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Introduction

Publications
Institute of Technology (IT) students
are responsible for all information in
this bulletin that is pertinent to under
graduate study and to their particular
field. In addition, students should be
aware of information in the following
sources that may affect them:
Class Schedule-This quarterly publica
tion lists University day school courses
complete with hours, rooms, instructors,
prerequisites, registration instructions,
fees, maps, final exam schedules, grading
definitions, and other valuable informa
tion.
Other Bulletins-The General Informa
tion Bulletin provides an overview of Uni
versity policies. Evening and summer
courses are featured in the Continuing
Education and Extension Classes Bulletin
and Summer Session Bulletin, respec
tively. Separate bulletins are also pub
lished for other University colleges. Most
may be obtained by visiting the
Williamson Hall Information Center or
by calling 373-2153.
IT Connection-This biweekly newslet
ter describes registration notices, IT poli
cies, seminars, and other items of interest.

Policies
Bulletin Use-The contents of this bul
letin and other University bulletins, pub
lications, or announcements are subject to
change without notice. University offices
can provide current information about
possible changes.
Equal Opportunity-The University of
Minnesota is committed to the policy that
all persons shall have equal access to its
programs, facilities, and employment
without regard to race, religion, color, sex,
national origin, handicap, age, or veteran
status. In adhering to this policy, the Uni
versity abides by the requirements ofTi
tIe IX of the Education Amendments of
1972; by Sections 503 and 504 of the Reha
bilitation Act of 1973; by Executive Order
11246, as amended: 38 U.S.C. 2012; by the
Vietnam Era Veterans Readjustment As-
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sistance Act of 1972, as amended; and by
other applicable statutes and regulations
relating to equality of opportunity.

Inquiries regarding compliance may be
addressed to Patricia A. Mullen, Director,
Office of Equal Opportunity and Affirma
tive Action, 419 Morrill Hall, UniversJity
of Minnesota, 100 Church Street S.E.,
Minneapolis, MN 55455 (612/373-796H>;
to the Director of the Office of Civil
Rights, Department of Education, Wash
ington, DC 20202; or to the Director of the
Office of Federal Contract Compliance
Programs, Department of Labor, Wash
ington, DC 20210.
Access to Student Educational
Records-In accordance with regents'
policy on access to student records, infor
mation about a student generally may not
be released to a third party without the
student's permission. The policy also per
mits students to review their educational
records and to challenge the contents of
those records.

Some student information-name, ad
dress, telephone number, dates ofenroll
ment and enrollment termination, college
and class, major, adviser, academic
awards and honors received, and degrees
earned-is considered public or directory
information. To prevent release of such in
formation outside the University while in
attendance at the University, students
must notify the records office on their
campus.

Students are notified annually of their
right to review their educational records.
The regents' policy, including a directory
of student records, is available for review
at the Williamson Hall Information Cen
ter, Minneapolis, and at records offices on
other campuses of the University. Ques
tions may be directed to the Office of the
Coordinator ofStudent Support Services,
260e Williamson Hall (612/373-2106).

Cover Photo: The James Ford Bell Library
is part of the vast University of Minne80ta
library system open to all students.
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General Information

Degrees Offered
The Institute of Technology (IT) awards
both undergraduate and graduate de
grees.

Undergraduate Degrees-Bachelor's
degrees are offered in architecture and
landscape architecture, various branches
of science, and major engineering fields.
The specific degrees offered are:

Bachelor ofAerospace Engineering and
Mechanics!

Bachelor of Agricultural Engineering!
Bachelor ofArchitecture
Bachelor ofScience in Astrophysics
Bachelor of Chemical Engineering!
Bachelor of Chemistry
Bachelor ofCivil Engineering!
Bachelor of Computer Science
Bachelor of Electrical Engineering!
Bachelor of Environmental Design
Bachelor of Extractive Metallurgical En-

gineering!
Bachelor of Geo-Engineering!
Bachelor ofScience in Geology
Bachelor of Science in Geophysics
Bachelor of Landscape Architecture
Bachelor of Materials Science and Engi-

neering
Bachelor of Mathematics
Bachelor of Mechanical Engineering!
Bachelor of Physics
Bachelor of Statistics
Graduate Degrees-IT and the Gradu
ate School jointly offer a program leading
to the master of engineering (M.E.) degree
in any of the engineering disciplines. This
program provides advanced preparation
in specialized design work for recent grad
uates in engineering as well as for work
ing engineers who wish to improve their
technical capabilities.

The objectives of the M.E. program are
very different from those ofthe research
oriented M.S. program. Design study lead
ing to the M.E. degree focuses upon apply
ing knowledge of engineering, physical,
and social sciences to adapt materials and
sources of power for human uses.
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The curriculum, which requires one
calendar year to complete, includes up to
six courses of a design nature plus several
courses in a minor field (related to the stu
dent's undergraduate specialty) such as
business, economics, statistics, geogra
phy, or political science. In addition, stu
dents complete a design project that
requires the equivalent of four or five
months ofwork under faculty supervision
and often with the assistance of a working
engineer.

Applicants are evaluated according to
the following criteria: interest in and apti
tude for creative, design-oriented pro
grams, as demonstrated by performance
in relevant undergraduate courses; indus
trial design work, including technical re
ports and reports on undergraduate
projects; and undergraduate grade point
average (a GPA of2.50 or better is re
quired, and greatest consideration is
given to upper division work).

Students who do not meet the above
criteria may also be considered upon rec
ommendation from faculty members or
practicing engineers. Prospective stu
dents should contact the department office
in their area of specialization for more in
formation and necessary forms.

Each IT department also offers M.S.
and Ph.D. degree programs in a number of
areas within its discipline. For detailed
information about the various graduate
programs, consult the Graduate School
Bulletin.

Special Programs
Interdisciplinary Programs-Any IT
student may plan an interdisciplinary
program tailored to his or her specific in
terests. Although a degree is conferred by
a single department, students may com
bine course work from several depart
ments.

'Program is accredited by the Engineering Accredita
tion Commission ofthe Accreditation Board for Engi
neering and Technology.
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Numerous interdisclplinary programs
are possible. Students should contact their
department office or visit 105 Lind Hall
for more information.
Engineering Internships-Applied en
gineering training in selected industries
is available during quarters of work expe
rience that alternate with quarters of
University studies. Students are regis
tered and considered to be in full-time at
tendance during the work periods.
Internships are usually designated for the
last two years of study. Students should
contact their department office for more
information.
Premedical Programs-Because there
is no prescribed premedical major, some
students plan their IT programs as prepa
ration for medical school. The three Min
nesota medical schools, at Duluth,
Minneapolis, and Rochester, give strong
preference to applicants who are state res
idents.

The Admissions Committee for the
Minneapolis campus Medical School has
approved the following courses to fulfill
its premedical requirements:

BioI 1009 plus 5 cr in biology, zoology, or genetics
00 cr)
Chern 1004-1005 or 1031-1032, 3100, 3101, 3301,
3302 or 1034, 3034, 3201, 5126 (25 cr)
Comp 1011, literature, or humanities 02 cr)
Math 1211-1221-mathematics through calculus
00 cr)
Phys 1104-1105-1106-1107-1108-1109, or 1271
1275-1281-1285-1291-129505 cr)
At least 27 cr, evaluated on A-N grading, in hu
manities, social science, foreign language, or other
liberal arts areas (literature and humanities rec
ommended)

Students considering careers in medi
cal research or academic medicine should
complete additional electives in these
fields beyond the basic requirements
listed above. Although reading knowledge
of a foreign language is not an admission
requirement, it is recommended for stu
dents interested in medical research or
postdoctoral study in medicine.

The Pre-Health Science Library, 30
Johnston Hall, contains bulletins for all
U.S. and Canadian medical schools as
well as career information about medical
and paramedical fields.

Special Programs

For details about application proce
dures, students should consult the pre
medical adviser of their IT department.
Project Technology Power-The Insti
tute of Technology participates in the
national effort to overcome the underrep
resentation of Blacks, American Indians,
Mexican Americans, and Puerto Ricans in
engineering and other technical profes
sions. To this end, the minority affairs
program, Project Technology Power, is ac
tive at both the pre-college and college
levels. Through Project Technology
Power, IT sponsors motivational pro
grams for minority students in the eighth
through tenth grades in Minneapolis and
St. Paul schools. IT students, faculty
members, and industry representatives
participate in the programs. At the college
level, Project Technology Power offers
several merit scholarships, regularly
scheduled tutoring, and a summer em
ployment referral service. The Project
Technology Power phone number is 612/
373-2673.
Reserve Officers' Training Corps
Qualified men and women students may
combine work toward an IT degree with
participation in an ROTC program. The
Departments of Military Science (Army
ROTC), Naval Science (Navy/Marine
ROTC), and Aerospace Studies (Air Force
ROTC) each offer two-, three-, and four
year programs. Participating students
earn elective credits, and upon completion
of the program, receive a commission as
an officer in their respective service.
ROTC curricula are designed to provide
instruction and practice in leadership and
management skills as well as military
and related subjects. Of important note is
the various financial aid available, rang
ing from tax- free monthly allowances to
four-, three-, and two-year scholarships. A
scholarship ($1,000 ofwhich is tax-free
each year) pays all tuition and provides an
allowance for books, supplies, and fees.
Present service requirements give IT stu
dents first priority. Interested students
should consult the A rmy-Navy-Air Force
ROTC Bulletin or inquire at the following
offices in the Armory on the Minneapolis
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General Information

campus: Military Science, Room 108,612/
331-5677 (collect); Naval Science, Room
203, 612/373-2230; and Aerospace Stud
ies, Room 3, 612/373-2205.

Computer Facilities
Digital computers have become common
working tools for most people in science
and technology. The Institute of Technol
ogy, in cooperation with University Com
puter Services, has established a number
ofcomputer laboratories for student use.
The laboratories are of two types. The
time-sharing laboratories allow interac
tive computing, using a terminal to com
municate with a central time-sharing
computer system. The batch laboratories
allow the student to submit a punched
card deck containing a program and data
which are transmitted to a general pur- '
pose batch computer. Both types oflabora
t?ries ar~ available t~ IT students at any
time durmg the workmg day, and during
limited evening and weekend hours.
These laboratories are used for class as
signments or special projects under fac
ulty supervision.

