH 496 Capstone in Mathematics .. ............. 3



The completion of Mathematics 496 fulfills the department’s
capstone course requirement.

(2) A total of 24 credits in approved Mathematics courses at
the 300 level or above. At least four of the approved
Mathematics courses must be at the 400 level or above.
The 300-400 level courses that are referenced in items 3.
(c) (1), 3.c.(3), and 3.c.(4) partially satisfy this require-
ment. One course from a list of approved cognates may be
used to satisfy this requirement; the list is available in the

Department of Mathematics. 1.

(8) One of the following groups of courses (6 or 9 credits):
(a) MTH 810 Abstract Algebra I and

Number Theory . ................ 3
MTH 314 Linear Algebral................... 3
MTH 411 Abstract Algebrall ................ 3

Mathematics 414 or 417 or 418H or 481 may be substi-
tuted for Mathematics 411.

(b) MTH 418H Honors Algebral.................. 3
MTH 419H Honors AlgebraIl ................. 3
(4) One of the following pairs of courses (6 credits):
(a) MTH 820 AnalysisI........................ 3
MTH 421 AnalysisIT....................... 3 92

Mathematics 425 or 441 or 442 may be substituted for
Mathematics 421.

(b) MTH 428H Honors AnalysisI ................. 3
MTH 429H Honors Analysis IT................. 3

Requirements for the Bachelor of Arts Degree
in Mathematics

1.

The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Arts degree in Mathematics.

The University's Tier II writing requirement for the Mathematics major is met
by completing Mathematics 496 and Mathematics 310 or 418H. Those courses are
referenced in items 3. ¢. (1) and 3. ¢. (3) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

The requirements of the College of Natural Science for the Bachelor of Arts degree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

The following requirements for the major:

CREDITS
The following courses outside the Department of Mathematics: 11
(1) One course of at least 3 credits in biological science, bot-
any and plant pathology, entomology, microbiology,
physiology, or zoology.
(2) The following course (4 credits):

PHY 183 Physics for Scientists and EngineersI. .. .. 4
(3) One of the following courses (4 credits):

CEM 141 General Chemistry .................... 4

CEM 181H Honors Chemistry I.................... 4
Second—year competency in a foreign language

or
For students who have been admitted to the teacher certifica-
tion program, first—year competency in a foreign language and
a minimum of 6 credits in Professional Education Courses.

A total of 38 credits in courses in the Department of

(1) All of the following courses (17 credits):
MTH 132 CalculusI
MTH 133 CalculusII...

MTH 234 Multivariable Caleulus . ................ 4
MTH 235 Differential Equations. ................. 3
MTH 496 Capstone in Mathematics .. ............. 3

The completion of Mathematics 496 fulfills the department’s
capstone course requirement.

(2) A total of 24 credits in approved Mathematics courses at
the 300-level or above. At least 4 of the approved Mathe-
matics courses must be at the 400-level or above. The
300-400 level courses that are referenced in items 3. c. (1),
3. C. (8), and 3. C. (4) partially satisfy this requirement.
One course from a list of approved cognates may be used to
satisfy this requirement; the list is available in the De-
partment of Mathematics.

(8) One of the following groups of courses (6 or 9 credits):
(a) MTH 310 Abstract Algebra I and

Number Theory . ................ 3
MTH 814 Linear Algebral................... 3
MTH 411 Abstract Algebra Il ................ 3

Mathematics 414 or 417 or 418H or 481 may be substituted
for Mathematics 411.

(by MTH 418H Honors Algebral.................. 3
MTH 419H Honors Algebra Il ................. 3 1.
(4) One of the following pairs of courses (6 credits):
(@) MTH 320 AnalysisI........................ 3
MTH 421 AnalysisIT....................... 3
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Mathematics 425 or 441 or 442 may be substituted for
Mathematics 421.

(b) MTH 428H Honors AnalysisI ................. 3
MTH 429H Honors Analysis IT................. 3

Requirements for the Bachelor of Science Degree
in Computational Mathematics

The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Computational Mathe-
matics.

The University's Tier II writing requirement for the Computational Mathemat-
ics major is met by completing Mathematics 310 and 496. Those courses are refer-
enced in item 3. c. (1) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

The following requirements for the major:

CREDITS
a. The following courses outside the Department of Mathematics: 27 or 29
(1) One course of at least 3 credits in biological science, bot-
any and plant pathology, entomology, microbiology,
physiology, or zoology.
(2) One of the following groups of courses (8 or 10 credits):
(a) CEM 141 General Chemistry ................ 4
CEM 142 General and Inorganic Chemistry ....3
CEM 161 Chemistry Laboratory I............. 1
(by CEM 181H Honors Chemistry I................ 4
CEM 182H Honors Chemistry IT ............... 4
CEM 185H Honors Chemistry Laboratory I ... ... 2
(8) Both of the following courses (8 credits):
CSE 231 Introduction to Programming I........... 4
CSE 232 Introduction to Programming IT.......... 4
(4) Both of the following courses (8 credits):
PHY 183 Physics for Scientists and Engineers . .. .. 4
PHY 184 Physics for Scientists and Engineers II .. .. 4
b. First—year competency in a foreign language
c. The following courses in the Department of Mathematics: . .. 35
(1) All of the following courses (32 credits):
MTH 132 CaleulusI............. .. ... ... ..... 3
MTH 133 CaleulusII............ ... ... ... ..... 4
MTH 234 Multivariable Caleulus . ................ 4
MTH 235 Differential Equations. ................. 3
MTH 810 Abstract Algebra I and Number Theory. ... 3
MTH 814 Linear Algebral....................... 3
MTH 820 AnalysisI............... ... ......... 3
MTH 451 Numerical AnalysisI................... 3
MTH 481 Discrete MathematicsI................. 3
MTH 496 Capstone in Mathematics .. ............. 3
The completion of Mathematics 496 satisfies the capstone
course requirement of the computational mathematics
major.
(2) One of the following courses (3 credits):
MTH 452 Numerical Analysis IT" ................. 3
MTH 482 Discrete Mathematics II' ............... 3
d. At least one of the following courses: . .................... 3or4
CSE 3831 Algorithms and Data Structures®............. 4
CSE 440 Artificial Intelligence and Symbolic
Programming” . ................. .. .. ... 4
MTH 415 Applied Linear Algebra..................... 3
MTH 416 Introduction to Algebraic Coding............. 3
MTH 441 Ordinary Differential Equations ............. 3
MTH 452 Numerical AnalysisII" .....................

MTH 471 Computational Complexity .

MTH 472 Mathematical Logic.......

MTH 482 Discrete Mathematics IT' ...................
STT 441 Probability and Statistics I: Probability ....... 3
STT 461 Computations in Probability and Statistics. . . .. 3

1 . . .
This course may be counted toward either the requirement 3.c.(2) or 3.d., but not toward
both of those requirements.

: Approval of the Department of Computer Science and Engineering is required to enroll in
this course.

Requirements for the Bachelor of Arts Degree
in Computational Mathematics

The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Arts degree in Computational Mathemat-
ics.
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The University's Tier II writing requirement for the Computational Mathemat-
ics major is met by completing Mathematics 310 and 496. Those courses are refer-
enced in item 3.c.(1) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Arts degree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. The following courses outside the Department of Mathematics: 19
(1) One course of at least 3 credits in biological science, bot-
any and plant pathology, entomology, microbiology,
physiology, or zoology.
(2) The following course (4 credits):
PHY 183 Physics for Scientists and
Engineers I......................... 4
(8) One of the following courses (4 credits):
CEM 141 General Chemistry .................... 4
CEM 181H Honors Chemistry I.................... 4
(4) Both of the following courses (8 credits):
CSE 231 Introduction to Programming I........... 4
CSE 232 Introduction to Programming IT.......... 4
b. Second—year competency in a foreign langugage.
c. The following courses in the Department of Mathematics: . .. 35
(1) All of the following courses (32 credits):
MTH 132 CaleulusI............. ... ... ... ..... 3
MTH 133 CalculusII......... ... .. coiiiiin... 4
MTH 234 Multivariable Caleulus . ................ 4
MTH 235 Differential Equations. ................. 3
MTH 310 Abstract Algebra I and Number Theory. ... 3
MTH 814 Linear Algebral....................... 3
MTH 820 AnalysisT............... ... ......... 3
MTH 451 Numerical AnalysisI................... 3
MTH 481 Discrete Mathematics I................. 3
MTH 496 Capstone in Mathematics .. ............. 3
The completion of Mathematics 496 satisfies the capstone
course requirement of the computational mathematics
major.
(2) One of the following courses (3 credits):
MTH 452 Numerical Analysis IT" ................. 3
MTH 482 Discrete Mathematics II' ............... 3
d. At least one of the following courses: . .................... 3or4
CSE 331 Algorithms and Data Structures®............. 4
CSE 440 Artificial Intelligence and Symbolic
Programming” . ................. . . . ... .. 4
MTH 415 Applied Linear Algebra..................... 3
MTH 416 Introduction to Algebraic Coding............. 3
MTH 441 Ordinary Differential Equations ............. 3
MTH 452 Numerical AnalysisII" ..................... 3
MTH 471 Computational Complexity.................. 3
MTH 472 Mathematical Logic........................ 3
MTH 482 Discrete Mathematies II' ................... 3
STT 441 Probability and Statistics I: Probability ....... 3
STT 461 Computations in Probability and Statistics. . . .. 3

1 . -
This course may be counted toward either requirement 3.c.(2) or 3.d., but not toward both
of those requirements.

: Approval of the Department of Computer Science and Engineering is required to enroll in
this course.

TEACHER CERTIFICATION OPTIONS

The mathematics disciplinary majors leading to the Bachelor
of Arts and Bachelor of Science degrees are available for
teacher certification.

A mathematics disciplinary minor is also available for
teacher certification.

Students who elect a mathematics disciplinary major or the
mathematics disciplinary minor must contact the Department
of Mathematics.

For additional information, refer to the statement on
TEACHER CERTIFICATION in the Department of Teacher
Education section of this catalog.

GRADUATE STUDY

The Department of Mathematics offers Master of Science and
Doctor of Philosophy degree programs in applied mathemat-
ics; Master of Arts for Teachers, Master of Science, and Doctor

37

of Philosophy degree programs in mathematics; and a Doctor
of Philosophy degree program in mathematics education.

APPLIED MATHEMATICS

Master of Science

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

To be admitted to the Master of Science degree program in ap-
plied mathematics, a person should have completed (1) the
mathematics or applied mathematics courses normally re-
quired for the bachelor's degree with a major in mathematics,
physics, or engineering, (2) a minimum of a year's work in
mathematical analysis at the senior year level, and (3) courses
in matrices and linear algebra.

Requirements for the Master of Science Degree
in Applied Mathematics

The student must complete a total of 30 credits for the degree
under Plan B (without thesis). The student's program of study
must be approved by the student's academic adviser and must
include:
1. At least 24 credits in mathematics courses including:
a. Atleast 6 credits from the following courses: Mathe-
matics 818, 819, 828, 829, 848, 849," 868, 869.
b. Atleast 12 credits in 800—level applied mathematics
courses including 6 credits in one of the following
groups of courses: Mathematics 841, 842; 848, 849;"
850, 851; or 880, 881.
2. At least 18 credits in 800-900 level courses.

1 . . . . .
The completion of Mathematics 848 and 849 may be used to satisfy either the requirement
referenced initem 1 a. or the requirement referenced in item 1. b., but not both of those re-
quirements.

Doctor of Philosophy

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

Regular admission to the Doctor of Philosophy degree pro-
gram in applied mathematics presupposes academic prepara-
tion equivalent to a Master of Science degree with a major in
mathematics with a grade—point average of 3.00 or better.
However, a student with a bachelor's degree whose under-
graduate preparation is strong may be admitted directly to the
program upon passing a qualifying examination.

Requirements for the Doctor of Philosophy Degree
in Applied Mathematics

The student must:

1. Pass the qualifying examination.

2. Complete at least 30 credits in approved 800—900 level
mathematics courses excluding courses taken in prepara-
tion for the qualifying examination and Mathematics 999;
at least 18 of the 30 credits must be in applied mathemat-
ics courses.

3. Present at least two seminars acceptable to the faculty.



Pass the comprehensive examination.
Demonstrate a reading knowledge of one foreign lan-
guage, normally from among French, German, and Rus-
sian, sufficient to read the mathematical literature
written in that language.
6. Complete a dissertation in applied mathematics.

For detailed information regarding the qualifying and com-
prehensive examinations, contact the Department of Mathe-
matics.

A
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Master of Arts for Teachers

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

To be admitted to the Master of Arts for Teachers degree pro-
gram in mathematics, a person should have (1) at least one
year of calculus and (2) at least 10 credits of acceptable junior
and senior mathematics courses. Normally these 10 credits
should include courses in advanced calculus and modern alge-
bra. The candidate should also possess, or be a candidate for,
teacher certification.

Requirements for the Master of Arts for Teachers Degree
in Mathematics

The student must complete a total of 30 credits for the degree

under Plan B (without thesis). The student's program of study

must be approved by the student's academic adviser and must
include:

1. Atleast 9 credits from the following courses: Mathemat-
ics 801, 802A, 802B, and 903.

2. Atleast 15 additional credits in mathematics or statistics
courses including one course sequence, such as algebra or
discrete mathematics, from a list of approved courses that
is available in the Department of Mathematics.

3. Course work in each of the following five areas of mathe-
matics: geometry, algebra, analysis, discrete mathemat-
ics, and probability and statistics. Courses completed
while enrolled in a bachelor's degree program may be used
to satisfy this requirement.

Master of Science

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

To be admitted to the Master of Science degree program in
mathematics, a person should have (1) at least one year of cal-
culus and (2) at least 10 credits of acceptable junior and senior
mathematics courses. Normally these 10 credits should in-
clude courses in advanced calculus and modern algebra.

Requirements for the Master of Science Degree
in Mathematics

The student must complete a total of 30 credits for the degree
under Plan B (without thesis). The student's program of study
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must be approved by the student's academic adviser and must

include:

1. At least 24 credits in mathematics courses including at
least 6 credits from the following courses: Mathematics
818, 819, 828, 829, 848, 849, 868, 869.

2. At least 18 credits in 800-900 level courses.

INDUSTRIAL MATHEMATICS

Master of Science

The degree of Master of Science in Industrial Mathematics is
designed to produce generalized problem solvers of great
versatility, capable of moving within an organization from
task to task. The graduate will have acquired not only the
standard mathematical and statistical tools, but also the basic
ideas of engineering and business, and will have received
training in project development and in modes of industrial
communication. The program is for students planning careers
in business, government or industry.

Admission

To be admitted to the Master of Science in Industrial Mathe-
matics program, a person should have completed (1) the
mathematics or applied mathematics courses normally re-
quired for the bachelor’s degree with a major in mathematics,
physics or engineering, (2) courses at the senior level in
mathematical analysis, linear algebra and differential equa-
tions, and (3) have some familiarity with mathematical soft-
ware programs such as Mathematica, Matlab, etc.

Students entering the program are expected to have a
mathematical preparation at the level of Mathematics 421,
414 and442. Students with deficiencies may be required to
take additional credits.

Requirements for the Master of Science Degree in
Industrial Mathematics

In addition to meeting the requirements of the University and the College of
Natural Science, the student must complete a total of 36 credits for the degree
under Plan B (without thesis). The student’s program of study must be approved
by the student’s academic adviser, including:

1. The following requirements for the major: ..................... 36
a. Both of the following courses:
MTH 843 Survey of Industrial Mathematics ............ 3
MTH 844 Projects in Industrial Mathematics ........... 3

b. A minimum of four of the following courses:

MTH 810 Error-Correcting Code......................
MTH 841 Boundary Value Problems I .................
MTH 842 Boundary Value Problems IT.................
MTH 848 Ordinary Differential Equations
MTH 849 Partial Differential Equations . . ..
MTH 850 Numerical AnalysisT.......................
MTH 851 Numerical AnalysisII......................
MTH 852 Numerical Methods for Ordinary

Differential Equations.................... 3
MTH 880 Combinatories .............coviuuennenn .. 3
MTH 881 GraphTheory............ouiiiiunenninn.n. 3

c. A minimum of two of the following courses:
STT 461 Computations in Probability and Statistics. . . .. 3

STT 471 Statistics for Quality and Productivity ........ 3
STT 801 Design of Experiments ..................... 3
STT 844 Time Series Analysis...........c.ocivnninn. 3
STT 852 Stochastic Methods in Operations Research ....3
STT 861 Theory of Probability and Statisties I . ... ..... 3
STT 862 Theory of Probability and Statistics IT......... 3
STT 887 Applications of Probability .................. 3
d. At least four of the following courses:
CE 810 Reliability-Based Design in Civil

Engineering .............. .. ... ... ... 3
CE 841 Traffic Flow Theory. ..., 3
CSE 802 Pattern Recognition and Analysis ............ 4
CSE 803 Computer Vision ..............coiivnan.... 3
CSE 808 Modelling and Discrete Simulation ........... 3
CSE 830 Design and Theory of Algorithms............. 3
CSE 835 Algorithmic Graph Theory .................. 3
EC 805 Microeconomic Analysis . ............ovin... 3
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EC 807 Applied Microeconomic Analysis ............. 3
EC 811 The Structure of Economic Analysis .......... 3
EC 812A Microeconomics I......... .. .. .. ... ...
EC 812B Microeconomics IT .......... .. .. ........
EC 813A Macroeconomics I ........ ... .. ... ... ...
EC 813B Macroeconomics IL. ........................
EC 820 Econometrics I..............

EC 827 Economic Forecasting
ECE 466 Digital Signal Processing and Filter Design . ... 3
ECE 809 Algorithms and Their Hardware

Implementation . ........................ 3
ECE 826 Linear Control Systems. .................... 3
ECE 827 Nonlinear Systems Analysis................. 3
ECE 829 Optimal Multivariate Control. ............... 3
ENE 801 Dynamics of Environmental Systems. ......... 3
ME 451 Control Systems. . ........... ... . ... ... 4
ME 852 Intermediate Control Systems ............... 3
ME 855 Digital Data Acquisition and Control. ......... 3
ME 857 Modeling and Simulation of Dynamic

SYStems. . oot 3
ME 860 Theory of Vibrations . ............c..cvvvn... 3
ME 863 Nonlinear Vibrations....................... 3
MSM 401 Intermediate Mechanics of Deformable

Solids. .o 3
MSM 402 Computational Mechanics. .................. 3
MSM 444 Introduction to Composite Materials ... ....... 3
MSM 809 Finite Element Method . .................... 3
MSM 810 Continuum Mechanics. . .................... 3
MSM 818 Linear Elasticity ...............coco... 3
MSM 865 Advanced Theory of Solids .................. 3

e. Completion of a Certificate in Basic Business and

Communication Skills. The certificate program is organized

as a series of week-end workshops covering such topics as

project management, business law, intellectual property,

management theory, finance, writing skills, presentation

skills, information retrieval, interpersonal skills and group

work. The certificate program offered by the faculty of The Eli

Broad College of Business and the College of Communication

Arts and Sciences, will include a case-study approach. It will

normally be undertaken during the first year of enrollment and

will involve an additional cost to the student beyond usual tui-

tion and fees.
After the completion of the certificate program is approved by the Director of
Executive Development Programs in The Eli Broad College of Business and by
the Associate Dean of the College of Natural Science, the Office of the Registrar
will enter on the student's academic record the name of the certificate program
and the date it was completed. This certification will appear on the student's
transcript upon completion of the requirements for the degree program.

Doctor of Philosophy

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

Regular admission to the Doctor of Philosophy degree program
in mathematics presupposes academic preparation equivalent
to a Master of Science degree with a major in mathematics
with a grade—point average of 3.00 or better. However, a stu-
dent with a bachelor's degree whose undergraduate prepara-
tion is strong may be admitted directly to the program upon
passing a qualifying examination.

Requirements for the Doctor of Philosophy Degree
in Mathematics

The student must:

1. Pass the qualifying examination.

2. Complete at least 30 credits in approved 800-900 level
mathematics courses excluding courses taken in prepara-
tion for the qualifying examination and Mathematics 999.
Present at least two seminars acceptable to the faculty.
Pass the comprehensive examination.

Demonstrate a reading knowledge of one foreign lan-
guage, normally from among French, German, and Rus-
sian, sufficient to read the mathematical literature
written in that language.

A
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For detailed information regarding the qualifying and com-
prehensive examinations, contact the Department of Mathe-
matics.

MATHEMATICS EDUCATION

Doctor of Philosophy

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

Regular admission to the Doctor of Philosophy degree pro-
gram in mathematics education presupposes academic prepa-
ration equivalent to a Master of Science degree with a major in
mathematics with a grade—point average of 3.00 or higher.
However, a student with a bachelor's degree whose under-
graduate preparation is strong may be admitted directly to the
program upon passing a qualifying examination.

Requirements for the Doctor of Philosophy Degree in
Mathematics Education

The student must:

1. Pass the qualifying examination.

2. Complete at least 36 credits in approved 800—900 level

courses excluding courses taken in preparation for the

qualifying examination and Mathematics 999 and includ-
ing:

a. 12 credits in mathematics education courses.

b. 12 credits in mathematics courses excluding the
courses that are used to satisfy the requirement ref-
erenced in item 2. a.

c. Counseling, Educational Psychology and Special
Education 930.

d. Counseling, Educational Psychology and Special
Education 933 or Teacher Education 931.

Present at least two seminars acceptable to the faculty.

Pass the comprehensive examination.

Demonstrate a reading knowledge of one foreign lan-

guage, from among French, German, and Russian suffi-

cient to read the mathematical and educational literature
written in that language.

6. Complete a dissertation in mathematics education.

For detailed information regarding the qualifying and com-
prehensive examinations, contact the Department of Mathe-
matics.

OU o

MEDICAL TECHNOLOGY
PROGRAM

Douglas Estry, Director

UNDERGRADUATE PROGRAMS

Medical technology (clinical laboratory science) is a health
profession with a firm foundation in the basic sciences of
chemistry, biology, mathematics, and physics. Medical tech-
nology is a challenging career as well as a satisfying and grow-
ing profession for persons with an interest in the application of



the basic sciences. Clinical laboratory scientists contribute to
quality health care through the analysis of blood, body fluids,
and tissue samples for evidence of pathology. In addition,
clinical laboratory scientists contribute to the development
and application of new technologies for the improved diagnosis
of pathologic conditions. Courses in hematology, immunohe-
matology, hemostasis, clinical microbiology, and clinical
chemistry are designed to prepare students for their roles as
laboratorians.

The traditional orientation of medical technology toward
the diagnostic testing laboratories is only one of many areas
available for the program graduate. Federal, state, and local
health departments, commercial and research laboratories,
and medical and scientific supplies sales areas are arenas in
which clinical laboratory scientists apply their knowledge and
skills.

Two undergraduate programs that lead to the Bachelor of
Science degree are available: medical technology and clinical
laboratory sciences. These programs are designed to meet the
growing professional needs of a rapidly expanding and chang-
ing laboratory profession. These programs are also designed to
provide students with preparation for advanced study in the
clinical laboratory sciences and to assist students in meeting
the preprofessional requirements for careers in a variety of
medical and medically related fields.

Medical Technology Major

The medical technology major is designed to prepare students
for careers as laboratorians in a variety of settings. The clini-
cal laboratory experience required for certification by external
agencies is not included in this program. Students desiring
certification are responsible for securing their own clinical ex-
periences subsequent to the completion of their degree re-
quirements.

Admission as a Junior

Students must meet the requirements for admission to the
College of Natural Science.

Requirements for the Bachelor of Science Degree
in Medical Technology

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Medical Technology.

The University's Tier II writing requirement for the Medical Technology major
is met by completing Medical Technology 455. That course is referenced in item 3.
b. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. Courses outsideMedical Technology: .. ................... 48 or 49
(1) All of the following courses (45 credits):
BCH 401 Basic Biochemistry .................... 4
BS 111 CellsandMolecules.................... 3

BS  111L Cell and Molecular Biology Laboratory . ... 2
CEM 141 General Chemistry ....................
CEM 161 Chemistry LaboratoryI.................
CEM 162 Chemistry Laboratory IT................
CEM 251 Organic Chemistry T ...................
CEM 252 Organic Chemistry IL...................
MIC 205 Allied Health Microbiology

MIC 802 Introductory Microbiology Laboratory . .. .. 1
MIC 463 Medical Microbiology. .................. 3
MIC 464 Diagnostic Microbiology Laboratory. . .. ... 1
PHY 231 Introductory PhysicsI.................. 3
PHY 232 Introductory PhysicsII................. 3

NATURAL SCIENCE
Medical Technology Program

PSL 250 Introductory Physiology ................ 4

ZOL 316 General Parasitology................... 3
(2) One of the following courses (3 credits):

MTH 124 Survey of Calculus with Applications I ....3

MTH 132 CaleulusI.......... ... ... ... ... .. 3
(8) One of the following courses (3 or 4 credits):
STT 200 Statistical Methods .................... 3
STT 201 Statistical Methods .................... 4
STT 231 Statistics for Scientists ................. 3
STT 3851 Probability and Statistics for Engineers ... 3
STT 421 Statistics I ........ ... ... ... 3
b. All of the following Medical Technology courses: ........... 23
MT 212 Fundamentals of Laboratory Analysis......... 3

MT 213 Application of Clinical Laboratory Principles . .. 1
MT 414 Clinical Chemistry I: Laboratory Analysis

and Practice . .......... ... ... . ... 4
MT 416 Clinical Chemistry 1I: Pathophysiology and

Body Fluid Analysis. .. .......ccouvunen... 4
MT 422 Hematology and Hemostasis. ... ............. 4

MT 432 Clinical Immunology and Immunohematology . . 5
MT 455 Integrating Clinical Laboratory Science
Discipline (W). .. ... 2

Clinical Laboratory Sciences Major

The clinical laboratory sciences major is designed to prepare
students for certification in medical technology/clinical labo-
ratory science. The program includes courses in the biomedi-
cal laboratory sciences, communications, mathematics and
statistics, and clinical laboratory sciences coupled with clini-
cal practicum experiences. It is designed to prepare graduates
for certification and immediate employment in clinical labora-
tories upon graduation. Admission to this program is limited.
Students seeking admission must complete the admission
procedure outlined below.

The Bachelor of Science degree program in clinical labora-
tory sciences has been accredited by the National Accrediting
Agency for Clinical Laboratory Sciences.

Admission as a Junior

Enrollment in the clinical laboratory sciences major is limited.
A new class is admitted at the junior level fall semester of each
year. Applications for admission must be received by March 1
of that same year.

To be considered for admission, the applicant must meet the
following minimal criteria, in addition to the College of Natu-
ral Science requirements:

1. Have an overall grade—point average of 2.50 or better.
2. Have completed a minimum of 56 credits which must in-
clude the following courses:
Medical Technology 212 and 213."
Chemistry 162, 251, 252",
Mathematics 124 or 132.
Physics 231 and 232."
Statistics and Probability 200 or 201 or 231 or 351 or
421.
f.  the University's Tier I writing requirement.
g. Physiology 250.
h. Biological Science 111, 111L.

Students who do not meet the grade—point criterion noted
above may be considered for admission on a space available
basis.

Applications for admission to the clinical laboratory sci-
ences major are reviewed by a committee of the faculty. Fac-
tors considered by the Admission Committee in the
applicant's review and admission action are (1) grade—point
average in science and nonscience courses, (2) grade—point av-
erage for select preclinical laboratory science courses, (3) clini-
cal laboratory science exposure, (4) interview, and (5)
compositions.

e T

Students who have met the minimal criteria for admission as a junior to the clinical labo-
ratory sciences major with the exception of Medical Technology 212 and 213, Chemistry
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252, and Physics 232 may be admitted to the major at the time that they are enrolled in
these courses.

Academic Standards

A specific statement of Student Policies for Clinical Labora-
tory Sciences Students may be obtained from the Medical
Technology Program, 322 N. Kedzie Lab. The student is re-
sponsible for knowing and adhering to these program policies.

Requirements for the Bachelor of Science Degree
in Clinical Laboratory Sciences

1. A minimum of 136 credits is required for the Bachelor of Science degree in Clinical
Laboratory Sciences.

2. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog.

The University's Tier IT writing requirement for the Clinical Laboratory Sci-
ences major is met by completing Medical Technology 454. That course is refer-
enced in item 4. b. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 4. below may be used to sat-
isfy the alternative track.

3. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 4. below may be
counted toward College requirements as appropriate.

4. The following requirements for the major:

CREDITS
a. Courses outside Medical Technology:..................... 49 or 50
(1) All of the following courses (46 credits):
BCH 401 Basic Biochemistry .................... 4
BS 111 Cellsand Molecules.................... 3
BS  111L Cell and Molecular Biology Laboratory . ... 2
CEM 141 General Chemistry .................... 4
CEM 161 Chemistry Laboratory I................. 1
CEM 162 Chemistry Laboratory IT................ 1
CEM 251 Organic Chemistry I ................... 3
CEM 252 Organic Chemistry IT................... 3
MIC 205 Allied Health Microbiology . ............. 3
MIC 302 Introductory Microbiology Laboratory . .. .. 1
MIC 463 Medical Microbiology. .................. 3
MIC 464 Diagnostic Microbiology Laboratory. . ... .. 1
PHY 231 Introductory PhysiesI..................
PHY 232 Introductory Physics IT
PSL 250 Introductory Physiology
ZOL 316 General Parasitology...................
ZOL 316L General Parasitology Laboratory . ........ 1
(2) One of the following courses (3 credits):
MTH 124 Survey of Calculus with Applications I ....3
MTH 132 CaleulusI............. .. ... ... ..... 3
(8) One of the following courses (3 or 4 credits):
STT 200 Statistical Methods .................... 3
STT 201 Statistical Methods .................... 4
STT 231 Statistics for Scientists ................. 3
STT 3851 Probability and Statistics for Engineers ... 3
STT 421 StatistiesI ........ ... .. .. ... . ... 3
b. All of the following Medical Technology courses: ........... 47
MT 212 Fundamentals of Laboratory Analysis. ........ 3

MT 213 Application of Clinical Laboratory Principles . .. 1
MT 414 Clinical Chemistry I: Laboratory Analysis

and Practice ........... .. .. .. ... 4
MT 415 Clinical Chemistry and Body Fluid Analysis

Laboratory ........... ... .. ... . ... 1
MT 416 Clinical Chemistry II: Pathophysiology and

Body Fluid Analysis...................... 4
MT 422 Hematology and Hemostasis. . ............... 4
MT 423 Hematology and Hemostasis Laboratory. ... ... 1

MT 432 Clinical Immunology and Immunohematology . . 5
MT 433 Clinical Immunology and Immunohematology

Laboratory ......... ... ... ... . ... 1
MT 442  Education and Management in the Clinical

Laboratory ........... ... ... ... 3
MT 454  Problem Solving Across Clinical Laboratory

Disciplines (W) . ......... ... . n.. 4
MT 471 Advanced Clinical Chemistry Laboratory ... ... 3
MT 472 Advanced Clinical Chemistry . ............... 1
MT 473 Advanced Clinical Hematology and Body

Fluids Laboratory ....................... 4

MT 474 Advanced Clinical Hematology and Body Fluids. 1
MT 475 Advanced Clinical Immunology and

Immunohematology Laboratory ............ 2
MT 476 Advanced Clinical Immunology and

Immunohematology . ..................... 1
MT 477 Advanced Clinical Microbiology Laboratory . ... 3
MT 478 Advanced Clinical Microbiology .............. 1
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During the clinical practicum, usually two semesters, the student may be re-
quired to relocate and/or commute to a clinical laboratory in an affiliated clinical
facility.