In addition to these general purpose
computers, students have access to a large
number of special purpose machines
ranging in size from small tabletop ~nits
for data reduction in laboratories to larger
models reserved for special projects in
computer science and electrical engineer
ing. For IT graduate students, faculty,
and staffengaged in research, the Univer
sity Computer Center (UCC) has estab
lished microcomputer laboratories.

A series of graded courses that may be
entered at different levels is offered by the
Department of Computer Science for stu
dents in the freshman year, both for those
with an elementary background and those
who have no prior training. These courses
are designed to teach the student a more
sophisticated level ofprogramming, using
both the interactive and batch systems,
and to introduce languages such as FOR
TRAN, Pascal, assembly language, and
SNOBOL. Students who want to acquire
programming skills outside the IT class
room environment can take several low
cost, noncredit short courses taught by
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UCC staff. Thus, all students should be
prepared to use digital computers in their
subsequent course work.

In addition, the University has
founded, as ~ cooperative project of IT,
UCC, and prIvate industry, a Supercom
puter Institute. The Institute makes it
possible for students and faculty to use the
latest supercomputers, with remarkably
fast processing and capacious memories
in their research. '

Although digital computers are the
most widely used computational aid in en
gineering work, analog computers also
are used for a number of applications.
Each engineering department in IT has
one or more analog computers for instruc
tional use, in addition to those reserved
for research projects.
. UCC. has a variety of advanced comput
mg eqUipment available to students.
Batch and interactive computing are ser
viced by two separate CDC CYBER com
puter systems. Both systems are
accessible through remote terminals lo
cated in the student laboratories.

For graduate, faculty, and staffre
search, UCC has available an interactive
facility on a CDC CYBER system and on a
DEC VAXJVMS system. IT faculty and
staff researchers have access to a CRAY-1
supercomputer through the CYBER and
VAXJVMS front-end processors. UCC will
provide access to other supercomputers
during 1985-87. Additionally, the VAX/
VMS system offers extensive on-line
graphics capabilities.

In addition, the Department of Com
puter Science operates its own computer
systems laboratory for instruction and re
search activities. The facilities available
in this laboratory include PDP-11160 and
11/40 systems (using the UNIX operating
system), an Imlac interactive graphics
system, eight Terak microcomputers, and
a VAX computer system. Finally, sub
stantial facilities associated with the re
cently formed Center for Microelectronic
and Information Sciences are also avail
able for use by students and faculty mem
bers. These facilities include CAD
systems, chip production equipment, and
analysis equipment.

<011
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The use of computers of all sizes and
types is expanding so rapidly that it is dif
ficult to predict all applications even a few
years ahead. A major objective ofIT is to
ensure that all of its graduates have expe
rience with different computers during
their undergraduate education so they
will be thoroughly familiar with their use
on the job.

Admission
Prospective Student Advising-Any
student who wants to discuss her or his in
dividual situation can arrange an inter
view at the Office ofStudent Affairs, 105
Lind Hall, 207 Church Street S.E., Min
neapolis, MN 55455 (612/373-2972). Stu
dents should bring transcripts of high
school and/or college work, test results,
and any other pertinent information to
the interview.
Application Procedure-Admission
materials and information can be re
quested by mail, by phone, or in person
from the Office of Admissions, 240
Williamson Hall, University ofMinne
sota, 231 Pillsbury Drive S.E., Min
neapolis, MN 55455 (612/376-1382). A
nonrefundable application fee, payable to
the University of Minnesota, must accom
pany your admission application.

You may begin college work in any
quarter. As a new student, you may enter
during the summer session and earn cred
its toward a degree, but you are not for
mally admitted to the college until a later
quarter (in most cases, fall).

Applications must be received by July
15 for fall quarter admission, November
15 for winter quarter admission, and
February 15 for spring quarter admission.
High school students are encouraged to
apply by February 1, the priority deadline
for fall quarter. Advanced standing stu
dents are encouraged to apply by April 1
for fall quarter. Summer session enroll
ment and registration instructions are in
the Summer Session Bulletin, available
by April 1; you may register in advance,
beginning in late May. All deadlines are
subject to change.

Admission

Freshman Admission-High school
graduates who have completed less than
one year of college work (fewer than 39
quarter credits) enter as freshmen. High
school course requirements are four years
of English; four years of mathematics in
cluding beginning and intermediate alge
bra, trigonometry, and geometry of two
and three dimensions; and one year of
both chemistry and physics. Admission
decisions are based on grades in high
school English, mathematics, and science
and on an IT Aptitude Rating (lTAR) cal
culated as follows:

ITAR = High School Rank percentile
+4 times the PSAT (Pre
liminary Scholastic Aptitude
Test) mathematics score

or
High School Rank percentile +
2 times the ACT (American
College Testing program)
mathematics and 2 times the
natural science standard
scores.

To be considered, a student should have
an ITAR (PSAT) ofat least 280 (320 for an
excellent chance of admission), or an
ITAR (ACT) of at least 180 (200 for an ex
cellent chance). Note: The SAT (Scholastic
Aptitude Test) mathematics score may be
used in the ITAR (PSAT) formula by di
viding the SAT score by ten (e.g., 600
+ 10=60).
Engineering at Duluth and Morris
Students admitted to the University of
Minnesota at either Duluth or Morris who
also meet the criteria under Freshman
Admission above are eligible to enter an
IT engineering program. Fully considered
IT students, they are expected to complete
the first two years of the program at their
coordinate campus (either Duluth or Mor
ris) and the final two years at the Twin
Cities campus. Transfer to IT for their ju
nior and senior years is automatic pro
vided they meet the same grade point
average required of students who spend
their first two years at the Twin Cities
campus. (See Upper Division under
Scholastic Policies below.) This program
is not open to international students on a
student visa.
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General Information

Exemption from Comp 1011
5 cr Comp 1011

5 cr Math 1211 (Calculus 1)
10 cr Math 1211-1221

(Calculus I-ID
5 cr Math 1211 (Calculus 1)
10 cr Math 1211-1221

(Calculus I-ID
15 cr Math 1211-1221-1231

(Calculus I-II-III)
10 cr PhysI271-1275, 1281-1285

(General)

Exemption from Comp 1011
4 cr Engl1999 (miscellaneous

credit)

4

5

Credit may also be awarded in art history,
classics, French literature, history, and
Spanish literature.

The College Level Examination Pro
gram (CLEP) is also sponsored by the Col
lege Entrance Examination Board.
Minimum scores of 568 in the social sci
ences and 564 in humanities will cause 4
credits to be awarded per exam. No credit

Biology 4,5 4 cr BioI 1008 <Introductory)
and 5 cr Bioi 1009 (General)

Chern 1004-1005 (General)
4 cr CSci 1999 (miscellaneous

credit)
5 cr CSci 3104 <Introductory

Programming)
4 cr CSci 1999 and 5 cr CSci

3104

and NSP serve as advisers to IT students
through this program. Arrangements to
participate are made in 23 Lind Hall.

IT unclassified students follow the
same first-year academic program as that
followed by IT students with a declared
major. (A listing of the requirements com
mon to all IT basic lower division curric
ula is found in the second section of this
bulletin.)
Credit Awards-High school students
may be awarded college credit based on
their participation in one of several pro
grams:

Advanced Placement is sponsored by
the College Entrance Examination Board
in certain high schools. Awards for the In
stitute ofTechnology are:
ArealTest Score Awards

Physics C 4,5

5

Calculus BC 3
4

Chemistry 4,5
Computer 3

Science

English
Language 3

and Com- 4,5
position

Literature 3
and Com- 4,5
position

Math
Calculus AB 4

5

Early Admission-Outstanding high
school students who have not yet gradu
ated may be admitted to the University,
but must be sufficiently mature to adjust
to University life and work. Personal in
terviews, comprehensive testing, and let
ters of recommendation from high school
officials and parents are required. High
School Specials are students who enroll
for courses while completing high school
work. Early Admits are outstanding stu
dents who have not completed high school
yet enter the University as full-time de
gree-seeking students; normally, they do
not receive a high school diploma.
Upper Division Admission-Students
entering as freshmen or sophomores must
apply for admission to the upper division
(junior and senior years). New freshmen
and sophomores are told at orientation
what minimum grade point average
might be required for entry into their de
sired upper division major field. (See Up
per Division under Scholastic Policies
below for procedure.)
Admission Without a Designated
Major-Students undecided about a
specific major in engineering or science
should indicate "IT unclassified" on the
application for admission. They are as
signed a faculty adviser in the central ad
vising office, 23 Lind Hall. Students may
remain in this category for five quarters
or until admitted to upper division. Dur
ing the period in which students remain
unclassified they are encouraged to take
advantage of the many special programs
that provide information about career op
portunities in the various fields in IT.
These programs are designed to help stu
dents learn more about the many fields
and make a prudent choice of major.

All students are urged to take advan
tage of the very beneficial Industry Ad
viser Program, through which they can
visit selected industries to talk and learn
about engineering and science fields with
an engineer and/or scientist oftheir
choice. Currently, over two hundred engi
neers and scientists from Honeywell, 3M,

10



is awarded for the English, natural sci
ences, and math exams. CLEP also offers
a number of subject examinations for
credit. Information about further credit
award may be obtained from 105 Lind
Hall.

International Baccalaureate (IB)
awards, available in a number of sec
ondary schools in Canada and the United
States, are made as follows:
AreafTest Score Awards

Chemistry 4-7 10 cr Chern 1004·1005 (General)
(higher level)

Computer 5-7 2 cr CSci 1999 (miscellaneous
Science credit)
(subsidiary
level)

Math 5-7 10 cr Math 1211-1221 (Calculus
(higher level) I-II)

4 5 cr Math 1211 (Calculus I)

Physics 4-7 15 cr Phys 1271-1281-1291
(higher level) (General) and labs 1275-1285-

1295

Advanced Standing Admission-Stu
dents who have completed a year or more
of college work (39 or more quarter cred
its) are considered for admission with ad
vanced standing. Students planning to
transfer to IT should be pursuing a lower
division engineering, science, or pre-ar
chitecture program. The mathematics,
chemistry, physics, and computer science
courses required for the preferred major
should be completed or in progress at the
time of application. Admission decisions
are based on the overall grade point aver
age (GPA) and grades in science and
mathematics. Since demand for some IT
programs exceeds available places, appli
cants are asked to indicate three majors in
order of preference. Applications must in
clude transcripts from all colleges at
tended, reflecting all college work
attempted (whether satisfactorily com
pleted or not).