GRADUATE STUDY

The graduate program in clinical laboratory sciences leads to
the Master of Science degree. The program emphasizes the
multidisciplinary nature of the laboratory sciences, encour-
ages research that crosses traditional laboratory disciplines,
and promotes innovative thinking.

Hematology, immunohematology, microbiology, clinical
chemistry, urinalysis and hemostasis are represented in the
master's degree program in clinical laboratory sciences. Stu-
dents may conduct research projects with both resident and
adjunct faculty.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

Certification as a medical technologist/clinical laboratory sci-
entist is preferred, but not required, for admission to the mas-
ter's degree program in clinical laboratory sciences.

For additional information on admission, contact the
Graduate Program Director, 322 N. Kedzie Lab, Michigan
State University, East Lansing, Michigan 48824-1031.

Requirements for the Master of Science Degree
in Clinical Laboratory Sciences
A total of 30 credits is required for the degree under either Plan A (with thesis) or

Plan B (without thesis). The student's program of study must be approved by
the student's academic adviser.

CREDITS
Requtrements for Both Plan A and Plan B:
Both of the following courses:
MT 801 Medical Technology Seminar . ................... 2
MT 810 Research Planning in the Clinical
Laboratory Sciences .. .......... ... ... 2
2. At least two of the following courses:
MT 812 Advanced Clinical Chemistry . ................... 2
MT 830  Concepts in Molecular Biology 2
MT 840 Advanced Hemostasis . .........overiurnnnnenn . 2
MT 860 Clinical Laboratory Diagnosis of Infectious Diseases . 2

3. Aminimum of 6 credits in Biochemistry courses at the 800-900 level.
4. Not more than 9 credits in 400-level courses.
Additional Requirements for Plan A:

MT 899 Master's Thesis Research . ................... ... 7
Additional Requirements for Plan B:
MT 890  Selected Problems in Clinical Laboratory Science. . . . 3

DEPARTMENT of
MICROBIOLOGY and
MOLECULAR GENETICS

Jerry B. Dodgson, Chairperson

The Department of Microbiology and Molecular Genetics is
administered jointly by the colleges of Natural Science, Hu-
man Medicine, Osteopathic Medicine, and Veterinary Medi-
cine.

Microbiology involves the study of microscopic organisms:
bacteria, viruses, algae, fungi, and protozoa, as well as animal
and plant cells in culture. Microbiology also includes research



on the interaction of pathogenic and symbiotic microbes with
their hosts and the host response to infection.

Every area of modern biology incorporates aspects of micro-
biology. Microbes are not only key players in disease, indus-
trial processes, and the environment, but some of them are
also among the most intensively studied model systems in all
of biological science.

The microbiologist today may specialize in one or more of the
diverse aspects of the science. At the undergraduate level, for-
mal concentrations are offered in cell and molecular biology;
general microbiology; genomics and molecular genetics; medi-
cal microbiology and immunology; and microbial biotechnol-
ogy. Emphases are offered at all le in physiology;
biochemistry; immunology; genetics; ecology; bacteriology; vi-
rology; parasitology; mycology; and developmental, cell, and
molecular biology. A special emphasis is placed on the role of
microbiologists in environmental biology.

Employment opportunities for microbiologists exist at all
levels of education. Careers are available as teachers and re-
searchers in universities and institutes, and as scientists in a
variety of governmental, medical, and industrial laboratories.

Because the programs in microbiology offer a broad over-
view of biology, they are excellent choices for persons who are
interested in fundamental and applied biological science. Be-
cause the programs in microbiology provide the opportunity to
focus on infectious agents and the immune response, they are
also excellent choices for students who plan to apply for admis-
sion to medical schools.

Students who are enrolled in bachelor’s degree programs in
the Department of Microbiology and Molecular Genetics may
elect the specialization in food processing and technology. For
additional information, refer to the Specialization in Food
Processing and Technology statement in the Department of
Food Science and Human Nutrition statement in the College
of Agriculture and Natural Resources section of this catalog.

UNDERGRADUATE PROGRAMS

ENVIRONMENTAL BIOLOGY/MICROBIOLOGY

Environmental microbiology is a large and diverse field that
addresses concerns such as soil fertility, water purity and
quality, and safety of the food supply. Although environ-
mental biology is concerned with all members of the biosphere
and the geochemical surroundings, microorganisms are at the
heart of the biological activities in the environment. Many of
the environmental problems facing society are microbiological
ones, or ones for which microbiological solutions may be found.

The Bachelor of Science degree program with a major in en-
vironmental biology/microbiology is designed for students who
plan to pursue careers involving microbiology and the environ-
ment or who plan to pursue graduate study in microbiology
and related environmental areas.

The educational objectives of the program are to:
1. Help students to acquire knowledge of microbiology and

related environmental areas.
2. Prepare students to solve problems in environmental mi-
crobiology.

On completion of the program, the graduate may apply for
certification with the National Registry of Microbiologists of
the American Society for Microbiology.

NATURAL SCIENCE
Department of Microbiology and Molecular Genetics

Requirements for the Bachelor of Science Degree in
Environmental Biology/Microbiology:

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Environmental Biol-
ogy/Microbiology.

The University's Tier IT writing requirement for the Environmental Biology/Mi-
crobiology major is met by completing Microbiology 408. That course is referenced
in item 8.a.(3)(a) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. The following courses outside the Department of
Microbiology: . .. ..o 67
(1) All of the following courses (64 credits):
BCH 461 BiochemistryI........................ 3
BCH 462 Biochemistry I ....................... 3
BS 110 Organisms and Populations ............. 4
BS 111 Cellsand Molecules.................... 3

BS  111L Cell and Molecular Biology Laboratory . ... 2
CE 280 Introduction to Environmental Engineering 3

CEM 141 General Chemistry .................... 4
CEM 142 General and Inorganic Chemistry ........ 3
CEM 161 Chemistry Laboratory I................. 1
CEM 162 Chemistry Laboratory IT................ 1
CEM 251 Organic Chemistry I

CEM 252 Organic Chemistry IT

CEM 255 Organic Chemistry Laboratory........... 2
CSS 455 Pollutants in the Soil Environment . ... ... 3
GLG 201 The Dynamic Earth.................... 4
GLG 421 Environmental Geochemistry............ 4
MTH 132 CalculusI....... ... ... ... 3
PHY 231 Introductory PhysicsI.................. 3
PHY 232 Introductory PhysicsII................. 3
PHY 251 Introductory Physics Laboratory I........ 1
PHY 252 Introductory Physics Laboratory IT .. .. ... 1
STT 231 Statistics for Scientists ................. 3
ZOL 355 ECOlogY .. ...vvvireiiiiiaiinn 3
ZOL 355L Ecology Laboratory .................... 1

(2) One of the following courses (3 credits):*
CSE 101 Computing Concepts and Competencies .. .3

CSE 131 Introduction to Technical Computing. . .. .. 3
LBS 125 Introduction to C Language with
Applications . ... 3
LBS 126 Personal Computers and Networks ....... 3
LBS 127 Introduction to FORTRAN Language
with Applications. . .................. 3
(8) The following courses in the Department of Microbiology
and Molecular Genetics:. . ..ot 19
(a) All the following courses (16 credits):
MIC 301 Introductory Microbiology........... 3

MIC 302 Introductory Microbiology Laboratory . 1
MIC 408 Advanced Microbiology Laboratory (W) 3

MIC 421 Prokaryotic Cell Physiology ......... 3

MIC 425 Microbial Ecology. ... ... 3

MIC 431 Microbial Genetics. .. .............. 3
(b) One of the following two options (3 credits):

(i) MIC 491 Current Topics in Microbiology. . . . . 3

(i) MIC 492 Undergraduate Research Seminar. . 1
One of the following courses:
MIC 499 Undergraduate Research ......... 2
MIC 499H  Honors Research............. 2
The completion of either of these two options fulfills
the department's capstone course requirement.

(4)  One course from each of two of the following eight areas: 6t08
(a) FOR 404 Forest and Agricultural Ecology. . . ... 4
(b) FSC 440 Food Microbiology ................. 3
(¢) GEO 206 Physical Geography................ 3
GEO 221 Introduction to Geographic

Information.................... 3
(d) MIC 426 Biogeochemistry................... 3
() MIC 445 Basic Biotechnology................ 3

(f) MIC 827 Diversity of Prokaryotes

(g9 RD 430 Law and Resources 3

ZOL 446 Environmental Issues and Public Policy 3
(h) ZOL 431 Comparative Limnology ............ 4

FW 472 Limnology........................ 3

Students who pass a waiver examination for Computer Science and Engineering 101 will
not be required to complete Computer Science and Engineering 101 or 131.
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MICROBIOLOGY

The objective of the Bachelor of Science degree program with a
major in microbiology is to provide a broad foundation in sci-
ence, with emphasis in microbiology. A number of specific con-
centrations are offered in order to assist students in planning
a course of study. In addition, students are given personal
counsel to further assist them. Thus, different emphases may
be elected by students intending to acquire technical compe-
tence in the field, to pursue graduate education in microbiol-
ogy or another biological science, or to attain competence in a
basic medical science preparatory to or in conjunction with
professional study in human or veterinary medicine. On com-
pletion of the program, graduates may apply for certification
with the National Registry of Microbiologists of the American
Society for Microbiology.

In addition to the general degree requirements of the Col-
lege of Natural Science, the undergraduate program in micro-
biology encompasses fundamental training in chemistry,
mathematics, physics, and biology. This foundation provides
the prerequisites for undertaking the basic courses in microbi-
ology.

In order to increase the flexibility of the program, and to pro-
vide additional intellectual stimulation, students are encour-
aged to participate in tutored independent research for at
least two, and ideally three or more, semesters. Independent
research is available to both Honors College and other stu-
dents, and often culminates with a report written in manu-
script style by the student. This research may fulfill part of the
department's capstone course requirement for the bachelor's
degree with a major in microbiology.

Requirements for the Bachelor of Science Degree
in Microbiology

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Microbiology.

The University's Tier IT writing requirement for the Microbiology major is met
by completing Microbiology 408. That course is referenced in item 3. b. (1) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced inrequirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. The following courses outside the Department of
Microbiology: . .. oot
(1) All of the following courses (40 credits):
BCH 461 Biochemistry I
BCH 462 Biochemistry II

46 or 47

BS 110 Organisms and Populations . ............ 4
BS 111 CellsandMolecules. ................ .. 3
BS  111L Cell and Molecular Biology Laboratory . ... 2
CEM 141 General Chemistry .................... 4
CEM 142 General and Inorganic Chemistry ........ 3
CEM 161 Chemistry Laboratory I................. 1
CEM 162 Chemistry Laboratory IT................ 1
CEM 251 Organic Chemistry I ................... 3
CEM 252 Organic Chemistry IT................... 3
CEM 255 Organic Chemistry Laboratory........... 2
PHY 231 Introductory PhysiesI.................. 3
PHY 232 Introductory PhysiesII................. 3
PHY 251 Introductory Physics Laboratory I........ 1
PHY 252 Introductory Physics Laboratory IT ....... 1

(2) One of the following groups of courses (6 or 7 credits):
(a) MTH 124 Survey of Calculus with

Applications I................... 3

MTH 126 Survey of Calculus with
Applications IT. . ................ 3
(by MTH 132 CalculusI..................c.... 3
MTH 183 CaleulusIl ....................... 4

(¢) MTH 124 Survey of Calculus with
Applications I................... 3

And

STT 231 Statistics for Scientists ............. 3
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Or
STT 421 StatisticsT ......... .. ... ... 3
(d) MTH 132 CalculusI........................ 3
And
STT 231 Statistics for Scientists ............. 3
Or
STT 421 StatisticsT ......... ... ... .. ... ... 3
b. The following courses in the Department of Microbiology and
Molecular Genetics: . ..ot 16
(1) All of the following courses (13 credits):
MIC 301 Introductory Microbiology .............. 3
MIC 302 Introductory Microbiology Laboratory . . . .. 1
MIC 408 Advanced Microbiology Laboratory (W). ... 3
MIC 409 FEukaryotic Cell Biology................. 3
MIC 431 Microbial Genetics. .................... 3
(2) One of the following two options (3 credits):
(a) MIC 491 Current Topics in Microbiology. ... ... 3

() MIC 492 Undergraduate Research Seminar....1
One of the following courses:
MIC 499 Undergraduate Research
MIC 499H Honors Research ..................
The completion of Microbiology 491, or Microbiology
492 and 499 or 499H, fulfills the department's cap-
stone course requirement.

c One of the following concentrations™ ..................... 12to0 13
General Microbiology
MIC 421 Prokaryotic Cell Physiology ................. 3
Three courses from a list of approved electives® . ........... 9or 10

Cell and Molecular Biology
1. All of the following courses (10 credits):

MIC 413 ViIrology - «.vvvvniei e 3

MIC 451 Immunology.......................... 3

ZOL 341 Fundamental Genetics ................. 4
2. One of the following courses (3 credits):

MIC 421 Prokaryotic Cell Physiology ............. 3

MIC 433 Microbial Genomics. ... ..
MIC 461 Molecular Pathenogenesis
ZOL 342 Advanced Genetics. . ...................
ZOL 344 Human Genetics ......................
Genomics and Molecular Genetics
1. Both of the following courses (7 credits):

MIC 433 Microbial Genomics. ................... 3
ZOL 341 Fundamental Genetics ................. 4
2. Two of the following courses (6 credits):
MIC 418 Virology ........coviiiiiiiiii. 3
MIC 421 Prokaryotic Cell Physiology ............. 3
MIC 445 Basic Biotechnology.................... 3
MIC 451 Immunology...........eveeuiennennnn. 3
ZOL 342 Advanced Genetics..................... 3
ZOL 344 Human Genetics ...................... 3

Medical Microbiology and Immunology
1. The following courses (9 credits):

MIC 4183 VIrologY - «vcvviiiee i 3
MIC 451 Tmmunology..........coovveuuennennnn. 3
MIC 461 Molecular Pathogenesis................. 3

2. One of the following courses (3 credits):
EPI 390 Disease in Society: An Introduction to

Epidemiology and Public Health ....... 3
FSC 440 Food Microbiology .. ........cuvniin... 3
MIC 421 Prokaryotic Cell Physiology ............. 3
MIC 463 Medical Microbiology................... 3

Microbial Biotechnology
1. All of the following courses (9 credits):
MIC 421 Prokaryotic Cell Physiology ............. 3
MIC 433 Microbial Genomics
MIC 445 Basic Biotechnology
2. One of the following courses (3 credits):
CHE 491 Selected Topics in Chemical Engineering®. . 3

FSC 440 Food Microbiology .. ......c.couuvnnvn... 3
MIC 4183 Virology - «.vvvvuiee i 3
MIC 425 Microbial Ecology. ..................... 3
MIC 451 Immunology.......................... 3

1 . . . .
Advisers may recommend individual course options to accommodate student needs and
abilities.

: Copies of this list are available in the department office.