Most courses transfer routinely. Equiv
alency for technical courses has been es
tablished between IT and Upper Midwest
colleges and universities. Technical
courses in which a grade ofD has been
earned do not transfer, unless the follow
ing course in the sequence was completed
with a grade ofC or better. Courses from

Admission

the University's General College may
transfer only by petition; accepted credits
may be applied to graduation require
ments but will not be used in computing
the GPA or honor points.
Adult Special Admission-Persons in
terested in completing individual courses
or groups of courses to meet their own
needs, rather than to pursue degree pro
grams, may be admitted as adult special
students. Applicants must usually have a
bachelor's degree and meet criteria simi
lar to that required of advanced standing
students. Although adult special students
are not considered degree candidates, they
may subsequently begin degree work
when recommended by the departments
in which they have studied. In such cases,
credit earned as an adult special student
is accepted as degree credit when appro
priate.

Students seeking adult special admis
sion should apply and submit transcripts
of all college work to the Office of Admis
sions well in advance of the quarter they
wish to begin. Restrictions on admission
ofnonresident undergraduate students
apply also to adult special students.
International Student Admission
Students wishing to apply to IT who are or
will be on a student visa are admitted for
the fall quarter only. Applications must
be submitted by Aprill. Selection is based
on the student's academic record and the
availability of space.
Summer Session-Qualified students,
including those from high school, may
register for University courses offered in
the summer. Students need not apply, but
may register as "summer only" students.
Information on summer offerings is avail
able from the Summer Session Office, 135
Johnston Hall, 101 Pleasant Street S.E.,
Minneapolis, MN 55455 (612/373-2925).
Students register for math, science, and
engineering courses in the Institute of
Technology office, 105 Lind Hall, and for
liberal arts courses in the College of Lib
eral Arts (CLA) office, 214 Johnston Hall.
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General Information

Financial Aid
The University offers three general types
of financial aid to undergraduates: schol
arships and grants, student loans, and col
lege work-study. A student employment
service to help students find jobs is also
available. For more information, contact
the Office ofStudent Financial Aid, 210
Fraser Hall, University of Minnesota, 106
Pleasant Street S.E., Minneapolis, MN
55455 (612/376-2424).

Various IT research facilities offer
part-time research and other job opportu
nities for qualified undergraduate and
graduate students. Because a complete
listing offacilities and positions is not pos
sible, students should contact individual
departments for more information.

Entering freshmen are eligible to apply
for the Undergraduate Assistant Scholar
ship Program, which entails a $1,000
award and involvement with a faculty
member on a research project. The pro
gram gives them exposure to the research
effort of their particular department and
brings them into close contact with out
standing professors. Students must apply
before March 1 of their senior year in high
school.

International students do not qualify
for financial aid.

Student Services
Faculty Advisers-At the time of regis
tration, each new IT student is assigned a
faculty adviser from her or his major de
partment. During fall quarter, students
consult with their adviser to plan their
schedule for the rest ofthe year. During
spring quarter, students meet again with
their adviser to plan a program before
they are allowed to register, or to make
any changes after registering. Students
who wish to change advisers within the
same department should go to their de
partment office.
Professional Counselors-Counselors
are available to discuss questions about
career plans or any personal problems stu
dents may have. Counseling ap
pointments are scheduled in 101 Eddy
Hall.

12

Undergraduate Teaching Assistants
To help all students perform to the best of
their abilities, IT provides peer tutorial
assistance for its students in chemistry,
computer science, mathematics, physics,
and other IT courses. These teaching as
sistants are selected from junior and se
nior IT honor students who are willing
and able to work with students who need
aid. Tutorial assistance is provided in var
ious locations-on campus, in all resi
dence halls, and at selected metropolitan
high schools.

Teaching assistants are available dur
ing scheduled hours Monday through Fri
day in 24 Lind Hall. They hold regularly
scheduled hours, usually from 7 to 10 p.m.
Sunday through Thursday, in Centennial,
Comstock, Frontier, Territorial, Middle
brook, Pioneer, Sanford, and Bailey Halls.

Teaching assistants staff several
metropolitan high schools, including Ed
ina South View Junior High, Minneapolis
Washburn, Mounds View, SandburgJu
nior High, St. Paul Johnson, and West St.
Paul Henry Sibley. The schedule at these
locations is usually 7 to 9 p.m. on Tuesday
and Thursday.

In addition, graduate teaching assis..
tants staffdesignated study rooms in the
Departments of Chemistry, Computer Sci
ence, Mathematics, and Physics. Theyof
fer help with course work taught by the
department with which they are associ
ated and are available during scheduled
hours, usually 9 a.m. to 3 p.m.

Inquiries about tutorial programs
should be made to the director oflower di
vision programs, 23 Lind Hall.
IT Career Planning and Placement-
The IT Career Planning and Placement
Office, located in 15 Experimental Engi
neering, has personnel available to assist
graduating seniors and advanced degree
candidates with career choices and career
development.

A wide variety of companies, repre
senting local, state, and national organi
zations, visit the Career Planning and
Placement Office each year. The office
schedules interviews and maintains a li
brary with information about companies
and government agencies that are

1
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prospective employers. Assistance is also
available to undergraduate and graduate
students seeking summer employment.

A course is taught each winter quarter
for students needing assistance in career
decision making. The course- lofT 1222,
Introduction to Careers in Science and
Engineering (2 credits)-is open to all stu
dents.

The Career Planning and Placement
Office also coordinates and supplies infor
mation about and applications for the En
gineer In Training (EIT) examinations.

Grading
Grading System and Grade Point Av
erage-The Institute ofTechnology uses
the same grading and symbol system as
the other collegiate units on the Twin Cit
ies campus. Students should consult the
Class Schedule for an explanation of the
system.

Only credits taken on the A-N grading
system are calculated in the grade point
average. A 2.00 average or better is con
sidered satisfactory work. Each letter
grade carries the following grade points
per credit: A = 4.00, B = 3.00, C = 2.00, and
D = 1.00. The grade point average is deter
mined by dividing the sum ofthe grade
points earned by the sum of the credits
completed.

The N grade is assigned when a stu
dent does not earn an S or a D or higher
and is not assigned an I. It stands for no
credit, carries no grade points, and is not
used in calculating the grade point aver
age.
S·N Grading-An IT student can elect
the SoN grading option for any course of
fered on an SoN basis except those specifi
cally designated by the student's major
department to be taken on an A-N basis
only. Each department has available a list
of those courses or categories of courses
that it restricts to A-N registration for its
majors.

New students in the Institute ofTech
nology may take only one course on SoN
grading during their first quarter in resi
dence (in addition to any course available
only SoN).

Grading

An IT student may take no more than
two courses per quarter or one course per
summer term on SoN grading.

No more than 25% ofthe total Univer
sity of Minnesota residence credits pre
sented for graduation for a given
curriculum may be taken SoN. This regu
lation does not apply to credits presented
in excess of the minimum required.

Assuming that all other requirements
and regulations are met, a student may
change from A-N to SoN or from SoN to A
N through the second week of a quarter,
but not thereafter. A change from or to S
N registration in a given course must be
made on a Course Request form.

SoN registration is indicated by insert
ing the number of course credits in the S
N column on the Course Request form.

Incompletes-The I grade is assigned
when a student has completed all but a
small portion of the work of a course and
has made prior arrangements with the in
structor to make up the work. An incom
plete will become an N grade if not made
up by the end of the next quarter in resi
dence.

Withdrawals-The symbol W indicates
official cancellation of a class without
grade. IT students who withdraw from a
course following the end ofthe second
week of a quarter up through the end of
the sixth week receive this symbol, re
gardless of their academic standing in the
class at the time ofcancellation. Cancella
tions processed during the first two weeks
of a quarter do not appear on a student's
record. A W received through the end of
the sixth week of a quarter is not used in
calculation of the honor point deficiency.
Cancellation after the first six weeks of a
quarter is granted only with approval
from the Office ofStudent Affairs, 105
Lind Hall (373-7536). Such late cancella
tions are granted only under unusual cir
cumstances.

To completely leave the University
during a quarter, students must cancel all
courses for which they are registered.
They should notify the Office ofStudent
Affairs, 105 Lind Hall (373-2972), prefer
ably in person.
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Auditing-The symbol V indicates that
the student is a visitor in a course and is
taking the course without credit. Courses
audited may be taken for a grade and
credit at a later time. A student may
change from a credit/graded registration
to an audit/nongraded registration up to
the end of the sixth week of a quarter with
the permission ofthe instructor. Students
who audit courses pay regular tuition and
fees.
Continuation Courses-The symbol X is
reported in continuation courses in which
a grade is not assigned until the entire se
quence is completed. Upon completion of
the sequence, a grade is submitted for
each X on the academic transcript.

Transcripts-Student academic records
are maintained on a computerized tran
script system. For a description of the sys
tem, see the GeneralInformationBulletin.

Scholastic Policies

Special Examinations for Credit-Stu
dents who believe their knowledge ofa
subject is equal to that required to com·
plete a particular course may request to
take an examination for credit. Once ap
proved in 105 Lind Hall, arrangements
can be made with the appropriate depart
ment to take an examination. A $30 fee is
assessed for each examination. Only cur
rently enrolled students are eligible.
Credit by special examination is not
granted for language courses taken in
high school.

Honors Opportunities-The Institute of
Technology has a variety ofhonors oppor
tunities for students, including honors
courses, seminars, research projects, and
group activities. Students are informed of
these programs after their acceptance into
IT.
Continuation in Sequences-IT stu
dents taking the following lower division
sequence courses must earn a grade ofat
least C each quarter to continue in the se
quence:
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Chern 1004-1005, 3100-3101
Chern 1031-1032, 1133'
Chern 330113305, 3302/3306
Chern 3331, 3332/3335, 3333/3336
EE 30092

Geo 1001, 1002
Math 1201, 1211-1221-1231'
Math 1611-1621'
Math 3211'
Math 3511, 3521, 3531
Math 3611,3621
Phys 1141-1142
Phys 1271-1281-12914

Phys 3511-3512-3513

Upper Division-The upper division cor
responds to the junior and senior year.
Transfer students are usually admitted
directly into the upper division of their
major field upon admission to IT.

Freshmen and sophomores must apply
for entry and are told at orientation what
minimum grade point average might be
required. That grade point average is cal
culated using the grades of all courses
taken, including repeated courses and N
grades. Students should file an applica
tion in 105 Lind Hall before completing
their sophomore year.
Honor Points and Honor Point Defi
ciency-The Institute ofTechnology cal
culates honor points and an honor point
deficiency (HPD), which are used to deter
mine academic progress, as follows:

A =2 per credit
B =1 per credit
C = 0 per credit
S = 0 per credit
D = - 1 per credit
N = - 2 per credit
W (after sixth week) = - 2 per credit (prior to filII
1982)

An I grade is not counted initially. If it
is made up by the end of the next quarter
in residence, the new grade will be
counted on the basis of the above table. If
not made up, the I reverts to an N, whi,ch
carries a deficiency of 2 per credit.

1For continuation in the chemistry major sequence
(Chem 3331) an IT student must have earned a C In

Chem1133.
2A C grade or better in EE 3009 is required for admis
siontoEE3010.
3In order to continue in additional mathematics
courses (in particular Math 3211 or Math 3221) or se
quences, an IT student must earn at least a C grade in
Math 123101' Math 1621. A student must earn at least
a C grade in Math 3211 before taking Math 3231 .
4For continuation in physics sequences, an IT student
must earn at least a C grade in Phys 1291.



Withdrawals after the end ofthe sixth
week of a quarter, which was permissible
prior to fall quarter 1982, are considered
in the honor point deficiency calculation;
the W is treated as an N in such cases.
Quarterly Honor Point Deficiency-A
student will be placed on probation when
the honor points earned for a given quar
ter fall in the negative range. Ifthe honor
point deficiency (HPD) is 10 or more, the
student may not again register in the
Institute of Technology without the per
mission ofthe Scholastic Standards Com
mittee ofhis or her major department.

To obtain a decision on continuance, a
student must complete an E-100 form
(available in the major department) and
must appear in person before the depart
ment Scholastic Standards Committee.
The department committees normally
meet only between quarters. This means a
student with an HPD of 10 or more at the
end of the fall quarter, for example, will
be allowed to register for spring quarter
classes only after his or her committee
meets at the end ofwinter quarter and
only if continuance is granted.

A student who is allowed to continue
will normally be required to complete
specified goals for the next quarter in resi
dence, and these will be indicated on the
E-100 form. If the goals are met, the stu
dent will be automatically continued at
the end of the quarter. Ifthe goals are not
met, the student will be routinely
dropped. A continued student will not be
allowed to register for a future quarter
unless his or her goals are met.
Cumulative Honor Point Deficiency
An IT student will not be allowed to again
register in the Institute ofTechnology if
her or his cumulative HPD is equal to or
greater than 15, unless granted continu
ance by the department Scholastic Stan
dards Committee. The cumulative
calculation includes all work taken at the
University ofMinnesota beginning in fall
quarter 1975. A student with an unsatis
factory cumulative HPD must appear be

Scholastic Policies

fore the Scholastic Standards Committee
of his or her major department with an E
100 form. It is the responsibility of the
committee to decide whether to continue
or to drop the student.
Drop Status-A dropped student may
not reenter day school classes or take IT
evening classes through Continuing Edu
cation and Extension unless granted per
mission by the Office ofStudent Affairs
(105 Lind Hall) and the department
Scholastic Standards Committee.
Repeating Courses-Students are al
lowed to repeat courses in which they re
ceived a grade ofD, and only the last
grade earned is then used in computing
their grade point average and honor point
deficiency. Students are not allowed to re
peat courses in which they received a
grade of C or better.

Students who repeat a required course
three times and do not earn a grade of C or
higher will be subject to drop action by
their department Scholastic Standards
Committee.
ROTC Courses-Grades received in all
ROTC courses will be entered on the stu
dent's transcript and will be counted in
the grade point average and honor point
deficiency calculations. ROTC credits may
be used to satisfy liberal education distri
bution requirements for those courses
that have been certified as suitable for
Group C (The Individual and Society) by
the appropriate academic department of
the University.
Changing Majors-To change majors
within IT, students must petition request
ing such a change. Forms are available in
105 Lind Hall.

To change majors from IT to another
collegiate unit or campus within the Uni
versity, students must apply for transfer
through the Office ofAdmissions and
Records, as far as possible in advance of
the projected transfer. Some units have
transfer application deadlines. Students
must meet admission requirements of the
unit they plan to enter.
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Residency Requirement-A student
earning a bachelor's degree must com
plete 45 credits after admission to IT, of
which at least 30 credits must be com
pleted in the senior year.
Dean's List-Students whose quarterly
academic performance places them in the
top 10% of their respective class qualify
for the Dean's List. Students must com
plete 12 credits or more to be eligible. The
credits may all be completed on A-N grad
ing or on a combination ofA-N and SoN
grading.
Graduation-The bachelor's degree with
professional designation will be rec
ommended for students who earn a grade
point average of2.00 or better, who have
no cumulative honor point deficiency, and
who have completed all of the required
work and the total number ofcredits
specified for their curriculum. Students
should file an Application for Degree at
the Registration, Student Records, and
Scheduling Office and pay the graduation
fee approximately a year prior to gradua
tion.
Graduation with Honors-Students
with a grade point average of 3.50 or bet
ter in their undergraduate work are
granted their degree "with distinction."
Students with a grade point average of
3.80 or better in their undergraduate
work are granted their degree "with high
distinction."

Conduct and Discipline
The Institute of Technology assumes that
all students enroll in its programs with a
serious learning purpose, and expects
them to be responsible individuals who
demand of themselves high standards of
honesty and personal conduct.

The Institute of Technology expects the
highest standards ofhonesty and in
tegrity in the academic performance of its
students. Any attempt by a student to
present work that she or he has not pre
pared, or to pass an examination by im
proper means, is regarded by the faculty
as a serious offense, which may result in
immediate expulsion of the student. Aid-
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ing and abetting a student in an act of dis
honesty is also considered a serious of
fense.

IT reserves the right to dismiss at any
time a student it deems undesirable for
any reason. Unethical conduct, wherever
it may occur, is considered sufficient
grounds for dismissal. Unauthorized use
ofan instructor's or administrator's name
on a University form or other paper is an
example ofconduct considered grounds for
dismissal.

A student has the right to appeal any
disciplinary action. Copies of the proce
dures for appeal are available in 105 Lind
Hall upon request.

Ifa student's infraction involves both
IT judicial proceedings and court proceed
ings, and ifan IT decision might prejudice
his or her court case, IT will hold its deci
sion in abeyance until the court proceed
ings have been concluded.

Grievances
Students with complaints or criticism
about academic policies have recourse
through well-established grievance proce
dures. They are expected to confer first
with the course instructor. Ifno satisfac
tory solution is reached, the complaint
should be presented to the department,
school, or program head. If these infonnal
processes fail to reach a satisfactory reso
lution, the department's committee on
academic standards and student affairs
will be assembled to hear the evidence.
Further appeals go to college-level and
University-level committees. Advisers in
the college office are competent sources
for interpreting college procedures or reg
ulations, and can often suggest suitable
alternatives when a problem is involved.

Student Activities
Architects, scientists, and engineers find
that membership in technical or profes
sional societies usually helps their career
development. Many of these societies have
student chapters at the University.
Through them students have the opportu
nity to participate in activities of the
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parent society, to gain experience in con
ducting technical meetings, and to meet
senior members of the societies. In addi
tion, regular membership in the society is
facilitated upon graduation, and any en
trance fee is reduced or waived for former
student members.
Professional Societies--Branches of the
following national professional societies
are maintained at the University of Min
nesota by students and faculty members:
American Chemical Society, American In
stitute of Chemical Engineers, American
Institute of Mining and Metallurgical En
gineers, American Institute of Physics,
American Society of Civil Engineers,
American Society of Mechanical Engi
neers, American Society ofAgricultural
Engineers, American Institute of Aero
nautics and Astronautics, American Insti
tute oflndustrial Engineers, and Institute
of Electrical and Electronic Engineers.
Additional professional societies include
the Minnesota Society of the American In
stitute ofArchitects, School of Mineral
and Metallurgical Engineering Society,
Society of Women Engineers, Geology
Club, and Minnesota Society ofProfes
sional Engineers.
Honorary Scholastic Societies--The
honorary scholastic societies in IT
promote the high standards of the engi
neering profession by conferring member
ships, awards, and other honors on
undergraduates distinguished for scholas
tic achievement and for character. These
fraternities normally elect members from
the junior and senior classes on the basis
of scholarship (as measured by class rank)
and character (as judged by peers and fac
ulty members). Ofthese honorary frater
nities, only Tau Beta Pi selects its
members from students in all undergrad
uate departments of the Institute of Tech
nology. The others confine their
membership to students from a single de
partment: Alpha Epsilon (Agricultural
Engineering), Chi Epsilon (Civil Engi
neering), Eta Kappa Nu (Electrical Engi
neering), Phi Lambda Upsilon
(Chemistry), Pi Tau Sigma (Mechanical

Student Activities

Engineering), and Sigma Gamma Tau
(Aerospace Engineering and Mechanics).
Plumb Bob-Plumb Bob, a senior hon
orary leadership and service fraternity,
works to create and maintain a spirit of
fellowship and cooperation among IT stu
dents and further the interests oflT and
the University. Its members are chosen
for their character, leadership, and ser
vice by a committee composed of students
and faculty members.
IT Student Board-The IT Student
Board is the executive body of the stu
dents in the Institute of Technology. It
represents students in matters affecting
the general interests oflT and the Univer
sity.
Student Publications-Two publica
tions by students are produced in the In
stitute ofTechnology: IT Connection
(newsletter) and IT Technolog (technical
magazine). The IT Board of Publications
selects editors and business managers and
directs the overall policy of the publica
tions. Students are encouraged to partici
pate as staff members of the various
publications.