3 . . BT . .
Topic restricted to Multidisciplinary Bioprocessing Laboratory.

GRADUATE STUDY

The Department of Microbiology and Molecular Genetics is
administered jointly by the colleges of Natural Science, Hu-
man Medicine, Osteopathic Medicine, and Veterinary Medi-
cine. Study for the Master of Science or Doctor of Philosophy
degree with a major in microbiology may be administered by
any one of the four colleges referenced above. Study for the
Doctor of Philosophy degree with a major in microbiology—en-



vironmental toxicology is administered by the College of Vet-
erinary Medicine.

The Department of Microbiology and Molecular Genetics is
affiliated with the Doctor of Philosophy degree program with a
major in ecology, evolutionary biology and behavior. For infor-
mation about a Doctor of Philosophy degree program that in-
volves ecology, evolutionary biology and behavior and a major
in the Department of Microbiology and Molecular Genetics,
refer to the statement on the doctoral program in ecology, evo-
lutionary biology and behavior.

Students who are enrolled in the Doctor of Philosophy de-
gree program with a major in microbiology may elect a spe-
cialization in biotechnology. For additional information, refer
to the statement on the specialization.

Students who are enrolled in the Master of Science degree
program in the Department of Microbiology and Molecular Ge-
netics may elect a specialization in ecology, evolutionary biol-
ogy and behavior. For additional information, refer to the
statement on the specialization.

MICROBIOLOGY

In general, qualified students will be admitted to graduate
study leading directly to the Ph.D. degree in microbiology.
Students who are enrolled in the professional programs in the
colleges of Human Medicine, Osteopathic Medicine, and Vet-
erinary Medicine, or in professional programs in other col-
leges, may pursue a graduate degree in microbiology
concurrently.

The objective of the graduate programs in microbiology is to
provide basic education in various subdisciplines of microbiol-
ogy and intensive research experience in specialty areas rela-
tive to the student's interest. In the master's program,
students extend their comprehension of microbiology and cog-
nate science through advanced course work, seminars, and re-
search. The Doctor of Philosophy is a research—oriented
degree; the emphasis is placed on original research, and the
aim is to enable the student to become a self—educating and
creative scholar. Facilities and opportunities are also avail-
able for post doctoral associates. Financial subsidy is available
for qualified applicants.

A new graduate student in microbiology is advised by the Di-
rector of Graduate Studies until a major professor is chosen.
This choice should be made by the end of the second semester
of enrollment in the program. The major professor assists the
student in selecting a guidance committee. The committee
helps the student in planning a program of study. The pro-
gram must be approved by the end of the third semester of en-
rollment in the program. A Manual for Graduate Study in
Microbiology is available from the department. This manual
contains a philosophy of graduate education and information
about the department's master's and doctoral degree pro-
grams and related procedures.

Several members of the faculty of the Department of Micro-
biology and Molecular Genetics are appointed jointly in other
departments or are affiliated with the NSF Science and Tech-
nology Center for Microbial Ecology or with the Michigan Bio-
technology Institute. Some members of the faculty contribute
to interdepartmental graduate programs of study.

Scheduled courses and research are offered at the W. K. Kel-
logg Biological Station located at Gull Lake, near Battle
Creek.

Master of Science

Most students admitted to the M.S. program in microbiology
have the Ph.D. degree as their eventual goal.

NATURAL SCIENCE
Department of Microbiology and Molecular Genetics

In addition to meeting the requirements of the University
and of the College of Natural Science, Human Medicine, Os-
teopathic Medicine, or Veterinary Medicine, students must
meet the requirements specified below.

Admission

In general, applicants should have had the equivalent of an
academic year each of physics, inorganic chemistry, and or-
ganic chemistry; one biochemistry course; mathematics
through integral calculus; and one or more courses in the bio-
logical sciences. Applicants should have proficiency in written
and spoken English, a minimum grade—point average of 3.00,
and grades of 3.0 or above in science and mathematics courses.
Scores on the Graduate Record Examination General Test and
a personal letter of professional intent and objectives are re-
quired. Although preparation in the fundamentals of microbi-
ology is desirable, interested students with degrees in any of
the physical or biological sciences or mathematics are invited
to apply for admission to the program. Applicants not possess-
ing all of the requirements may be admitted to the program
provisionally and permitted to make up deficiencies on a col-
lateral basis.

Requirements for the Master of Science Degree
in Microbiology

The student must complete 30 credits under Plan A (with the-
sis). Atleast 5 credits of master's thesis research are required.
The final oral examination, which covers both course work
and thesis research, is administered by the student's guidance
committee and a representative of the department Graduate
Committee. The examining committee recommends a grade
for the thesis research and the advisability of further graduate
study. All master's students are required to participate in
laboratory teaching, and are expected to attend departmental
seminars.

Doctor of Philosophy

In addition to meeting the requirements of the University and
of the College of Natural Science, Human Medicine, Osteo-
pathic Medicine, or Veterinary Medicine, students must meet
the requirements specified below.

Admission

A student may apply for admission to the doctoral program in
Microbiology when the individual is about to earn or has
earned a Bachelor of Science, Bachelor of Arts, Master of Sci-
ence, or a professional medical degree. In general, applicants
should have had the equivalent of an academic year each of
physics, inorganic chemistry, and organic chemistry; one bio-
chemistry course; mathematics through integral calculus; and
one or more courses in the biological sciences. Applicants
should have proficiency in written and spoken English, a
minimum grade—point average of 3.00, and grades of 3.0 or
above in science and mathematics courses. Scores on the
Graduate Record Examination General Test and a personal
letter of professional intent and objectives are required. Al-
though preparation in the fundamentals of microbiology is de-
sirable, interested students with degrees in any of the
physical or biological sciences or mathematics are invited to
apply for admission to the program. Applicants not possessing
all of the requirements may be admitted to the program provi-
sionally and permitted to make up deficiencies on a collateral
basis.
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Requirements for the Doctor of Philosophy Degree
in Microbiology

The student must:

1. Complete a minimum of five graduate courses (excluding
topics and seminar courses) covering the areas of genetics,
microbiology, and biochemistry. At least two of these
courses must be offered by the Department of Microbiol-
ogy and Molecular Genetics.

2. Complete four graduate seminar courses, each of which
involves an oral presentation by the student.

3. Complete at least two, and preferably three, rotations in
the laboratories of different faculty members in the De-
partment of Microbiology and Molecular Genetics. This
requirement must be completed by the end of the first cal-
endar year of enrollment in the program.

4. Passthe preliminary examination, which involves an oral
defense of the research proposal. This examination is nor-
mally given at the end of the second year of enrollment in
the program.

5. Submit a dissertation and a publishable manuscript,
based on original research and representing a new and
significant contribution to knowledge.

All doctoral students in microbiology are required to partici-
pate in laboratory teaching, and are expected to attend depart-
mental seminars.

Academic Standards

Failure to pass the preliminary examination will result in dis-
missal from the program.

MICROBIOLOGY—ENVIRONMENTAL TOXICOLOGY

Doctor of Philosophy

For information about the Doctor of Philosophy degree pro-
gram in microbiology—environmental toxicology, refer to the
statement on Multidepartmental Doctoral Programs in Envi-
ronmental Toxicology in the Graduate Education section of
this catalog.

DEPARTMENT of
PHYSICS and ASTRONOMY

Raymond L. Brock, Chairperson

Physics is the study of the physical universe. By means of ob-
servation, experiment and theoretical constructions it at-
tempts to find the principles which describe that universe.
Light, matter, sound, electricity and magnetism, energy, force
and motion, atomic and nuclear structure, nuclear reactions,
solid state, elementary particles and particle accelerators are
among the topics of physics. A study of physics provides the ba-
sic understanding of nature and involves the analytical skills
essential for solving many of the social and environmental
problems of contemporary society. A physics major is appro-
priate for the preprofessional student.

Astronomy is the study of the universe beyond the earth.
The laws of physics, as they are known from laboratory experi-
ments on earth, are applied to interstellar gas, stars, galaxies,
and space itself in an attempt to deduce the detailed physical
state of these entities. This application frequently involves a
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study of matter under environmental extremes that cannot be
duplicated in the laboratory, and from this point of view the
universe becomes a laboratory in which naturally occurring
phenomena subject matter to very large ranges of ambient
physical parameters. Cosmology, a branch of astronomy, at-
tempts to use the properties of the universe, as they are known
now, to understand its history and its probable future develop-
ment.

The department offers diversified courses in physics and as-
tronomy. Undergraduate programs with different emphases
may be planned through an appropriate choice of electives
from the diverse departmental courses. In addition, different
emphases may be gained by concentrating the electives in geo-
physics, civil engineering, computer science, electrical engi-
neering and systems science, energy science, materials
science, mechanical engineering and chemical engineering.

UNDERGRADUATE PROGRAMS

Bachelor of Science with a Major in Physics

The Bachelor of Science degree with a major in physics is de-
signed to provide a thorough foundation in the field of physics
together with considerable background in mathematics and a
balanced program in the liberal arts. It is designed for those
with an interest in:

a. Graduate Study." Within the requirements listed be-
low, the student's electives should emphasize theory
in such areas as electricity and magnetism, quantum
mechanics, additional mathematics, and computer
programming.

b. Experimental Physics as a preparation for positions
in government and industry." Students taking this
program have an opportunity to obtain a basic back-
ground in mechanics, electricity and electronics,
thermodynamics, optics, and modern physics. They
will also have an opportunity to acquire strong ex-
perimental training in at least two and probably
three of the following areas: electronics, modern op-
tics, nuclear physics, and solid state (materials)
physics. Computer programming courses and experi-
ence are strongly recommended.

1 . . -
Recommended programs of study are available in a Department of Physics and Astronomy
brochure.

Requirements for the Bachelor of Science Degree
in Physics

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Physics.

The University's Tier II writing requirement for the Physics major is met by
completing one of the clusters of courses referenced in item 8. b. (2) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. The following courses outside the Department of Physics and
31 or 32
(1) One of the following courses (3 or 4 credits):
BOT 105 PlantBiology .........................
BS 110 Organisms and Populations . ...
BS 111 Cells and Molecules.............
ENT 205 Pests, Society and Environment




MIC 205 Allied Health Microbiology . ............. 3
PSL 250 Introductory Physiology ................ 4
ZOL 141 Introductory Human Genetics ........... 3

(2) One of the following pairs of courses (7 credits):
(a) CEM 141 General Chemistry ................ 4
CEM 142 General and Inorganic Chemistry ....3
(b) CEM 151 General and Descriptive Chemistry . .. 4
CEM 152 Principles of Chemistry............. 3
(8) All of the following courses (21 credits):

CEM 161 Chemistry Laboratory I................. 1
MTH 132 CalculusI....... ... ... ...t 3
MTH 133 CalculusII...... ... ..., 4
MTH 234 Multivariable Caleulus . ................ 4
MTH 235 Differential Equations. ................. 3

Two Mathematics courses at the 300 level or above of at
least 3 credits each (6 credits).
b. The following courses in the Department of Physics and Astro—

TIOMNLY: & ottt e et e e e e 34 to 48
(1) All of the following courses (21 credits):

PHY 191 Physics Laboratory for Scientists, I....... 1

PHY 192 Physics Laboratory for Scientists, IT ... ... 1

PHY 321 Classical MechanicsT .................. 3

PHY 410 Thermal and Statistical Physics.......... 3

PHY 440 Electronics ...............cooinin...

PHY 451 Advanced Laboratory ..................

PHY 471 Quantum PhysicsI ............

PHY 481 Electricity and Magnetism I

(2) One of the following clusters of courses (4 to 6 credits):
(a) Thesis cluster:
PHY 390 Physics Journal Seminar............ 1
PHY 490 SeniorThesis..................... 3
(by Lecture course cluster:
PHY 491 Atomic, Molecular, and Condensed

Matter Physics.................. 3
PHY 492 Nuclear and Elementary Particle
Physics . ... 3
(8) One of the following courses (8 or 4 credits):
PHY 183 Physics for Scientists and EngineersI..... 4
PHY 183B Physics for Scientists and Engineers I, CBI 4
PHY 193H Honors Physics [—Mechanics. .. ......... 3

(4) One of the following courses (3 or 4 credits):
PHY 184 Physics for Scientists and Engineers IT .. .. 4
PHY 184B Physics for Scientists and

Engineers I, CBL. . .................. 4
PHY 294H Honors Physics II—Electromagnetism. . . . . 3
(5) One of the following courses (3 credits):
PHY 215 Thermodynamics and Modern Physics. . ... 3
PHY 215B Thermodynamics and Modern
Physics, CBL. . ...... ...t 3

The completion of Physics 390 and 490, or Physics 491 and 492,
fulfills the department's capstone course requirement.

Bachelor of Science with a Major in Astrophysics

The Bachelor of Science degree with a major in Astrophysics is
designed to provide an extensive background in both physics
and astrophysics; a student who graduates with this degree
may apply for admission to graduate study in either astron-
omy or physics.

Requirements for the Bachelor of Science Degree
in Astrophysics

1.

3.

The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Astrophysics.

The University's Tier II writing requirement for the Astrophysics major is met
by completing Astronomy and Astrophysics 301 and 3 or 4 credits of Astronomy
and Astrophysics 410. Those courses are referenced in item 3. b. (1) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

The following requirements for the major:

CREDITS
a. The following courses outside the Department of Physics and
ASErONOMY: .« v ot 25 or 26
(1) One of the following courses (3 or 4 credits):
BOT 105 PlantBiology ......................... 3
BS 110 Organisms and Populations ............. 4
BS 111 Cellsand Molecules.................... 3
ENT 205 Pests, Society and Environment. . ........ 3
MIC 205 Allied Health Microbiology . ............. 3
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PSL 250 Introductory Physiology ................ 4
ZOL 141 Introductory Human Genetics ........... 3
(2) One of the following pairs of courses (7 credits):
(a) CEM 141 General Chemistry ................ 4
CEM 142 General and Inorganic Chemistry ....3
(by CEM 151 General and Descriptive Chemistry .. 4
CEM 152 Principles of Chemistry ............ 3
(8) All of the following courses (15 credits):
CEM 161 Chemistry Laboratory ................. 1
MTH 132 CaleulusI............. .. ... ... ..... 3
MTH 133 CalculusIl......... ... ... oot 4
MTH 234 Multivariable Calculus ................ 4
MTH 235 Differential Equations. ................. 3
b. The following courses in the Department of Physics and Astro—
BT ) ' 40 to 43
(1) All of the following courses (31 or 32 credits):
AST 201 Astrophysics and Astronomy I ........... 3
AST 202 Astrophysics and Astronomy II. . ......... 4
AST 301 Junior Research Seminar ............... 1
AST 401 Stars.........vviriiiiinnnnn.
AST 402 Galaxies .............
AST 410 Senior Thesis'
PHY 191 Physics Laboratory for Scientists, I....... 1
PHY 192 Physics Laboratory for Scientists, IT ... ... 1
PHY 321 Classical MechanicsI .................. 3
PHY 410 Thermal and Statistical Physics.......... 3
PHY 471 Quantum PhysiesT .................... 3
PHY 481 Electricity and MagnetismI............. 3

The completion of Astronomy and Astrophysics 410 ful-
fills the department's capstone course requirement.
(2) One of the following courses (3 or 4 credits):

PHY 183 Physics for Scientists and EngineersI.. ... 4
PHY 183B Physics for Scientists and

Engineers I, CBI ................. ... 4
PHY 193H Honors Physics I—Mechanics. .. ......... 3

(8) One of the following courses (3 or 4 credits):
PHY 184 Physics for Scientists and Engineers IT . ... 4
PHY 184B Physics for Scientists and

Engineers I[, CBL. . .................. 4
PHY 294H Honors Physics [I—Electromagnetism. . . .. 3
(4) One of the following courses (3 credits):
PHY 215 Thermodynamics and Modern Physics. . . .. 3
PHY 215B Thermodynamics and Modern
Physics, CBL. . ........ ..ot 3

The student must enroll in Astronomy and Astrophysics 410 in each of two different se-
mesters for a total of 3 or 4 credits.