Professional Registration
Registration as an engineer is a legal re
quirement for certain kinds of practice. A
professional license is required before an
individual may use the designation of en
gineer in any legal connection. There is an
increasing interest in industry for engi
neers to be registered to indicate profes
sional competency, even though they have
no legal obligation to do so. Many engi
neers have obtained a license to show
their support for the concept of a legal
recognition of the professional standing of
the engineer. Many also obtain a license
because professional registration may be
useful or required in future employment.

The license is awarded in most states to
those graduates of an accredited engineer
ing curriculum who have passed an
examination in the fundamentals of engi
neering and who have demonstrated their
competence by a specified number of years
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ofappropriate experience. The examina
tion covers materials studied in under
graduate curricula. For the convenience of
students, this examination is given at the
University in the spring of every year and
may be taken by students in their senior
year. Further information and application
forms may be obtained from the Executive
Secretary, Minnesota State Board ofReg
istration for Architects, Engineers, and
Land Surveyors, 1512 Pioneer Building,
336 North Robert Street, St. Paul, MN
5510l.

Continuing Education
Scientists and engineers frequently find
the need to enhance their professional
competence in response to technological
change. Others who change their profes
sional interests in midcareer find the need
to acquire training in areas different from
those of their undergraduate specializa
tions. Because of the growing interest in
postgraduate course work, IT and Contin
uing Education and Extension created the
Office of Continuing Education for Engi
neers and Scientists. This office surveys
the needs of technical specialists and re
sponds by offering quarter-length credit
courses, special conferences, and work
shops. Tailor-made intensive courses are
offered to companies to meet specific tech
nological needs for their employees. The
office also maintains an Engineers Infor
mation Registry, which lists the names of
professionals, their companies, and areas
of interest. This list is used to inform prac
ticing engineers and scientists offorth
coming programs.
UNITE Instructional Television-Ap
proximatey 30 credit courses each quarter
are offered through UNITE (UNiversity
Industry Television for Education), an
instructional television system for contin
uing education at the employee's work
site. These include both upper division
and graduate courses as well as specially
developed courses and seminars. Classes
are held in specially equipped TV studio
classrooms with on-campus students in at
tendance. The system is interactive, en-
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abling students at all sites to talk with the
instructor and to take part in class discus
sions. Participating companies help sup
port the system through payment of a
special fee based on the number of credits
for which its employees are enrolled. This
fee is separate from tuition, which is paid
either by the student or the company, de
pending upon company policy. The grow
ing list oforganizations offering UNITE
courses to their employees includes ADC
Magnetic Controls, Cardiac Pacemakers,
Control Data Corporation, Electronic Sys
tem Design Specialists, Inc., FluiDyne
Engineering, Honeywell, Inc., IBM COI-P0
ration, Medtronic, Inc., 3M Company,
Northern States Power Company, Perkin
Elmer Corporation, Sperry Defense Sys
tems, Sperry-Roseville, and U.S. Bureau
ofMines.

Further information may be obtained
from the Director, Continuing Education
for Engineers and Scientists.





Curricular Requirements

Note: Academic requirements stated in
this bulletin are subject to change at any
time upon approval of the faculty. Notifi
cation of changes in requirements is dis
tributed to students with their
registration materials.

Liberal Education
Requirements
Institute of Technology students, what
ever their area of specialization, are ex
pected to hold in common with all
University students the search for a lib
eral education--one that enhances their
powers ofjudgment and choice. A liberal
education implies awareness of the intel
lectual instruments for acquiring and
communicating knowledge, understand
ing of the ways in which engineers and
scientists contribute to our knowledge of
ourselves and our environment, historical
and philosophical perspective on the na
ture ofthe individual and society, and ap
preciation of the role ofliterature and the
arts in the interpretation oflife and na
ture.

The Institute of Technology faculty ac
cepts the divisions of knowledge outlined
by the All-University Council on Liberal
Education (CLE). The IT minimum liberal
education requirements, together with re
quired courses in English, mathematics,
and the physical sciences, exceed the basic
all-University requirements.

Liberal education course work should
be planned to complement the student's
subsequent professional studies. Students
are encouraged to complete advanced
level courses in some areas rather than a
large number of unrelated beginning
courses. Copies of recommended liberal
education elective programs are available
in department offices, and students are
encouraged to consult these programs
when choosing their electives.
Minimum Liberal Education Require
ments-In addition to required courses in
mathematics and the physical sciences
(which meet or exceed the all-University
distribution requirements), a minimum of
36 credits of liberal education courses is
required, in the following categories:
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1. Writing Practice requirement and an advanced
composition course as specified by the major depart
ment (8-9 credits). Most complete Writing Practice by
taking Comp 1011. The advanced composition course,
usually taken in the junior or senior year, might he
Comp 3031-Technical Writing for Engineers or
Comp 3015-Writing about Science. Other 3000-level
courses are acceptable as recommended by the major
department if appropriate to the student's curriculum.
If students are exempt from the Writing Practice re
quirement, the 8-9 credits may be taken from GrO"LlP
A (excluding mathematics, computer science, and
statistics; see the College ofLiberal A rts Bulletin for a
list of Group A classes), Group C, or Group D.

2. Group C-The Individual and Society 1

Human experiences and behavior in social environ
ments seen through modes ofgovernance, societal
structures and customs, patterns of interaction and
communication, religious forces, philosophical and
psychological concepts, and the perspectives ofhis
tory. Requirement: three courses (12 to 15 credits!.

Afro 1015; 1021,1022; 1025; 1441,3002,3011;
3013;3061,3062;3072;3075-3076;3081-3082t;3091
3092; 3401; 3421; 3501; 5001; 5002; 5072; 5101, 5<101

Air 1104; 1105; 1106' ; 3303; 3401; 3402
Amln 1771; 3026; 3036; 3111; 3112; 3121; 3131;

3151;3152;3161;3211;3411; 3810;5048
ArnSt All courses except 1920; 3920; 3970
ANEJ 3117; 3501, 3502, 3505; 5501, 5502, 5505
Anth All courses except 3592; 3960; 3970; 3980;

5161;5331;5392;5413;5910;5920
Arch 3001-3002
Chic 1105; 1106; 1107; 3211; 3212; 3221; 3330;

3441;3442;3615;3617;3711;3712
Clas 1001, 1002, 1003; 1004, 1005,1006; 1011.

1022,1033,1042; 1043 ; 1044; 1055, 1066; 3071; 3072;
3073; 3145; 5004; 5005; 5017; 5018; 5020; 5071; 5072;
5073;5085;5086;5145

CPsy All courses except 1970; 3330; 3980; 5310;
5970;5990

EAS 1032; 1063; 1461; 1462; 1463; 3201; 3202;
3211; 3281; 3464; 3465; 3467; 3468; 3471; 3472; 3868

Econ All courses except 3105; 3960; 3970; 5113;
5161-5162-5163; 5164-5165-5166; 5261-5262-5263;
5461-5462-5463; 5561-5562; 5631H; 5671-5672-5(;73;
5821H; 5861-5862-5863; 5970

FoSt (SPAN) 3001-3002-3003
Fren 3501; 3502; 3599
Geog All courses except 1425; 3311; 3431; 3451;

3511;3531;3551;3950;3970;3990;5423;5445;5512;
5522;5531;5701;5900

Ger3501; 3511;3512; 3513; 5331; 5510
Hist All courses except 3020; 3150; 3961; 3970;

3990;5011;5100;5970
HSci 1711,1712,1713; 1811,1812,1813;3201;

3202;3203;3711;3712;3713;3811;3812;3813;3825;
5111;5242;5825;5924;5925

Hum All courses except 3755; 3910; 3970; 3980;
5930;5970;5990

IntR 3101
Ital 3501; 3502; 3555; 5559
Jour 1001; 3776; 5501; 5559; 5601; 5603; 5611;

5615;5721;5801;5825



JwSt 1034; 3034; 3100; 3115; 3125; 3126; 3142;
3143;3521;5621

LAS 3131
Lib 5101; 5221
Ling 1005
MidE 1536; 3005; 3036; 3505; 3511, 3512; 3541-

3542-3543;3545;3555;5521-5523-5525;5546
Mil 1011, 1012, 1013,3141
Mus 1602
PA 3101, 3102; 3121; 3151; 5121; 5152; 5161,

5162;5181;5301;5319;5401;5505; 5506;5516;5517;
5550;5601-5062;5691

Phil 1002; 1003;1004;1102;1103;1104;3001,
3002,3003,3004;3234;3302;3303;3304;3305;3781;
5003;5004;5005;5008;5012;5020;5021;5033;5034;
5035;5036;5041;5042;5043;5044;5046;5052;5054;
5055;5068;5076;5301;5302;5311;5312;5321;5324;
5414;5415;5611;5612;5613;5615;5621;5701;5781

Pol All courses except 3070; 3080; 3085; 3109;
3110; 3970

Psy All courses except 3031; 3061; 3801; 3960;
3970;3980;5021;5061;5841;5861;5884

RelS All courses except 5960; 5970
Russ 3501, 3502, 3503
Scan 1504; 3501
Slav 1501; 3501, 3502, 3503
SoAS 1504; 1506; 3411; 3501, 3502; 3506; 3508;

3511;5411;5491;5508;5531-5532
Soc All courses except 1960; 3801; 3802; 3803;

3811;3960;3970;3980;3990;3991;3997;3998;5561;
5801;5960;5970

SPAN (see FoSt)
Spch 3211; 3401; 3431; 3625; 5211; 5222; 5231;

5232;5233;5402;5403;5405;5422;5431;5441;5451;
5602

SSci3101;3251,3252
SW All courses except 3004; 3020; 3031-3032

3033;3970;3989;3990;5010
UrbS3104
WoSt1005, 1006; 1155; 1977;3005;3300; 3349;

3705;3838;5101;5301;5311
3. Group D-Literary and Artistic Expression'
Accomplishment in music, literature, painting, sculp
ture, the theatre, the film; appreciation of the life of
the imagination; interpretation oflife through visual,
oral, and literary expression. Requirement: two
courses (8 to 10 credits).