Bachelor of Arts with a Major in Physics

The Bachelor of Arts degree with a major in physics is pro-
vided for those students who wish a physics major combined
with a broader education in the liberal arts than the Bachelor
of Science degree program permits. This degree program is
also suitable for those students who plan to meet the require-
ments for teacher certification.

Requirements for the Bachelor of Arts Degree in Physics

1.

o

The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Arts degree in Physics.
The University's Tier II writing requirement for the Physics major is met by
completing one of the clusters of courses referenced in item 8. b. (2) below.
Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.
The requirements of the College of Natural Science for the Bachelor of Arts degree.
The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.
The following requirements for the major:

CREDITS
a. The following courses outside the Department of Physics and

ASErOnOMY: .« ot 25 or 26
(1) One of the following courses (3 or 4 credits):

BOT 105 PlantBiology ......................... 3

BS 110 Organisms and Populations . ............ 4

BS 111 CellsandMolecules.................... 3

ENT 205 Pests, Society and Environment. . ........ 3

MIC 205 Allied Health Microbiology .............. 3

PSL 250 Introductory Physiology ................ 4

ZOL 141 Introductory Human Genetics ........... 3
(2) One of the following courses (4 credits):

CEM 141 General Chemistry .................... 4

CEM 151 General and Descriptive Chemistry . ... ... 4

(3) All of the following courses (18 credits):

46



NATURAL SCIENCE
Department of Physics and Astronomy

CEM 161 Chemistry LaboratoryI................. 1
MTH 132 CaleulusI....... ..ot 3
MTH 133 CaleulusII........... .. ... ... ..... 4
MTH 234 Multivariable Caleulus ................. 4
MTH 235 Differential Equations. ................. 3

One Mathematics course at the 300 level or above of at
least 3 credits.

b. The following courses in the Department of Physics and Astro—
TIOIILY: « ot v vttt e e e e e e e e s 27 to 32
(1) All of the following courses (8 credits):
PHY 191 Physics Laboratory for Scientists, I ....... 1
PHY 192 Physics Laboratory for Scientists, IT . ... .. 1
PHY 321 Classical MechaniesI .................. 3
PHY 410 Thermal and Statistical Physics.......... 3

(2)  One of the following clusters of courses (4 to 6 credits):
(a) Thestis cluster:
PHY 390 Physics Journal Seminar............ 1
PHY 490 SeniorThesis..................... 3
(b) Lecture course cluster:
PHY 491 Atomic, Molecular, and Condensed

Matter Physics.................. 3
PHY 492 Nuclear and Elementary Particle
Physics . ........ ... 3
(8) One of the following courses (3 or 4 credits):
PHY 183 Physics for Scientists and EngineersI.. ... 4
PHY 183B Physics for Scientists and
Engineers I, CBI ................. ... 4
PHY 193H Honors Physics I—Mechanics. .. ......... 3

(4) One of the following courses (3 or 4 credits):
PHY 184 Physics for Scientists and Engineers IT . ... 4
PHY 184B Physics for Scientists and

Engineers I, CBIL. .. ................. 4
PHY 294H Honors Physics II—Electromagnetism. . . . . 3
(5) One of the following courses (3 credits):
PHY 215 Thermodynamics and Modern Physics. . . .. 3
PHY 215B Thermodynamics and Modern
Physics, CBL. . ...... ...t 3
(6) One of the following courses (3 or 4 credits):
PHY 431 OptiesT. ..., 3
PHY 440 Electronics ............ ... .. 4
(7) One of the following courses (3 credits):
PHY 471 Quantum PhysiesI .................... 3
PHY 481 Electricity and Magnetism I............. 3

The completion of Physics 390 and 490 or Physics 491 and 492,
fulfills the department's capstone course requirement.

TEACHER CERTIFICATION OPTIONS

The physics disciplinary majors leading to the Bachelor of Arts
and Bachelor of Science degrees are available for teacher certi-
fication.

A physics disciplinary minor is also available for teacher
certification.

Students who elect a physics disciplinary major or the phys-
ics disciplinary minor must contact the Department of Physics
and Astronomy.

For additional information, refer to the statement on
TEACHER CERTIFICATION in the Department of Teacher
Education section of this catalog.

GRADUATE STUDY

The Department of Physics and Astronomy offers graduate
programs leading to the Master of Science and Doctor of Phi-
losophy degrees.

Current experimental research programs include work in
condensed matter physics, low— and medium—energy nuclear
physics, elementary particles, low—temperature physics, cy-
clotron design, and astronomy. Theoretical studies are in
progress in astrophysics and in elementary particle, nuclear,
and condensed matter physics.

Students who are enrolled in master’s or doctoral degree
programs in the Department of Physics and Astronomy may
elect an interdepartmental specialization in cognitive science.
For additional information, refer to the statement on Interde-
partmental Graduate Specializations in Cognitive Science in
the College of Social Science section of this catalog. For addi-
tional information, contact the Department of Physics and As-
tronomy.
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ASTROPHYSICS AND ASTRONOMY

The aim of the Master of Science and Doctor of Philosophy de-
gree programs in astrophysics and astronomy is to help stu-
dents to develop the ability to perform independent research
and to teach in this field.

Master of Science

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

For admission to the master's degree program in astrophysics

and astronomy on regular status, the student must have:

1. Completed mathematics and astronomy or physics
courses equivalent to those that are required for an un-
dergraduate major in physics or astronomy.

2. A satisfactory grade—point average, normally at least
3.00, in the courses referenced in item 1. above.

Students who do not meet the requirements for admission to
the program on regular status may be admitted on a provi-
sional basis to remove deficiencies.

Requirements for the Master of Science Degree
in Astrophysics and Astronomy

The student must:

1. Complete a total of 30 credits for the degree under either
Plan A (with thesis) or Plan B (without thesis).

2. Passwith a grade of 3.0 (B) or better each course in a set of
core courses in physics and astronomy that covers classi-
cal mechanics, statistical mechanics, electricity and mag-
netism, quantum mechanics, radiation astrophysics,
stellar astrophysics, galactic and extra galactic dynamics,
and astronomical instrumentation and data analysis.

3. Passwithagrade of 3.0 (B) or better the qualifying exami-
nation based on undergraduate and first—year graduate—-
level physics and astronomy courses. This examination is
offered in the fall and spring semesters and must be taken
by the middle of the second year of enrollment in the pro-
gram, unless the student receives permission to take the
examination later. Detailed regulations and sample ex-
aminations are available from the departmental office.

Doctor of Philosophy

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

For admission to the doctoral degree program in astrophysics

and astronomy on regular status, the student must have:

1. Completed mathematics and astronomy or physics
courses equivalent to those that are required for an un-
dergraduate major in physics or astronomy.

2. A satisfactory grade—point average, normally at least
3.00, in the courses referenced in item 1. above.

Students who do not meet the requirements for admission to
the program on regular status may be admitted on a provi-
sional basis to remove deficiencies.



Requirements for the Doctor of Philosophy Degree
in Astrophysics and Astronomy

The student must:

1. Passwith agrade of 3.0 (B) or better each course in a set of
core courses in physics and astronomy that covers classi-
cal mechanics, statistical mechanics, electricity and mag-
netism, quantum mechanics, radiation astrophysics,
stellar astrophysics, galactic and extra galactic dynamics,
and astronomical instrumentation and data analysis.

2. Pass with a grade of 4.0 (A) the qualifying examination
based on undergraduate and first—year graduate—level
physics and astronomy courses. This examination is of-
fered in the fall and spring semesters and must be taken
by the middle of the second year of enrollment in the pro-
gram, unless the student receives permission to take the
examination later. Detailed regulations and sample ex-
aminations are available from the departmental office.

3. Complete a dissertation that presents the results of an
original observational or theoretical investigation.

4. Complete one semester of half~time teaching.

CHEMICAL PHYSICS

For information about the Doctor of Philosophy degree pro-
gram with a major in chemical physics, refer to the statement
on the Department of Chemistry.

PHYSICS

Master of Science

In addition to meeting the requirements of the University and
of the College of Natural Science, students must meet the re-
quirements specified below.

Admission

For admission to the master's degree program in physics on

regular status, the student must have:

1. Completed physics and mathematics courses equivalent
to those that are required for an undergraduate major in
physics.

2. A satisfactory grade—point average, normally at least
3.00, in the courses referenced in item 1. above.

Students who do not meet the requirements for admission to
the program on regular status may be admitted on a provi-
sional basis to remove deficiencies.

Requirements for the Master of Science Degree
in Physics

The student must complete a total of 30 credits for the degree
under either Plan A (with thesis) or Plan B (without thesis).
A grade of at least 3.0 (B) on the qualifying examination
based on first—year graduate—level physics courses in classical
mechanics, quantum mechanics, electrodynamics, and statis-
tical mechanics is required. This examination is offered in the
fall and spring semesters and must be taken the first time that
it is offered after the student has completed his or her first
year of graduate study. Detailed regulations and sample ex-
aminations are available from the departmental office.
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Doctor of Philosophy

In addition to meeting the requirements of the University and
the College of Natural Science, students must meet the re-
quirements specified below.

Admission

For admission to the doctoral degree program in physics on

regular status, the student must have:

1. Completed physics and mathematics courses equivalent
to those that are required for an undergraduate major in
physics.

2. Agrade—point average of at least 3.00 in the courses refer-
enced in item 1. above.

Evidence of some undergraduate or post graduate research
experience is desirable.

Students who do not meet the requirements for admission to
the program on regular status may be admitted on a provi-
sional basis to remove deficiencies.

Requirements for the Doctor of Philosophy Degree
in Physics

A grade of 4.0 (A) on the qualifying examination based on
first—year graduate—level physics courses in classical me-
chanics, quantum mechanics, electrodynamics, and statistical
mechanics is required. This examination is offered in the fall
and spring semesters and must be taken the first time that it
is offered after the student has completed his or her first year
of graduate study. Detailed regulations and sample examina-
tions are available from the departmental office. A disserta-
tion presenting the results of an original laboratory or
theoretical investigation is required. One semester of half—
time teaching is also required.

DEPARTMENT of
PHYSIOLOGY

William S. Spielman, Chairperson

The Department of Physiology is administered jointly by the
colleges of Natural Science, Human Medicine, Osteopathic
Medicine, and Veterinary Medicine.

Physiology is the study of the basic physicochemical pro-
cesses which occur in living organisms. Its unique concerns
are integrative and regulatory phenomena of cells, tissues,
and organs. Examples of these are physical and chemical com-
munication among nerve cells in the brain; digestion and ab-
sorption of food; exchange of carbon dioxide and oxygen in the
lungs and in other tissues; regulation of the blood pressure
and performance of the heart; control of secretion of hormones
by the brain; the effect of hormones on target tissues; and the
implantation, growth, and delivery of the fetus. Physiologists
study the impact of stress on these functions, including the
stresses of exercise, acceleration, hemorrhage, temperature,
humidity, radiation, aging, pregnancy, environmental toxins,
and disease, and they study the comparative aspects of these
functions in different animals.

Physiology integrates the physics and chemistry of biologi-
cal systems to describe the functions of the parts of the body or
of the organism as a whole. Consequently, the student of
physiology must have a basic understanding of cell biology, zo-
ology, physics, chemistry, and mathematics. Because the Doc-
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tor of Philosophy is usually the working degree for
professional physiologists, the undergraduate program in
physiology is designed to provide preparation for advanced
study in physiology. This program is also designed to prepare
students for graduate study in other areas of applied biology,
and can serve as preprofessional training.

UNDERGRADUATE PROGRAM

Requirements for the Bachelor of Science Degree
in Physiology

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Physiology.

The University's Tier II writing requirement for the Physiology major is met by
completing two of the following courses: Physiology 440, 441, 442, 443, 444, 445,
446, 447, 448, 449, 450. Those courses are referenced in item 3. b. (2) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. The requirements of the College of Natural Science for the Bachelor of Science de-
gree.

The completion of the Biological Science, Chemistry, Mathematics, and Physics
courses referenced in requirement 3. below satisfies the requirements referenced
initem 3.a.(1) through (5) under the heading Graduation Requirements in the Col-
lege statement. The credits earned in other courses referenced in requirement 3.
below may be counted toward other College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. The following courses outside the Departient of Physiology: . 64 to 66
(1) All of the following courses (43 credits):
BCH 461 BiochemistryI............. ... ... .... 3
BCH 462 Biochemistry IT ....................... 3
BS 110 Organisms and Populations ............. 4
BS 111 Cellsand Molecules ................... 3
BS  111L Cell and Molecular Biology Laboratory . ... 2
CEM 141 General Chemistry .................... 4
CEM 142 General and Inorganic Chemistry ........ 3
CEM 161 Chemistry Laboratory I................. 1
CEM 162 Chemistry Laboratory IT................ 1
CEM 251 Organic Chemistry I ................... 3
CEM 252 Organic Chemistry IT .................. 3
CEM 255 Organic Chemistry Laboratory........... 2
CEM 383 Introductory Physical Chemistry I........ 3
PHY 231 Introductory PhysicsI.................. 3
PHY 232 Introductory PhysicsII................. 3
PHY 251 Introductory Physics Laboratory I........ 1
PHY 252 Introductory Physics Laboratory IT .. .. ... 1
(2) One of the following courses (3 or 4 credits):
ANT 316 General Human Anatomy .............. 3
KIN 216 Applied Human Anatomy ... ............ 3
ZOL 320 Developmental Biology ................. 4
ZOL 328 Comparative Anatomy and Biology
of Vertebrates. ...................... 4
(8) One of the following pairs of courses (6 or 7 credits):
(a) MTH 132 CalculusI............ ... ... .. ... 3
MTH 183 CaleulusIl ....................... 4
(b)y MTH 124 Survey of Calculus with
Applications I................... 3
MTH 126 Survey of Calculus with
Applications IT.................. 3

(4) Twelve credits in nonscience courses beyond the credits
that are counted toward University requirements.
b. The following courses in the Department of Physiology: .. ... 15
(1) All of the following courses (11 credits):
PSL 410 Computational Problem Solving

in Physiology ........... ... ... .. ... 3
PSL. 431 Human Physiology I ................... 3
PSL 432 Human Physiology II................... 3
PSL 475 Capstone Laboratory in Physiology . ... ... 2

The completion of Physiology 475 satisfies the depart-
ment's capstone course requirement.
(2) Two of the following courses (4 credits):

PSL 440 Topics in Cell Physiology ............... 2
PSL 441 Topics in Endocrinology . ............... 2
PSL 442 Topics in Cardiovascular Physiology ... ... 2
PSL 443 Topics in Respiratory Physiology . ........ 2
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PSL 445 Topics in Environmental Physiology ... ... 2
PSL 446 Topics in Visual Physiology. . ............ 2
PSL 447 Topics of Brain Function................ 2
PSL 448 Topics in Gastrointestinal Physiology .. ... 2
PSL 449 Developmental Neurophysiology ......... 2
PSL 450 Laboratory in Human Physiology ........ 2

GRADUATE STUDY

The Department of Physiology is administered jointly by the
colleges of Natural Science, Human Medicine, Osteopathic
Medicine, and Veterinary Medicine. Study for the Master of
Science or Doctor of Philosophy degree with a major in physi-
ology may be administered by any one of the four colleges ref-
erenced above. Study for the Doctor of Philosophy degree with
a major in physiology—environmental toxicology is adminis-
tered by the College of Veterinary Medicine.