Afro 1301; 3055; 3057; 3101, 3102; 3105; 3108;
3301;3601;5201;5301;5595;5597

AmIn 1111; 3116; 3221; 3242; 5251
AmSt All courses except 1920; 3920; 3970
ANEJ 1001; 1002; 1003; 3251
Arch 1021; 1022; 1023; 5051; 5052; 5053; 5054;

5055;5056;5061
ArtH All courses except 5950; 5960; 5970; 5990;

5991
ArtS All courses except 3970; 3980; 5970
Chic 3213; 3507; 3508; 3510; 3511
Chn 3161; 3162; 3163
Clas 3081; 3082; 3083; 3088; 3181; 3282;3383;

5002;5003;5065;5081;5082;5083;5102;5103;5109
EAS 3013; 3808
Engl All courses except 3851; 3852; 3963; 3970;

3980;5211;5815;5821;5831;5843;5851;5860;5871;
5876

Liberal Education Requirements

Foreign Languages-Any upper division foreign
literature courses

Hum All courses except 3970; 3980; 5910; 5930;
5970;5990

Jour 5171; 5221; 5606
JwSt 3115
MidE 3210; 3601; 3602
Mus All courses except 1602; 3970; 3980; 5950
Phil 3502; 5501; 5512; 5911
SoAS 1201-1202-1203; 5201·5202-5203
Spch 1104; 3201; 3203; 3204; 5204; 5221
Th All courses except 3412; 3980; 5321; 5540;

5950;5970
WoSt3103; 3501; 3502; 3701

4. Credits necessary to complete the 36-credit require
ment.' These credits are in addition to the minimum
required for each category. The credits may be taken
in any of the above categories. They may include
courses in the biological sciences and ecology, unless
specifically excluded by the student's department. Air
3301,3302 and Nav 3402 may also be used in this cat·
egory. Courses in astronomy, chemistry, computer
science, geology, mathematics, physics, business, ac
counting, and related areas may not be used to fulfill
liberal education requirements. CLEP examinations
may be used for partial fulfillment of requirements.
Students are strongly urged to take courses that ex
amine the impact ofscience and technology on society
and the environment.

The courses listed above are examples only
and do not include all of the courses that
may be used to fulfill the requirements.
Other courses may be petitioned in 105
Lind Hall.

Courses required for a specific major
curriculum that also meet the distribution
requirements above may be applied to
ward the IT liberal education require
ments.

Students are encouraged to take ad
vanced level courses and deepen their
knowledge of some area in which they are
interested. The prerequisites for upper di
vision courses are often quite minimal.

Normally, students are expected to ful
fill the specific category requirements.
However, students who feel that their ed
ucation is better served by a certain
amount of concentration in one category,
even when this does not fulfill the letter of
the distribution requirements, may peti
tion to be exempted from the require
ments for that category.

'Engineering students must complete a minimum of24
credits in Groups C and D. See Liberal Education Re
quirements for Students in Engineering Curricula be
low.
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'Chem 1133 is required only for chemistry majors.

CORE C

CORE B
Chemical Engineering, Chemistry, Materials Science

Credits
f w

Math 1211-1221-1231-
Calculus I-II-III 5 5 5

Chern 1031-1032, 11331-

Chemical Principles I-II,
Elementary Quantitative
Analysis 5 5 5

Comp lOll-Writing Practice 5
Nontechnical Elective ... 4 4------

15 14 14

s

55

w

4 4

f

Credits
f w

5 5
5

4 4 4

4 4

5
5

--±..Q. _4_ ..±.§..
14-15 14 14-15

1 1
4 4 5------
18 18 14

1295; this sequence may be started COI1l

currently with Math 1211 (Calculus I) or
the equivalent.

CORE A
Agricultural Engineering, Aerospace Engineering,
Civil Engineering, Computer Science, Electrical
Engineering, Geological Engineering, Geology,
Geophysics, Mathematics, Mechanical Engineering,
Extractive Metallurgical Engineering, Physics

Credits

Math 1211·1221-1231-Calculus
I-II-III

Comp lOll-Writing Practice
Phys 1271-1281-General Physics
Phys 1275-1285---General Physics

Laboratory
Elective in computer science,

introduction to engineering,
or nontechnical area

CORE D
Landscape Architecture

See department curriculum.

Architecture, Environmental Design

Math 12ll-1221-Calculus I-II
Comp lOll-Writing Practice
Arch 1021-1022-1023-History

of Environmental
Development

Phys 1041-1042-Introductory
Physics

Phys 1045-1046-Introductory
Physics Laboratory

Nontechnical Elective

First-Year Core

Liberal Education Requirements for
Students in Engineering Curricula
Students in engineering programs must
meet the liberal education requirements
stated above. They must complete a mini
mum of24 credits in Group C, The Indi
vidual and Society, and Group D, Literary
and Artistic Expression. These 24 credits
cannot include any ROTC (Air, Mil, Nav)
courses except those certified as suitable
by the appropriate academic department
ofthe University, any non-literature lan
guage courses, or any freshman composi
tion courses.
Technology and Society-Every IT stu
dent should have an appreciation of the
role of technology in society in order to
make necessary value judgments as a pro
fessional and as a citizen. While this ap
preciation can be gained in many ways,
students are encouraged to take suitable
course offerings in IT and other Univer
sity units to accomplish this goal. A list of
suitable courses is available in 105 Lind
Hall and from IT faculty advisers.

Lower division curricula are similar in
many IT departments, because all degree
programs require a solid foundation in
chemistry, mathematics, and physics. For
the benefit offreshmen, transfer students,
and students changing majors, the com
mon elements of first-year programs in all
IT departments are listed below. IT un
classified students usually follow the pro
gram for the department most closely
related to their major interest.

Note that students majoring in chem
istry, chemical engineering, and metal
lurgy/materials science, unlike majors in
other IT departments, begin chemistry
courses their freshman year. Also, in ful
filling the mathematics requirements,
some students have the option of taking
Math 1211-1221-1231 (Calculus I-II-III)
or Math 1511H-1521H-1531H (Honors
Calculus I-II-III) or Math 1611-1621 (Ac
celerated Calculus I-II). An alternative
physics sequence is Phys 1311, 1321,
1331,1341 with labs 1275, 1285, and
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Aerospace Engineering and Mechanics

A recommended program for students ma
joring in aerospace engineering and me
chanics is presented below. The suggested
lower division courses provide the neces
sary background for the more advanced
upper division courses. The student has a
great amount of flexibility in arranging
the upper division program. The program
is accredited by the Engineering Accredi
tation Commission of the Accreditation
Board for Engineering and Technology.

Upper Division

Comp 3031 4
Liberal Education Electives 11
Required Technical Courses 50

AEM 340l-lntroduction: Dynamical
Systems (4)

AEM 5200, 5201, 5202-Fluid Mechanics I,
Il,III (12)

AEM 5206--Lifting Surfaces (4)
AEM 5300-Flight Mechanics (4)
AEM 53l9-Dynamic Stability of Aerospace

Craft (4)
AEM 5329-Design (4)
AEM 55l5-Aerospace Structures I (4)
AEM 5642, 5645, 5646--Laboratory I,ll (6)
ME 5342, 3305-Heat Transfer, Propulsion (8)

Comp lOll-Writing Practice I 5
Liberal Education Electives 16
Math l2ll-l22l-l23l-Calculus I-II-III 15
Math 32ll-322l-Multivariable Calculus,

Introduction to Linear Algebra
and Linear Differential Equations 10

Phys l271-l28l-l29l-General Physics 12
Phys l275-l285-l295-General Physics

Laboratory 3
Chern lO14-Concepts ofChemistry 4
ME 1025-Engineering Graphics 4
CSci 31Ol-lntroduction to FORTRAN

Programming. . . . . . . . . . . . . . . . . . . . . . . . . . . 4
EE 3003-Circuits 4
ME 330l-Thermodynamics 4
Phys 3501-Modern Physics... 4

or Biol1009-General Biology
or EBB 3l0l-Ecology
or Geo 560l-Limnology
or Phsl 3055-Principles ofPhysiology
or equivalent

AEM 1001, 1005-l006--Aerospace Engineering
Orientation and Survey 3

AEM 1015--Statics . . . . . . . . . . . . . . . . . . . . . . . . . 4
AEM 30l6--Deformable Body Mechanics 4
AEM 3036--Dynamics -.i

Total 100

Aerospace Engineering
and Mechanics
Aerospace engineering is a pioneering
field that encompasses many areas of sci
ence and engineering and plays a major
role in the technological advancement of
our society. The aerospace industry em
braces not only the design and develop
ment of conventional aircraft and
spacecraft but also such areas as the de
velopment of suitable vehicles for high
speed ground transportation, the design of
hydrofoil ships, and the design of deep div
ing vessels for oceanographic research.

A constantly changing professional
field, aerospace engineering is concerned
with a wide diversity of problems. For this
reason, the aerospace engineer must have
a broad fundamental education in mathe
matics, the physical sciences, and the en
gineering sciences. The four-year program
leading to the bachelor ofaerospace engi
neering and mechanics (B.A.E.M.) degree
is designed to provide this broad back
ground. The required technical courses of
fer a firm basic knowledge of engineering
science, aerodynamics, mechanics, and
dynamical systems. The elective portion
of the curriculum is extremely flexible
and allows the student to build on the fun
damental work and to concentrate his or
her study in an area of special interest.
There are many options available permit
ting students to prepare for careers in the
many branches of aeronautical engineer
ing and aerospace engineering, and in
diverse fields such as oceanography, mete
orology, environmental engineering,
transportation systems, or noise reduction
engineering.

The department offers an optional en
gineering intern program in the upper di
vision. This program allows students to
obtain practical work experience in indus
try in quarters (including summer) that
alternate with University academic work
during the last two years of study.
Prospective participants should contact
the director ofthe program for informa
tion.

Lower Division Credits
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Selected Technical Courses (four of the
nine listed) 16

AEM 5250 or 5516---Computational Fluid
Mechanics or Aerospace Structures II (4)

AEM 5321-Automatic Flight Control
Systems (4)

AEM 5435-Introduction: Random
Vibrations (4)

AEM 5438---Intermediate Dynamics (4)
AEM 5518---Composite Materials (4)
AEM 5580-Mechanics of Elastic Solids I (4)
AEM 5650-Aeroelasticity (4)
AEM 5687-Acoustics (4)
MatS 3400-Mechanical Properties: Materials

(4) It is strongly recommended that
MatS 3400 be taken either prior to or
concurrently with
AEM 5515 and AEM 5642.

Technical Option 12
Technical electives should be selected
from one ofseveral recommended optional
programs-see information in the
department office.

Electives 3

Total .... 96

Agricultural Engineering
Agricultural engineering involves the ap
plication of engineering principles to food
and fiber production and processing, rural
living, and management ofland and wa
ter resources. Agricultural engineers uti
lize their skills to increase production of
crops and livestock, to improve the quality
of agricultural products, to reduce the de
pendence of agriculture on human labor,
and to use soil, water, and energy re
sources wisely. These objectives are ac
complished by developing and applying
new and improved processes, machines,
structures, and systems that achieve eco
nomic goals and also give full consider
ation to human and environmental
factors.

Agricultural engineers serve not only
the agricultural and food industries but
also the general public through their role
in producing food efficiently and in pro
tecting our soil and water resources. They
provide an essential link between the sci
ence of agriculture, which is largely bio
logical, and engineering, which utilizes
physical science to solve everyday prob
lems. As world population outpaces world
food production, the work of agricultural
engineers becomes more and more impor
tant both at home and abroad.
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The agricultural engineering curricu
lum can be completed in four years. It re
quires a minimum of 190 credits.
Emphasis is on the engineering sciences
and on engineering design. A general
study of biology, agricultural science,
communications, social science, and the
humanities is included as well, since the
agricultural engineer must be able to
communicate and work with professionals
in a variety of fields. The program is de·
signed to provide students with a funda
mental background for continued
professional growth and prepare them to
contribute to the needs of an ever-chang
ing society.

Each student, with the assistance of an
adviser, plans a curriculum tailored to his
or her individual interests. The principal
fields of specialization within agricultural
engineering are: design of agricultural
power and machinery, soil management
and water control, building design and en
vironmental control, and food engineer·,
ing. Students select special courses from a
number of subject areas to give them a
broad background in topics related to
their specialization.

An engineering intern program,
providing practical training and experi··
ence with an employer, is available to a
limited number of students. Students may
begin their work assignments in industry
in the summer following either the first or
second year. Transfer students can be ac
commodated in this program also.

Lower Division Credits

Comp lOll-Writing Practice I. . . . . . . . . . . . . . .. 5
Math 12ll-1221·1231-Calculus I-II-Ill 15
Math 32ll·3221-Multivariable Calculus,

Introduction to Linear Algebra and Linear
Differential Equations 10

Phys 1271-1281-1291-General Physics 12
Phys 1275-1285-1295-General Physics

Laboratory. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3
Chern 1004-1005-General Principles 10
AgEn 1060-Agricultural Engineering

Orientation .
AgEn 1031-Computations in Agricultural
. Engineering.......................... 2

ME 1025-Engineering Graphics. . . . . . . . . . 4
AEM 1015-Statics . . . . . . . . . . . . . . . . . . . . . . . . .. 4
AEM 3016, 3036---Deformable Body Mechanics,

Dynamics 8



8

4

4
4

CE 3400-Fluid Mechanics. . . . . . . . .. 4
CSci 3101, CSci 3102 or AgET 3030-Computer

Programming. . . . . . . . . . . . . . . . . . . . . . . . . . .. 4
Liberal Education Electives. . . . . . . ~

Total '" 98

Upper Division

Comp 3031-Technical Wri ting for Engineers. . 4
EE 3003-3004-Circuits and Electronics. . . . . . .. 5
ME 3301-5342-Thermodynamics, Heat

Transfer , .. , .
AgEn 3052-Physio-Engineering in

Agriculture .
AgEn 3060---Analysis in Agricultural

Engineering .
AgEn 5081,5082, 5083 or 5084-Design ..
Agricultural Engineering Electives (five

courses from at least three ofgroups a-e) .... 20
a) AgEn 5060-Processing

AgEn 5130-Food Engineering
AgEn 5140-Thermal Processes for Food

b) AgEn 5330-Agricultural Machinery
AgEn 5340-Agricultural Tractors

c) AgEn 5440-Erosion Control, Watershed
Engineering

AgEn 5550-Drainage and Irrigation
Engineering

d) Agricultural Structures Design
AgEn 5730-Environmental Control for

Agricultural Production
AgEn 5910-Agricultural Waste Management

e) AgEn 5070-Automatic Control and
Instrumentation

AgEn 5072-Finite Element Methods:
Fundamentals and Applications

AgEn 5074-Microcomputer Interfacing
Engineering Electives . . . . . . . . . . . . . . . . . . . . . . .. 4
Agricultural and Biological Science Electives. 8
Liberal Education Electives 11
Electives as needed to meet graduation

requirements of 190 credits. . . . . . . . . . . .. 20

Total 92

Electives are usually chosen to develop
professional competence in a given area of
specialization, but they can be used for
broad professional preparation. Sample
programs and lists of suggested electives
are available at the department office or
from individual advisers.

Architecture
(School of Architecture and Landscape Architecture)

Our environment exerts physical, emo
tional, and psychological influences on us
and on our society. Unplanned and uncon·
trolled growth produces visual chaos, mis
use of natural and other resources, and
pollution; it has a detrimental effect on
our quality of life.

Architecture

Dramatic technological and scientific
changes and the accelerated growth of
population in urban areas have had a
direct impact on the tasks of the architec
tural and environmental design profes
sions. Many of the problems facing the
world today fall within the areas of the ar
chitect's or designer's concern: inadequacy
of housing, misuse ofland and water re
sources, obsolescence of transportation
systems, unplanned suburban sprawl, ur
ban decay, wasteful use ofenergy and ma
terials, etc. The urgency and critical
nature of these problems demand a
broader, more comprehensive approach to
the education of architects, landscape ar
chitects, and environmental designers
than in the past.

The spaces in which we live, move,
work, and play are largely the product of
our own devising. This process of devising
and shaping the physical environment is
the very essence of the art and science of
architecture. Its greatest challenge is both
the design of individual and isolated
projects and the blending of many varied
factors into a total cohesive and respon
sive physical environment, providing a
full and rich life for all members of the
community.

The design and planning process de
mands that the architect be trained in a
wide variety of technical skills and pos
sess a thorough understanding of social,
political, and economic issues. In its edu
cational philosophy the School of Archi
tecture and Landscape Architecture is
concerned with the design of the total en
vironment and with the education of the
total human being. The architecture pro
gram offers two four-year preprofessional
degrees, the bachelor of environmental
design and the bachelor of arts with a
major in architecture, and two profes
sional degrees, the five-year bachelor of
architecture and the four-year master of
architecture.
Bachelor of Environmental Design
(B.E.D.) Curriculum (four years in Insti
tute of Technology)-This program
normally requires one year ofpre-envi
ronmental design work followed by three
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Curricular Requirements

years in the School ofArchitecture and
Landscape Architecture. Students must
complete a minimum of 192 credits ofre
quired and elective work. This curriculum
prepares students for continuation toward
the B.Arch. degree, application for gradu
ate study in architecture leading to the
M.Arch. degree, or transfer into other dis
ciplines such as urban design, city and re
gional planning, product design, or
related fields.
Bachelor of Arts (B.A.) Curriculum
(four years in College of Liberal Arts)
This program normally requires two years
of pre-architecture work followed by two
years of work in the School ofArchitec
ture and Landscape Architecture. Stu
dents must complete 180 credits of
required and elective work. Upon comple
tion ofthe B.A. degree, students may (a)
transfer to the Institute of Technology and
after two additional years of study in the
School ofArchitecture and Landscape Ar
chitecture earn the B.Arch. degree, or (b)
apply for admission to graduate study in
architecture leading to the M.Arch.
degree.

This curriculum is intended for stu
dents who wish to combine the study of ar
chitecture with a liberal education. It
provides an advantageous approach to
professional training in the fields of archi
tecture' landscape architecture, urban de
sign, urban and regional planning, and
related disciplines. The B.A. program
with a major in architecture is also offered
through Continuing Education and Ex
tension.
Bachelor ofArchitecture (B.Arch.)
Curriculum (five years in Institute of
Technology)-This program normally re
quires one year ofpre-architecture work
followed by four years in the School ofAr
chitecture and Landscape Architecture.
Students must complete a minimum of
244 credits of required and elective work.
The curriculum is intended for students
who plan to enter the practice ofarchitec
ture in any of its recognized phases. Upon
completion, students may apply for admis
sion to graduate study in architecture
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leading to the M.Arch. degree. When sup
plemented by practical experience the
B.Arch. degree qualifies graduates for ad
mission to registration examinations re
quired by laws ofthe various states.

Students will not be permitted to regis
ter in Arch 5122 until they have com
pleted an approved graduation check
sheet. Prior to registering for Arch 51~:3,

students must present evidence that they
have completed a minimum of 800 hours
ofpractical experience in an architectural
or planning office and have completed all
required course work.
Master ofArchitecture (M.Arch.) Pro
gram-Programs in architectural design
and urban design leading to the M.Arch.
degree are open to students who meet the
entrance requirements ofboth the Gradu
ate School and the School ofArchitecture
and Landscape Architecture. See the
Graduate School Bulletin or the director of
graduate studies in architecture for de
tails.
Special Programs-The School ofAr
chitecture and Landscape Architecture
participates in the following special pro
grams:
Combined Degree Programs-In architec
ture, landscape architecture, and plan
ning.
ComputerApplication (in collaboration
with the University Computer Services)
Students carry out projects involving ap
plication ofcomputer programming and
computer graphics to architecture, land
scape architecture, and planning.
Community Advocacy Design-Students
work collaboratively in the field on a vari
ety ofdesign projects in rural and urban
communities.
Built Environment Communication Cen
ter- This program employs various forms
of audiovisual media for educational and
documentary use. It is anticipated the pro
gram will be the nucleus ofgraphic com
munication instruction and laboratory
experience.
Foreign Study Program- Qualified stu
dents carry out their studies in design,
history, and planning in various countries



abroad during the spring quarter of their
third year of architecture or landscape ar
chitecture.
Admission Procedure-All candidates
are encouraged to acquire and read the
program packet available in 110 Architec
ture (373-2198). To enter the architecture
program, students must submit an appli
cation on Form AR 110 by May 1 of the
year of desired admission. Admission to
the program is permitted only in the fall
quarter. Students should apply to the Uni
versity of Minnesota ifnot already a Uni
versity of Minnesota student. Forms may
be obtained from the Office of Admissions,
240 Williamson Hall, University of Min
nesota, 231 Pillsbury Drive S.E., Min
neapolis, MN 55455. To be considered for
admission to the architecture program, all
candidates must:
1. have completed a minimum of 45 quar
ter credits (31 by the time of application)
2. have fulfilled the following prerequi
sites with a minimum grade of C:
1 quarter Writing Practice I (Comp
1011 or equivalent) , 5 cr
2 quarters calculus (Math 1211-1221
or equivalent)' 10 cr
2 quarters physics (Phys 104115-1042/
6 or equivalent)' 10 cr
3 quarters environmental history
(Arch 1021-1022-1023)2 12 cr
1 quarter drawing or painting (ArtS
1101 or 1105 or Arch 1010 or 1041-
1042-1043) 4 cr
1-2 quarters Individual and Society
electives 4-8 cr