Students who are enrolled in master’s or doctoral degree
programs in the Department of Physiology may elect an inter-
departmental specialization in cognitive science. For addi-
tional information, refer to the statement on
Interdepartmental Graduate Specializations in Cognitive Sci-
ence in the College of Social Science section of this catalog. For
additional information, contact the Department of Physiol-

ogy.

PHYSIOLOGY

The department offers work leading to the Doctor of Philoso-
phy degree and in some cases to the Master of Science degree.
The principal objectives of graduate education in physiology
are to obtain broad, basic knowledge in the subject matter of
this and related fields, and to obtain training in physiological
research methods. Major emphasis is placed upon the comple-
tion by the student of original research which should provide a
significant contribution to knowledge. The facilities and staff
are particularly suited to offer training in the following areas
of physiology: cellular and molecular physiology, endocrinol-
ogy, the cardiovascular system, gastrointestinal physiology
and metabolism, neurophysiology, respiration, radiobiology,
lactation, renal function, reproduction, comparative physiol-
ogy, and biophysics.

A manual available at the department graduate office con-
tains information on admission policies, financial support,
and requirements for the Master of Science and Doctor of Phi-
losophy degree programs in physiology. Departmental gradu-
ate stipends are awarded on the basis of merit, subject to the
availability of funds.

Master of Science

In addition to meeting the requirements of the University and
of the College of Natural Science, Human Medicine, Osteo-
pathic Medicine, or Veterinary Medicine, students must meet
the requirements specified below.

Admission

An undergraduate major in physiology is not a prerequisite to
graduate study. However, a broad background in the basic sci-
ences, including biology, chemistry, physics, and mathematics
(through calculus), is essential. The minimum requirements
include one year of physiology, biology, or zoology; one year
each of mathematics and physics; and chemistry through or-
ganic and quantitative analysis. A deficiency in these require-
ments may be removed by successfully completing
appropriate courses as collateral work early in the graduate
program. Admission is based upon evaluation of the student's



past record, results of the Graduate Record Examination, and
recommendations.

Requirements for the Master of Science Degree
in Physiology

The student must complete 30 credits under Plan A (with the-
sis). The program of study is planned by the student in consul-
tation with a major adviser and an advisory committee that
includes no fewer than two additional faculty members. Usu-
ally work in one or more supporting areas is required in addi-
tion to that taken in the major field. Completion of an original
research problem and the writing of an acceptable thesis
based upon at least 8 credits of research are required.

Doctor of Philosophy

In addition to meeting the requirements of the University and
of the College of Natural Science, Human Medicine, Osteo-
pathic Medicine, or Veterinary Medicine, students must meet
the requirements specified below.

Admission

Entry into the Doctor of Philosophy degree program requires
that the student has a major adviser and has earned 30 gradu-
ate credits, or holds a Master of Science or professional degree,
or has passed the departmental Comprehensive Examination.

Requirements for the Doctor of Philosophy Degree
in Physiology

Students entering a doctoral program with advanced standing
must meet with the guidance committee within the first two
semesters of doctoral study. The committee is composed of at
least four faculty members, in addition to the major adviser,
and must include one representative from another depart-
ment. The course work, research program, and overall re-
quirements needed to qualify for candidacy for the degree are
planned in consultation with the guidance committee. How-
ever, the student's Guidance Committee Report is approved by
the committee only after the student has demonstrated the po-
tential to do research. Such potential may be demonstrated by
any of the following:

a. previous attainment of a master's degree with a the-

sis
b. previous publication of research results
c. other documented evidence of research capability.

The student must pass the Comprehensive Examination
within the first two years of graduate study. The Comprehen-
sive Examination which tests the student's breadth of knowl-
edge in physiology, is administered by the Graduate and
Professional Course and Curriculum Committee. The student
prepares a thesis research proposal and presents the proposal
to the faculty at a seminar. The proposal must be acceptable to
the guidance committee. While the program is in progress, the
student meets periodically with the guidance committee for
evaluation.

A dissertation based on original research outlined in the
proposal must be submitted to, approved by, and defended in
an oral examination before the guidance committee. The dis-
sertation is expected to show evidence of originality in its con-
ception and execution and must be written in a clear and
logical manner. Typically, three or more years of study beyond
the bachelor's degree are needed to meet these requirements.
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PHYSIOLOGY—ENVIRONMENTAL TOXICOLOGY

Doctor of Philosophy

For information about the Doctor of Philosophy degree pro-
gram in physiology—environmental toxicology, refer to the
statement on Multidepartmental Doctoral Programs in Envi-
ronmental Toxicology in the Graduate Education section of
this catalog.

DEPARTMENT of
STATISTICS and
PROBABILITY

Habib Salehi, Chairperson

Statistics is the study of methods of drawing inferences from
sets of data. These methods are based on probability theory
and depend for their application upon the existence of a statis-
tical regularity in natural events. In the present century, tre-
mendous strides have been made in the physical, biological,
and social sciences as well as in engineering and business by
the use of statistical methods and models to describe and aid
in the explanation of basic phenomena. In the last few dec-
ades, a strong interest has developed in the intensive study of
statistical inference aside from its uses, in the same way that
physical sciences have developed aside from engineering.

UNDERGRADUATE PROGRAMS

The first two years of an undergraduate program in statistics
stress development of a solid background in two areas: basic
mathematics and computers. In addition, it is recommended
that students planning to major in statistics complete either
Statistics and Probability 201 or 231 in their freshman or
sophomore years. The rest of the student's program involves a
mixture of work selected from statistics, mathematics, com-
puter programming, and possibly one or more fields of applica-
tion. Statistics majors who plan to do graduate work should
include advanced calculus in their undergraduate programs
and should acquire proficiency in at least one of the following
languages: French, German, or Russian.

Requirements for the Bachelor of Science or Bachelor of Arts
Degree in Statistics

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits are required for the Bachelor of Science or Bachelor of Arts degree in Sta-
tistics.

The University's Tier II writing requirement for the Statistics major is met by
completing Mathematics 310 and Statistics and Probability 481. Those courses
are referenced, respectively, in items 3. a. (1) and 3. b. (1) below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Science de-
gree or Bachelor of Arts degree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS

a. The following courses outside the Department of Statistics
and Probability: .. ... ... . ... 16
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(1) All of the following courses (10 credits):

MTH 234 Multivariable Caleulus ................. 4
MTH 810 Abstract Algebra I and Number Theory. ... 3
MTH 814 Linear Algebral....................... 3

(2) One of the following courses (3 credits):"
CSE 101 Computing Concepts and Compentencies . . 3
CSE 131 Introduction to Technical Computing. ... .. 3
(8) Three additional credits in Computer Science and
Engineering courses.
b. The following courses in the Department of Statistics and

Probability:. . ... 19
(1) The following capstone course (1 credit):
STT 481 Issues in Statistical Practice. ............ 1
(2) One of the following groups of courses (18 credits):
(@) MTH 320 AnalysisT.................cc.oun. 3
MTH 421 AnalysisII ....................... 3

STT 861 Theory of Probability and Statistics I. . 3
STT 862 Theory of Probability and
Statistics IL. .................... 3

Six additional credits from the Statistics and Prob-
ability courses that appear on the list below.

(b) Three additional credits in Mathematics 235 or in
300—400 level Mathematics courses.
STT 441 Probability and Statistics I:

Probability ............. ... ... 3
STT 442 Probability and Statistics IT:
Statistics........... ... ... 3

Nine additional credits from the Statistics and Prob-
ability courses that appear on the list below.

c. Demonstrate knowledge of at least one software package in
statistics either by completing relevant courses or by complet-
ing a departmentally approved project through enrollment in
Statistics and Probability 490.

Additional Statistics and Probability courses that may be counted toward the
requirements for the Statistics major:

STT 461 Computations in Probability and Statistics. . . ..
STT 471 Statistics for Quality and Productivity ........
STT 825 Sample SUrvVeyS . . ..ottt
STT 826 Nonparametric Statistics ...................
STT 841 Linear Statistical Models ...................
STT 843 Multivariate Analysis . .....................
STT 844 Time Series Analysis.......................
STT 852 Stochastic Methods in Operations Research . . ..
STT 886 Stochastic Processes and Applications. ........

[SLRVLRCVRVL RV RE RV RVV)

Students who pass a waiver examination for Computer Science and Engineering 101 will
not be required to complete Computer Science and Engineering 101 or 131.

GRADUATE STUDY

The Department of Statistics and Probability offers four ma-
jors that lead to master's degrees: applied statistics, computa-
tional statistics, operations research—statistics, and statistics.
The department also offers a major in statistics that leads to
the Doctor of Philosophy degree.

Each of the master's and doctoral degree programs is de-
scribed below. For more detailed information on degree re-
quirements, write to the department.

APPLIED STATISTICS

Master of Science

The goals of the master's degree program in applied statistics
are to provide students with a broad understanding of the
proper application of statistical methodology and with experi-
ence in using computers effectively for statistical analysis.
The student may emphasize either theoretical or applied ma-
terial. Special emphasis is placed on the concerns that an ap-
plied statistician must address in dealing with practical
problems.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.
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Admission

To be admitted to the master's degree program in applied sta-
tistics, the applicant should have completed at least 6 credits
of junior or senior level mathematics with a minimum grade—-
point average of 3.00 over the last 6 credits. No previous
course work in statistics or probability is required.

Requirements for the Master of Science Degree
in Applied Statistics

The program is available only under Plan B (without thesis).

An academic adviser coordinates the student's program of

study, which must be approved by the chairperson of the de-

partment.
The student must:

1. Complete at least 36 credits in courses in the Department
of Statistics and Probability, in the Department of Mathe-
matics, or in a field of application of probability and statis-
tics, including computer science.

2.  Complete Statistics and Probability 441, 442 or Statistics
and Probability 861, 862.

3. Complete Statistics and Probability 461.

4. Complete at least 15 additional credits in Statistics and
Probability including at least 12 credits from the follow-
ing courses: Statistics and Probability 471, 801, 825, 826,
841, 842, 843, 844, and 886.

5. Complete Mathematics 415.

6. Complete at least 3 additional credits in mathematics
courses at the 400 or 800 level if the student met require-
ment 2. above by completing Statistics and Probability
441 and 442.

7. Demonstrate knowledge of at least one programming lan-
guage and at least one software package in statistics by
completing relevant courses (for example, Statistics and
Probability 461 and 890).

COMPUTATIONAL STATISTICS

Master of Science

The goal of the master's degree program in computational sta-
tistics is to provide students with a sound foundation in
mathematical, computational, and statistical theory and
methodology and their applications. The student may empha-
size either theoretical or applied material.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

To be admitted to the master's degree program in computa-
tional statistics, the applicant should have completed at least
12 credits of junior or senior level mathematics with a mini-
mum grade—point average of at least 3.00 for the last 12 cred-
its. No previous course work in statistics or probability is
required.



Requirements for the Master of Science Degree
in Computational Statistics

The program is available only under Plan B (without thesis).
An academic adviser coordinates the students program of
study which must be approved by the chairperson of the de-
partment.

The student must complete:
1. Atleast 30 credits in courses in the Department of Statis-
tics and Probability, in the Department of Mathematics,
or in a field of application of probability and statistics, in-
cluding computer science.
Statistics and Probability 461, 861, 862.
3. At least 6 additional credits in 800-level Statistics and
Probability courses.
Mathematics 415 or 421 or 424; 451 or 851.
At least 6 credits in 800-level Computer Science and
Engineering courses.
6. Additional credits in Statistics and Probability, Mathe-

matics, or Computer Science and Engineering courses.

ro
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OPERATIONS RESEARCH—STATISTICS

Master of Science

The master's degree program in operations research—-
statistics focuses on mathematical programming, applied sto-
chastic processes, systems control and simulation, and
mathematical and statistical techniques of optimization. The
student may emphasize either theoretical or applied material.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

To be admitted to the master's degree program in operations
research—statistics, the applicant should have completed at
least 12 credits of junior or senior level mathematics with a
minimum grade—point average of at least 3.00 over the last 12
credits. Preferably courses in advanced calculus and matrices
would be included in the 12 credits. No previous course work in
statistics or probability is required.

Requirements for the Master of Science Degree
in Operations Research—Statistics

The program is available only under Plan B (without thesis).
An academic adviser coordinates the student's program of
study, which must be approved by the chairperson of the de-
partment.

The student must complete the requirements for one of the
two options referenced below. The total number of credits re-
quired for the degree depends upon the option that the student
selects.

Option 1.

The student must complete a minimum of 30 credits includ-

ing:

1. Management 834.

2. At least 3 credits in mathematics courses at the 400 or
800-level.

3. Statistics and Probability 471, 852, 861, 862, and 886.

4. At least 6 credits from the following courses: Statistics
and Probability 461, 801, 825, 826, 841, 842, 843, 844;
Management 837.
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Option 2.

The student must complete a minimum of 36 credits includ-
ing:
. Management 834.

2. Mathematics 415.

3. At least 3 additional credits in mathematics courses at
the 400 or 800 level.

4. Statistics and Probability 441, 442, 471, 852,and 886.

5. At least 9 credits from the following courses: Statistics
and Probability 461, 801, 825, 826, 841, 842, 843, 844;
Management 837.

STATISTICS

Master of Science or Master of Arts

The goal of the master's degree programs in statistics is to pro-
vide students with a sound foundation in probability, mathe-
matical statistics, and statistical methodology. The student
may emphasize either theoretical or applied material.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

To be admitted to either of the master's degree programs in
statistics, the applicant should have completed at least 12
credits of junior or senior level mathematics with a minimum
grade—point average of at least 3.00 over the last 12 credits.
Preferably courses in advanced calculus and matrices would
be included in the 12 credits. No previous course work in sta-
tistics or probability is required.

Requirements for the Master of Science or Master or Arts
Degree in Statistics

The program is available under either Plan A (with thesis) or

Plan B (without thesis). An academic adviser coordinates the

student's program of study, which must be approved by the

chairperson of the department.
The student must complete:

1. Atleast 30 credits in courses in the Department of Statis-
tics and Probability, in the Department of Mathematics,
or in a field of application of probability and statistics, in-
cluding computer science.

2. One of the following three options:

a. Mathematics 415 and 421.

b. Mathematics 415 and 428H.

c. Mathematics 428H and 429H.

This requirement must be met as soon as possible after
admission to the program, if the student did not complete
the courses in one of the options previously.

3. One of the following programs of study:

a. Statistics and Probability 871, 872, or 881, 882 and at
least 6 additional credits in Statistics and Probability
at the 800 or 900 level.

b. Statistics and Probability 861, 862 and at least 12 ad-
ditional credits in Statistics and Probability at the
800 or 900 level. Of these 12 credits, at least 9 credits
must be from the following courses: Statistics and
Probability 801, 825, 826, 841, 842, 843, 844, 886.
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Doctor of Philosophy

The Doctor of Philosophy degree program with a major in sta-
tistics is designed for students who plan to pursue careers in
university teaching and research or in industrial and govern-
ment consulting and research. The major emphasis in the doc-
toral program is on the attainment of a sound background in
theoretical probability and statistics. A doctoral student may
choose to emphasize either probability theory or mathemati-
cal statistics.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

Completion of course work equivalent to that required for any
one of the master's degree programs in this department and
evidence of ability to work at the doctoral level are required for
admission. Applicants who have not had courses equivalent to
Statistics and Probability 861 and 862 or advanced calculus or
linear algebra will be required to complete these courses.

Requirements for the Doctor of Philosophy Degree
in Statistics

The program of study is developed by the guidance committee

in consultation with the student. The program of study will

usually emphasize theory, although courses in applications

should be included. Although the doctorate is awarded pri-

marily on the ability of the student to carry on significant

original research in statistics or probability, as demonstrated

in the dissertation, the student must also meet the require-

ments specified below:

1. Complete Mathematics 828 and 928.

2. Complete Statistics and Probability 871, 872, 881, and
882.

3. Complete at least two of the following advanced statistics
courses: Statistics and Probability 951, 952, 953, 954.

4. Complete at least two of the following advanced probabil-
ity courses: Statistics and Probability 961, 962, 963, 964.

5. Complete at least seven additional courses from a list of
courses approved by the department.

6. Pass a written preliminary examination covering Statis-
tics and Probability 871, 872, 881, and 882.

7. Pass a written preliminary examination covering Mathe-
matics 828.

DEPARTMENT of
ZOOLOGY

Thomas M. Burton, Chairperson

Zoology is the branch of natural science that deals with animal
biology. It is concerned with every level of biological organiza-
tion from the gene to the ecosystem, and with the structure,
physiology, behavior, genetics, development, distribution, and
evolution of animals in all taxonomic groups. In a broad sense,
zoology also deals with the interrelationships between hu-
mans and other animals. The courses in the department span
the diversity of animal life and the entire range of modern bio-
logical disciplines concerned with animals. There is ample
scope for students to obtain a broad education in biology while
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also specializing in the particular aspects of biology that inter-
est them most.

Programs in zoology can help students to prepare for a wide
variety of careers including biomedical research, biotechnol-
ogy, medicine, dentistry, veterinary science, marine biology,
conservation, environmental science, behavioral biology, and
teaching.

UNDERGRADUATE PROGRAMS

Majors are expected to acquire broad background in the sci-
ences fundamental to the understanding of modern zoology.
The chemistry, mathematics, and physics requirements are
those of the College. Chemistry and mathematics are nor-
mally taken in the freshman year, and physics in the junior
year. The Biological Science sequence (110, 111, 111L) should
be started in the freshman year since these courses are prereq-
uisite to further study. Course electives in zoology are to be
chosen so that they furnish an understanding of the several
branches of zoology: animal behavior, cell biology, develop-
mental biology, ecology, evolution, genetics, morphology, neu-
robiology, organismal biology, and physiology.

ENVIRONMENTAL BIOLOGY/ZOOLOGY

Bachelor of Science

The objective of the Bachelor of Science degree program with a
major in environmental biology/zoology is to help students to
understand the concepts of environmental biology and to ap-
ply those concepts to improve both the natural environment
and the environment perturbed by human activities. The fo-
cus of the program is on animal biology. The zoology courses in
the program emphasize ecology, systematics, and environ-
mental science.

Students who are enrolled in this program may complete an
optional capstone course: Zoology 494 or 496.

Requirements for the Bachelor of Science Degree
in Environmental Biology/Zoology:

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Environmental Biol-
ogy/Zoology.

The University's Tier II writing requirement for the Environmental Biology/Zo-
ology major is met by completing Zoology 445 and 483. Those courses are refer-
enced in item 3. a. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS

a. All of the following courses: ............ .. iivienininn. 55
BOT 441 Plant Ecology. ... .oviviiiiiiiiinn.n 3
BS 110 Organisms and Populations . ................ 4
BS 111 Cellsand Molecules........................ 3
BS 111L Cell and Molecular Biology Laboratory ........ 2
CEM 141 General Chemistry ........................ 4
CEM 161 Chemistry Laboratory I..................... 1
CEM 251 Organic Chemistry I ... ... ... ... .. ....... 3
CEM 252 Organic Chemistry IT . ... .. ... ... .. ....... 3
CEM 255 Organic Chemistry Laboratory............... 2
CSS 210 Fundamentals of Soil and Landscape Science. . . 3
PHY 231 Introductory PhysiesI...................... 3
PHY 232 Introductory PhysiesII..................... 3
PHY 251 Introductory Physics Laboratoryl............ 1
PHY 252 Introductory Physics Laboratory I ........... 1
7ZOL 306 Invertebrate Biology'....................... 4



ZOL 341 Fundamental Genetics ................c....
ZOL 355 ECOlogy ... ivviei e
ZOL  355L Ecology Laboratory ........................
ZOL 445 Evolution ............ ... .. . . i ..
ZOL 483 Environmental Physiology
b. One of the following groups of courses (6 or 7 credits):
(a) MTH 124 Survey of Calculus with Applications T ....3
MTH 126 Survey of Calculus with Applications II. ... 3
() MTH 132 CalculusI..............
MTH 133 Calculus II
(¢0 MTH 124 Survey of Calculus with Applications I ....3

And
STT 201 Statistical Methods .................... 4
Or
STT 231 Statistics for Scientists ................. 3
Or
STT 421 StatistiesT ........ .. .. .. .. ... ... 3
(d) MTH 132 CaleulusI......... ... it 3
And
STT 201 Statistical Methods .................... 4
Or
STT 231 Statistics for Scientists ................. 3
Or
STT 421 Statistics I ........... ..o i, 3
c One of the following courses:. .. .....vviie e 4
ZOL 360 BiologyofBirds ............. ... ......... 4
ZOL 365 Biologyof Mammals ....................... 4
d. One course from each of the following three groups of
COUTSOS. ittt ittt ettt it e 10or 11
(1) BOT 218 Plants of Michigan..................... 3
BOT 418 Plant Systematics ..................... 3
(2) BOT 423 Wetland Plants and Algae............... 4
FW 420 Stream Ecology ....................... 3
ZOL 353 Marine Biology. ... .....covvrienninn.n. 4
3y FW 472 Limmology...................c.oooion.. 3
GLG 421 Environmental Geochemistry............ 4
ZOL 431 Comparative Limnology ................ 4
e. A minimum of 33 credits in Zoology courses including the Zoology courses

that satisfy the Tier 1l writing requirement referenced in item 1. above. Zool-
ogy courses that are not listed above must be approved in writing by the stu-
dent's academic adviser. Courses offered by other departments may be
substituted for Zoology courses with the written approval of the student's
academic adviser.

! Entomology 404 or Zoology 412 may be substituted for Zoology 306.

Z00LOGY

Bachelor of Arts

The Bachelor of Arts degree with a major in zoology is for stu-
dents who wish to combine study in zoology with a significant
amount of course work outside the sciences. It is also intended
for those students who wish to prepare for careers in the appli-
cations of science to such fields as public policy, law, business,
and communications.

Requirements for the Bachelor of Arts Degree in Zoology

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Arts degree in Zoology.

The University's Tier I writing requirement for the Zoology major is met by com-
pleting Zoology 355L and 457. Those courses are referenced in item 3. b. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Science that is de-
scribed in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Arts degree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS
a. One of the following options:
(1) Second year competency in a foreign language.
(2) First year competency in a foreign language, Computer
Science and Engineering 101 or 131,' Mathematics 124 or
132, and Statistics and Probability 421%
b. All of the following courses: . ............coiiuvennan.... 43
BS 110 Organisms and Populations ................. 4
BS 111 CellsandMolecules. ...........c.oivinn... 3
BS 111L Cell and Molecular Biology Laboratory . ....... 2
CEM 141 General Chemistry ........................ 4
CEM 143 Survey of Organic Chemistry ................ 4
CEM 161 Chemistry Laboratory I..................... 1
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PHY 231 Introductory PhysicsI...................... 3
ZOL 313 AnimalBehavior .......................... 3
ZOL 320 Developmental Biology ..................... 4
ZOL 341 Fundamental Genetics ..................... 4

ZOL 855 Ecology . ....vouuiii i
ZOL  355L Ecology Laboratory . .
ZOL 408 Histology . . «vvvvni e

ZOL 457 Foundations of Evolutionary Biology.......... 3
c One of the following courses:. .. ........ .. ... 4
ZOL 306 Invertebrate Biology ....................... 4
ZOL 328 Comparative Anatomy and Biology of
Vertebrates. .......... ... ... ... . 4
d. One of the following pairs of courses: .. ............covvun. 6or7

(1) MTH 124 Survey of Calculus with Applications I%. . ..

MTH 126 Survey of Calculus with Applications II. . . .

(2) MTH 124 Survey of Calculus with Applications T . ...

STT 201 Statisticsal Methods . ..................

(3) MTH 124 Survey of Calculus with Applications I%. . ..

STT 421 Statistics I*. . ...t

(4) MTH 182 CalculusI®........... ...,

MTH 133 CaleulusII............ .. ... ... .....

e. Twelve credits in 300—400 level courses offered by the Colleges

of Arts and Letters, Business, Communication Arts and Sci-
ences, and Social Science.

! Students who pass a waiver examination for Computer Science and Engineering 101 will
not be required to complete Computer Science and Engineering 101 or 131.

: Mathematics 124 or 132 and Statistics and Probability 421 may be used to satisfy both the
requirement referenced in item 3. a. (2) and the requirement referenced in item 3. d.

Bachelor of Science

The Bachelor of Science degree program with a major in zool-
ogy is for students who seek professional employment in ani-
mal biology, or who seek admission to graduate programs in
animal biology or to health—related professional schools. Stu-
dents may pursue a degree program in general zoology that
encompasses the several branches of modern zoology while
permitting focused study in any one of these fields. Alterna-
tively, with the prior approval of an academic adviser, stu-
dents may elect to pursue one of the following specialized
concentrations in zoology: cell and developmental biology;
ecology, evolution and organismal biology; genetics; neurobi-
ology and animal behavior; zoo and aquarium science, or ma-
rine biology.

Requirements for the Bachelor of Science Degree
in Zoology

1. The University requirements for bachelor's degrees as described in the Under-
graduate Education section of this catalog; 120 credits, including general elective
credits, are required for the Bachelor of Science degree in Zoology.

The University's Tier II writing requirement for the Zoology major is met by
completing two of the following courses: Zoology 328, 342, 343, 3551, 415, 425,
445, 457, 482, 483, 499. Those courses are referenced in item 3.d. below.

Students who are enrolled in the College of Natural Science may complete the al-
ternative track to Integrative Studies in Biological and Physical Sciences that is
described in item 1. under the heading Graduation Requirements in the College
statement. Certain courses referenced in requirement 3. below may be used to sat-
isfy the alternative track.

2. Therequirements of the College of Natural Science for the Bachelor of Science de-
gree.

The credits earned in certain courses referenced in requirement 3. below may be
counted toward College requirements as appropriate.

3. The following requirements for the major:

CREDITS

a. All of the following COUFSES: . ..o v vttt 30
BS 110 Organisms and Populations ................. 4
BS 111 CellsandMolecules........................ 3
BS 111L Cell and Molecular Biology Laboratory . ....... 2
CEM 141 General Chemistry ...........coveeiinninn. 4
CEM 161 Chemistry Laboratory I..................... 1
CEM 251 Organic Chemistry T ........ ... ... ..., 3
CEM 252 Organic Chemistry Il ...................... 3
CEM 255 Organic Chemistry Laboratory............... 2
PHY 231 Introductory PhysiesT...................... 3
PHY 232 Introductory PhysicsII..................... 3
PHY 251 Introductory Physics LaboratoryI............ 1
PHY 252 Introductory Physics Laboratory IT ........... 1

b. One of the following groups of courses (6 or 7 credits):
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(a)
®)
(©

@

MTH 124 Survey of Calculus with Applications T .... 3

MTH 126 Survey of Calculus with Applications IT. ... 3

MTH 132 CaleulusI............ .. ... ... ..... 3

MTH 133 CaleulusII............ .. ... ... ..... 4

MTH 124 Survey of Calculus with Applications I ....3
And

STT 201 Statistical Methods .................... 4
Or

STT 231 Statistics for Scientists ................. 3
Or

STT 421 StatistiesI ............ .. ... ... ... 3

MTH 132 CaleulusI.......... ... .. ... ... .. 3
And

STT 201 Statistical Methods .................... 4
Or

STT 231 Statistics for Scientists ................. 3
Or

STT 421 StatistiesT .......... ... .. .. ... ... 3

One of the following seven concentrations:
General Zoology

@

2)

One course or pair of courses from each of four

of the following five groups of courses:. ...............
(a) ZOL 306 Invertebrate Biology ............... 4
ZOL 328 Comparative Anatomy and Biology
of Vertebrates.................. 4
(b) ZOL 313 Animal Behavior .................. 3
ZOL 483 Environmental Physiology .......... 4
(¢) ZOL 320 Developmental Biology ............. 4
ZOL 408 Histology ....vviviiiiai 4
ZOL 425 Cells and Development .. ........... 4
(d) ZOL 341 Fundamental Genetics ............. 4
() ZOL 3855 Ecology" ......ovvurinnnnnnnnn... 3
ZOL  355L Ecology Laboratory'................ 1
ZOL 445 Evolution ........................ 3

A minimum of 338 credits in Zoology courses including the
Zoology courses that satisfy the Tier Il writing require-
ment referenced in item 1. above. Zoology courses that are
not listed above must be approved in writing by the stu-
dent's academic adviser. Courses offered by other depart-
ments may be substituted for Zoology courses with the
written approval of the student's academic adviser.

14 to 16

1 . =
If the student selects group (e), Zoology 355 and 355L combined, or Zoology 445, must be
completed to satisfy this requirement.
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Cell and Developmental Biology

@

3

ZOL 320 Developmental Biology ................. 4
ZOL 425 Cells and Development ................. 4
All of the following courses: ..............covnen....

ZOL 328 Comparative Anatomy and Biology of
Vertebrates. . ................ .. ..., 4

7ZOL, 341 Fundamentals of Genetics. .............. 4

ZOL 342 Advanced Genetics

ZOL 402 Neurobiology .....

ZOL 408 Histology ... ovvvieii i

ZOL 417 Advanced Developmental Biology. ........ 3

ZOL 450 Cancer Biology..........coovuiiniiin... 3

ZOL 482 Cytochemistry ...........c.ccuinvin... 4

Either Biochemistry 401, or Biochemistry 461 and 462
combined, may be substituted for one of the courses listed
above.

A minimum of 33 credits in Zoology courses including the
Zoology courses that satisfy the Tier II writing require-
ment referenced in item 1. above. Zoology courses that are
not listed above must be approved in writing by the stu-
dent's academic adviser. Courses offered by other depart-
ments may be substituted for Zoology courses with the
written approval of the student's academic adviser.

Ecology, Evolution, and Organismal Biology

)

@

3

)

(5)

All of the following COUFSES: . ..o vviirenennnn.

ZOL 341 Fundamental Genetics ................. 4
ZOL 3855 Ecology.........cvviiiiiiiiiannnnon.. 3
ZOL 3551 Ecology Laboratory .................... 1
ZOL 445 Evolution .............ieiieuinnnnnn.. 3
One of the following courses:. . .. .....ovvuunennen....
ZOL 306 Invertebrate Biology ................... 4
ZOL 328 Comparative Anatomy and Biology of
Vertebrates. . ........... ... ........ 4
One of the following courses or pairs of courses: . .......
ZOL 313 Animal Behavior ...................... 3
ZOL 316 General Parasitology’ .................. 3
ZOL 316L General Parasitology Laboratory' ........ 1
ZOL 483 Environmental Physiology .............. 4

Fourteen additional credits in courses in ecology, evolu-
tion, and organismal biology approved in writing by the
student's academic adviser.

A minimum of 33 credits in Zoology courses including the
Zoology courses that satisfy the Tier Il writing require-
ment referenced in item 1. above. Zoology courses that are
not listed above must be approved in writing by the stu-
dent's academic adviser. Courses offered by other depart-
ments may be substituted for Zoology courses with the
written approval of the student's academic adviser.

11

3or4

! Zoology 316 and 316L combined must be completed to satisfy this requirement.

Genetics
(1) All of the following COUrSes: ... .vvvteiinen s

3

BCH 461
BCH 462
BCH 472
MIC 431
ZOL 341
ZOL 342
ZOL 343

Biochemistry I........................
Biochemistry IT ........
Biochemistry Laboratory.
Microbial Genetics. ... ...,
Fundamental Genetics .................
Advanced Genetics. . . ...
Genetics Laboratory .

ZOL 494 Independent Study ..

ZOL 499 Undergraduate Thesis.................. 4

A minimum of 33 credits in Zoology courses including the
Zoology courses that satisfy the Tier II writing require-
ment referenced in item 1. above. Zoology courses that
are not listed above must be approved in writing by the
student's academic adviser. Courses offered by other de-
partments may be substituted for Zoology courses with
the written approval of the student's academic adviser.

Neurobiology and Animal Behavior

M

2)

3

@)

)

1 . . - -
Zoology 355 and 355L combined must be completed to satisfy this requirement.

All of the following courses: ............c.ouuvuen....
ZOL 313 AnimalBehavior ......................
ZOL 341 Fundamental Genetics . .

ZOL 306 Invertebrate Biology ...................
ZOL 328 Comparative Anatomy and Biology of
Vertebrates. .

ZOL 320 Developmental Biology . ................
ZOL 415 Ecological Aspects of Animal Behavior .. ..

342 Advanced Genetics. ........ ...
355 Ecology .........
355L Ecology Laboratory'. ...................
ZOL 421 Hormones and Development. ............
ZOL 445 Evolution ............. ... ... ... .....
ZOL 457 Foundations of Evolutionary Biology . ... ..
ZOL 483 Environmental Physiology ..............
A minimum of 33 credits in Zoology courses including the
Zoology courses that satisfy the Tier IT writing require-
ment referenced in item 1. above. Zoology courses that
are not listed above must be approved in writing by the
student's academic adviser. Courses offered by other de-
partments may be substituted for Zoology courses with
the written approval of the student's academic adviser.

ZOL
ZOL
ZOL

Zoo and Aquarium Science

M

@

3

)

®)

©)

All of the following courses: .............coueuvenn..

ZOL 313 AnimalBehavior ......................
ZOL 320 Developmental Biology .................
ZOL 828 Comparative Anatomy and Biology

of Vertebrates. ......................
ZOL 341 Fundamental Genetics
ZOL 355 Ecology...............
ZOL 355L Ecology Laboratory ....................
ZOL 369 Introduction to Zoo and Aquarium

Science . ...
ZOL 445 Evolution .............. ... ...,
ZOL 489 Seminar in Zoo and Aquarium Science . . . .
ZOL 498 Internship in Zoo and Aquarium Science. . .

One of the following courses: ............ccocuvenn...
FW 471 Ichthyology.. ...
ZOL 360 Biology of Birds ... ..
ZOL 365 Biology of Mammals ...................
ZOL 384 Biology of Amphibians and Reptiles. ... ...
One of the following courses: ............ccocuvvenn...

ANS 3183 Principles of Animal Feeding

and Nutrition. ......................
ANS 8314 Genetic Improvement of

Domestic Animals ...................
ANS 315 Anatomy and Physiology of

Farm Animals . .............. ... . ...
FW 444 Conservation Biology...................
FW 472 Limnology..............ccoiiinenno...
ZOL 353 Marine Biology.

Two of the following courses: . ......................
FW 364 Ecosystem Processes ...................
FW 424 Population Analysis and Management. . . ..
GLG 3803 Oceanography ........................
ZOL 483 Environmental Physiology ..............
One additional course of at least 3 credits selected from a
list of approved courses that is available from the Depart-
ment of Zoology.

A minimum of 44 credits in Zoology courses including the
Zoology courses that satisfy the Tier IT writing require-
ment referenced in item 1. above. Zoology courses that
are not listed above must be approved in writing by the
student's academic adviser. Courses offered by other de-

21
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3or4
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partments may be substituted for Zoology courses with
the written approval of the student's academic adviser.
Marine Biology

(1) All of the following courses: ...........coueuvennonn. 17
GLG 303 Oceanography ...........ccouuiinnin... 4
ZOL 341 Fundamental Genetics ................. 4
ZOL 353 Marine Biology.......... .. ... ... ... 4
ZOL 355 Ecology...........cciiiiiiiiiinin... 3
ZOL 355L Ecology Laboratory .................... 1
ZOL 491 Seminar in Marine Biology.............. 1
(2) One course from each of the following three groups of
COUTSESI. . vt ettt e e e et 10to 12
(a) ZOL 445 Evolution ........................ 3
ZOL 483 Environmental Physiology .......... 4
(by FW 471 Ichthyology....................... 4
ZOL 306 Invertebrate Biology ............... 4
(¢ BCH 401 Basic Biochemistry ................ 4
CEM 383 Introductory Physical Chemistry I....3
FW 424 Population Analysis and Measurement 4
GEO 324 Remote Sensing of the Environment . . 4
GLG 422 Organic Geochemistry (W) .......... 3
MIC 425 Microbial Ecology. ..........covvun. 3
MIC 426 Biogeochemistry................... 3
(8) One of the following courses:. .. ..................... 3to b
BOT 423 Wetland Plants and Algae. .. ............ 4
ENT 469 Biomonitoring of Streams and Rivers .. ... 3
FW 491 Special Topics in Figsheries and Wildlife ... 5
MIC 426 Biogeochemistry....................... 3
ZOL 431 Comparative Limnology ................ 4
ZOL 440 Field Ecology and Evolution .. ........... 4
ZOL 453 Field Studies in Marine and Estuarine
Biology ........... i 3

(4) A minimum of at least 2 credits must be completed in an
aquatic biology field experience. Courses not listed above
may be substituted with the written approval of the stu-
dent’s academic adviser.

(5) A minimum of 33 credits in Zoology courses including the
Zoology courses that satisfy the Tier II writing require-
ment referenced in item 1. above. Zoology courses that are
not listed above must be approved in writing by the stu-
dent’s academic adviser.

Recognition

Upon completion of the required courses for one of the seven
concentrations referenced above, the student should contact
the Department of Zoology and request certification for the
completion of the concentration. After the certification is ap-
proved by the Dean of the College of Natural Science, the Of-
fice of the Registrar will enter on the student's academic
record the name of the concentration and the date that it was
completed. This certification will appear on the student's
transcript.

GRADUATE STUDY

The Department of Zoology offers Master of Science and Doc-
tor of Philosophy degree programs in zoology. The department
also offers a Doctor of Philosophy degree program in zoology-
environmental toxicology.

The Department of Zoology is affiliated with the Doctor of
Philosophy degree program with a major in ecology, evolution-
ary biology and behavior. For information about a Doctor of
Philosophy degree program that involves ecology, evolution-
ary biology and behavior and a major in the Department of Zo-
ology, refer to the statement on the doctoral program in
ecology, evolutionary biology and behavior.

Students who are enrolled in master’s or doctoral degree
programs in the Department of Zoology may elect an interde-
partmental specialization in cognitive science. For additional
information, refer to the statement on Interdepartmental
Graduate Specializations in Cognitive Science in the College of
Social Science section of this catalog. For additional informa-
tion, contact the Department of Zoology.

Students who are enrolled in the Master of Science degree
program in the Department of Zoology may elect specializa-
tions in ecology, evolutionary biology and behavior and in en-
vironmental toxicology. For additional information, refer to

NATURAL SCIENCE
Department of Zoology

the statement on the specialization in ecology, evolutionary
biology and behavior and to the Graduate Specialization in
Environmental Toxicology statement in the College of Agricul-
ture and Natural Resources section of this catalog.

ZOO0LOGY

The graduate degree programs in zoology are designed for stu-
dents who seek a career in teaching and research in the bio-
logical sciences. The objectives of the programs are to provide
the student with a broad knowledge of the field through
courses and seminars and to prepare the student for inde-
pendent and original research in one of the various specialized
subdisciplines of zoology. Faculty and staff provide expertise
in a wide range of interests from molecular biology to ecosys-
tem study. Areas of active research include genetics, cellular
and developmental biology, animal diversity, systematics, pa-
leontology, comparative morphology, physiology, behavior,
and ecology and evolutionary biology. The studies of many
types of animals include protozoology, invertebrate zoology,
and vertebrate zoology, especially herpetology, ornithology,
and mammalogy.

Students may obtain specialized graduate training through
interdepartmental graduate programs. Zoology faculty are af-
filiated with interdepartmental graduate programs and re-
search in genetics, cell and molecular biology, neuroscience,
and ecology and evolutionary biology. Additional information
about the doctoral programs in genetics and neuroscience, and
about the specialization in ecology and evolutionary biology,
may be found in other sections of this catalog. Students spe-
cializing in ecological research may take courses and carry out
research at the W. K. Kellogg Biological Station located near
Kalamazoo.

A brochure describing faculty research interests as well as
information on admission, financial aid, and the requirements
for the Master of Science and Doctor of Philosophy degrees is
available from the department graduate office. Interested stu-
dents are also encouraged to contact the Chairperson of the
Graduate Affairs Committee for further information.

In addition to meeting the requirements of the University
and of the College of Natural Science, students must meet the
requirements specified below.

Admission

Regular admission to the graduate programs in zoology is
granted to students having a bachelor's degree, with training
in the biological sciences at least equal to that required for this
degree at Michigan State University; a grade—point average of
3.00 or better; and one year each of chemistry, physics, and
mathematics. Satisfactory scores on the Graduate Record Ex-
amination General Test and approval of the department also
are required. Students who do not meet the requirements for
regular admission may, under certain circumstances, be ad-
mitted on a provisional basis while deficiencies are being cor-
rected.

Requirements for the Master of Science Degree

The student must complete a total of 30 credits for the degree
under either Plan A (with thesis) or Plan B (without thesis).
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ZOOLOGY—ENVIRONMENTAL TOXICOLOGY

Doctor of Philosophy

For information about the Doctor of Philosophy degree pro-

gram in zoology—environmental toxicology, refer to the state-

ment on Multidepartmental Doctoral Programs in
Environmental Toxicology in the Graduate Education section

of this catalog.

ABRAMS PLANETARIUM

Don Batch, Director

Abrams Planetarium, with its panoramic space science thea-
ter, is an acknowledged leader in the popularization of astron-
omy. The facility was financed by alumni and friends of the
University through contributions to the MSU Development
Fund. Gifts included $250,000 from Dr. and Mrs. Talbert
Abrams. The building features a 252—seat Sky Theater hous-
ing the planetarium projector, a black light art gallery, an ex-
hibit hall, and a gift shop.

This exciting astronomical and multimedia facility is in-
tended not only for public sky shows, but also features pro-
grams which are tailored to the needs of visiting elementary
and secondary school children. There are presentations for
university instruction, and observing sessions.

Star shows, seasonal shows, sky lectures, and observing ses-
sions are offered to the public on weekends and on special occa-
sions. Visitors to the exhibit hall are welcome at the times of
public presentations and from 8:30 a.m. to noon and 1 p.m. to
4:30 p.m. on weekdays.

Telephone 3554672 for recorded public show information,
332—-STAR for recorded sky information, and 355-4676 to
reach the Planetarium office.

BIOLOGICAL SCIENCE
PROGRAM

The Biological Science Program office is responsible for the de-
velopment and operation of a balanced core curriculum in gen-
eral biology appropriate for majors and others interested in a
comprehensive introduction to the field. Currently the core
consists of the three term sequence Biological Science 210, 211
and 212. Advanced work and research projects for under-
graduates are also coordinated by this office under Biological
Science 499.

The Biological Science Program office also coordinates un-
dergraduate and master's interdepartmental degree pro-
grams in biological science, and physical science on behalf of
the College of Natural Science.
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MSU/DOE PLANT
RESEARCH LABORATORY

Kenneth G. Keegstra, Director

A center for modern plant biology, the MSU/DOE Plant Re-
search Laboratory was established in 1964. The Laboratory is
administered jointly by the College of Natural Science and the
College of Agriculture and Natural Resources under a grant
form with the U. S. Department of Energy.

The Laboratory conducts a broadly based research program
which includes studies at the molecular, subcellular, cellular,
tissue, organ, and organismal levels and draws on plant physi-
ology, biochemistry, cell and molecular biology, genetics, and
other disciplines. Among problems under investigation are
photosynthesis; transduction of environmental information
by the plant; effects of stress conditions upon growth and pro-
ductivity; developmental biology of nitrogen fixing cyanobac-
teria; action of plant hormones; plant cell wall biosynthesis;
mechanisms of tissue—specificity and protein targeting; mo-
lecular genetics of plant systems; genetic analysis of physio-
logical traits; molecular mechanisms for plant gene
expression; molecular biology of symbiotic nitrogen fixation;
and molecular basis of disease resistance in plants . Emphasis
is placed on the role of plants in energy conversion, consump-
tion, and conservation.

The Laboratory provides facilities and support for students
intending to proceed toward the Doctor of Philosophy degree,
and for postdoctoral research associates. The doctoral degree
programs are administered through academic units with
which the Laboratory faculty have joint appointments, par-
ticularly the departments of Biochemistry and Molecular Biol-
ogy, Botany and Plant Pathology, Crop and Soil Sciences, and
Microbiology and Molecular Genetics. The interdepartmental
doctoral program in genetics that is administered by the Col-
lege of Natural Science is also available. The student's admis-
sion and program of study are subject to the regulations and
approval of the appropriate department and of either the Col-
lege of Natural Science or the College of Agriculture and Natu-
ral Resources.

The aim of graduate work in the Laboratory is to give stu-
dents training in independent research and to provide them
with sufficient strength, both in biology and in the basic sci-
ences, to enable them to keep in the forefront of their continu-
ously changing and developing field. Doctoral programs
consist of course work in advanced subjects and research lead-
ing to a dissertation.

To be accepted for graduate work in the Laboratory the stu-
dent is generally expected to have at least the Bachelor of Sci-
ence degree and to have had courses in organic chemistry,
mathematics through calculus, physics, and general botany or
biology. Courses in plant physiology, physical chemistry, and
biochemistry are desirable. In the case of highly qualified stu-
dents, part of the course requirements may be completed after
admission to graduate work, but admission will in such cases
be on a provisional basis until these requirements have been
completed satisfactorily.

Graduate students are given freedom of choice in selecting,
within the Laboratory, the areas of their research and their
major advisers. These selections must be compatible with the
Laboratory's objectives. Students are expected to spend the
first two semesters following admission familiarizing them-
selves with the research programs of the Laboratory's staff
and related research in other departments, including partici-



pation in several research projects, and to make their selection
on this basis.

Because of the intensity of the program the student is ex-
pected to work on a year—-round basis.

NATURAL SCIENCE
Center for Advanced Microscopy

CENTER FOR
ADVANCED MICROSCOPY

Karen L. Klomparens, Director

The Center for Advanced Microscopy is a facility with five
electron microscopes and support equipment, located in the
Integrative Plant Systems Center. A dedicated scanning
transmission electron microscope with an energy loss spec-
trometer is located in the Physics—Astronomy Building. The
Center serves the University community in teaching, re-
search, and service in transmission and scanning electron mi-
croscopy, specimen preparation, and x—ray analysis.
Graduate students may complete research projects involving
electron microscopy without beam hour charges. Library and
consulting services in electron microscopy are available at the
Center.
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