3. submit an official transcript of all col·
lege work taken at the University of Min
nesota and other colleges to date
4. submit solutions for the required de
sign problem set (issued after November
1) directly to the school office. All levels of
entering design students (ADI, ADII,
ADIII) must complete this problem set to
be considered for admission
5. ifdesired, submit a portfolio including
art or design work, drawings, paintings,
photographs of sculpture or ceramics, en

Architecture

vironmental reports, slides, or other ap
propriate work. The portfolio must be a
bound 8'I2-by-11-inch booklet. It must be
submitted directly to the school office by
May 1, along with a self-addressed,
postage paid return envelope. The portfo
lio allows the student to demonstrate de
sign abilities, graphic communication
skills, organizational skills, and commit
ment to or insights into design and archi
tecture.
Students are selected on the basis of over
all grade point average, college work com
pleted, design problem set, and art and
design skills. Criteria for art and design
skills are outlined in the progrtam packet.

All students must begin Arch 3081 (Ar
chitectural Design I) in the fall quarter
unless advanced standing in Architec
tural Design Studios is granted. Since the
School of Architecture and Landscape Ar
chitecture can admit a limited amount of
students, only those students who success
fully meet the admission criteria will be
allowed to register for Arch 3081. Addi·
tionally, promotion from one level of the
design sequence to the next is by design
faculty approval. Students who have in
terrupted their enrollment in the design
course sequence for two years or more will
be readmitted only if space is available
and must reapply to the school approxi
mately one month before the end of the
quarter preceding the one in which they
wish to enter.

Course Requirements-The pre-archi
tecture and pre-environmental design
program, which is completed by all stu
dents, is one year in length. It prepares
students for the required course work in
the School of Architecture and Landscape
Architecture.

'Students should note that the architecture curriculum
requires two quarters each ofcalculus and physics.
Since admission to the architecture program is limited,
students may wish to substitute math andphysics se
quences that are acceptable for admission to other IT
disciplines. Laboratory work is required for all physics
sequences.
2Students not enrolled on the Twin Cities campus must
take this sequence before graduation, but it is not re
quired for entry.
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4 Fourth-Year Design (AD IV)

5 Arch 5121-51222-Architectural Design 6 6
Arch 51232-Architectural Thesis 12

4 4 4 Arch 51262-Professional Practice 4
5 5 Arch 5137-51382-Planning 4 4

Electives (theory, law, preservation,
history, methods) 4 4 -5 5 14 14 16

1---

Curricular Requirements

In all degree programs, each required
course must be passed with a minimum
grade ofC. Courses in the pre-architec
ture and pre-environmental design pro
gram are considered part ofthe respective
curricula.

The school will consider substitutions
for any required courses in the curriculum
upon petition to the director of undergrad
uate studies. Permission for a substitution
must be requested before the quarter the
required course would normally be taken.

Pre-Architecture and
Pre- Environmental Design

Credits
f w s

ArtS 1101 or 1102; Arch 1010 or 1041
1042-1043-Drawing or Painting

Comp lOll-Writing Practice I
Arch 1021-1022.1023-History of

Environmental Development
Math 1211-1221-Calculus I-II
Phys 104115-1042/6-lntroductory

Physics or 127115-128115-
General Physics

Liberal Education Electives-1·2
quarters from Group C ..i 4 2

18 18 14

After substantial completion of the
above work with a superior grade point
average, students must apply for admis
sion to the School of Architecture and
Landscape Architecture on Form AR 110
before May 1 of the year of desired admis
sion. In addition to the courses specified
below, all graduates are required to com
plete an upper division Technical Writing
requirement.

Bachelor of Architecture l

First-year Design (AD I)

Arch 3061-3062'-Building Systems 4 4
Arch 3081-3082-30832-Architectural

Design 6 6 6
AEM 3092-3093-Statics and Mechanics

ofMaterials 4 4
Arch 1041, 1042, 1043-Architectural

Graphics 2 2 2
Liberal Education Electives from Group

C or Arch 3001-02-03 4 ~
16 16 18

Second-Year Design (AD 1I)

Arch 3064-30652-Environmental
Management and Control 4 4
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Arch 3091-3092-30932-Architectural
Design 6 6 6

CE 3600-3601-36022-Structural Design 4 4 4
ArtS 31402-Drawing and Painting

(for architects) 2
Liberal Education Electives or Pro-

fessional DevelopmentlTheory
courses in Architecture - 4 5

16 18 15

Third-Year Design (AD 1m (Must be enrolled in IT)

Arch 5051 through 5061-
Architectural History (any three) 4 4 4

Arch 5111-5112-51132-Architectural
Design 6 6 6

Arch 5115-51162-Structure and Form
in Architecture 4 4

Electives (theory, law, preservation,
methods, CLE) ...1 3 8

17 17 18

Bachelor of Environmental DesignI

First-Year Design

Arch 3001-3002-3003-Environmental
Design 4 4 4

Arch 3081-3082-30832-Architectural
Design 6 6 6

AEM 3092-3093-Statics and Mechanics
of Materials 4 4

ArtS 1107.1108-1109'-Drawing for
Architects or Arch 1041, 1042
1043-Architectural Graphics 2 2 2

Liberal Education Electives _ 5
16 16 17

Second-Year Design

Arch 3061-30622-Building Systems 4 4
Arch 3091-3092-3093'-Architectural

Design 6 6 6
CE 36oo-3601-36022-Structural

Design 4 4 4
ArtS 31402-Drawing and Painting

(for architects) 2 2 2
Electives (theory, Jaw, presentation,

methods) - - 4
16 16 16

lSee the yearly handout available in the architecture
department office for any changes in program require
ments.
'Offered only after admission to School ofArchitecture
and Landscape A rchitecture or to CEE bachelor 0/arts
program.



Third- Year Design

Arch 3064-30651-Environmental
Management and Control 4 4

Arch 5051 through 5061-Architectural
History (any three) 4 4 4

Arch 5111-5112-51131-Architectural
Design or 18 credits environmentally
related electives (see adviser) 6 6 6

Liberal Education Electives 4 4
18 14 14

Astronomy
(School ofPhysics and Astronomy)

An undergraduate program is offered
leading to the B.S. degree in astrophysics.
The English composition and foreign lan
guage requirements are identical to those
for the physics program. A double major
in astrophysics and physics can be com
pleted.

General Requirements
(Based on 180 credits)

Liberal Education 36
Of these 36 credits, at least three courses

(12-15 credits) must be in category 3 (The In
dividual and Society) and at least two courses
(8-10 credits) must be in category 4 (Literary
and Artistic Expression). The remaining courses
may be in any of the above categories. Consult the
general Institute ofTechnology requirements.

Mathematics
Math 1211-1221-1231 or 1511-1521-1531 or

1611-1621 . . . .. 15
Math 3211-3212-3213 or 3211-3221-3231 or

3511-3521-3531 14-15
Two additional 5xxx courses. . . . . . . . . 8

Astrophysics and Physics
Ast 3051-Astrophysics 4

Ast 5162 plus one additional Ast 5xxx course. . . .. 8
Phys 1311-1321-1331-1341 or 1271-1281-

1291-General Physics . . . . . 12
Phys 1275-1285-1295-General Physics

Laboratory 3
Phys 3011-3015---0scillations, Oscillations

and Waves Lab.... 5
Phys 3511-3512-3513-Modern Physics ..... 12
Phys 5021-5022-Introduction to Analytic

Mechanics 8
Phys 5023-5024-Introduction to Electric and

Magnetic Fields 8
Ast 5990-Directed Research 3

Free electives to total 180 credits 44-48
Subtotal 180

English and/or foreign language as required 0·17
Total Credits .... 180-197

Chemical Engineering

Electives-The curriculum above is a
minimum program. The courses below
provide a stronger program, particularly
for those who intend to pursue graduate
study.
Recommended Physics and Astrophysics
Courses

Ast 1021-1025, 1201-Introduction to Astronomy
and Lab, Topics in Modern Astrophysics

Phys 5201·5202 Thermal and Statistical Physics
Phys 5101·5102-Quantum Mechanics
Phys 3201-Thermodynamics
Phys 5801-Modern Optics
Phys 5121-5122-5123-Methods of Experimental

Physics

Suggested Technical Electives
Statistics, Computer Programming
Geology
Chemistry
Meteorology
Cloud Physics
Cosmic Ray and Space Physics
History of Physics
Electronics

Chemical Engineering
(Department ofChemical Engineering and Materials
Science)

The chemical engineer is primarily a pro
ducer whose special province is to develop
a process from its laboratory beginnings
through semiworks equipment to full
scale production. Chemical engineering is
based upon applications of chemistry,
physics, mathematics, economics, and in
creasingly, biology and biochemistry. The
chemical engineering curriculum includes
study of applied mathematics; material
and energy balances; properties and
physics of gases, liquids, and solids; fluid
mechanics; heat and mass transfer; ther
modynamics; chemical reaction kinetics
and reactor design; and the integrating
subjects of process design, control, and
economic optimization. Because of this
broad-based foundation that emphasizes
basic and engineering sciences, the chemi
cal engineer is considered the universal
engineer.

IOffered only after admission to School ofArchitecture
and Landscape Architecture or to CEE bachelor ofarts
program.
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Chemical engineers work on a wide va
riety ofprojects: basic and applied re
search, development work, design and
modification ofprocesses and equipment,
and plant operation. Some enter sales, en
gineering, product innovation, marketing,
management, consulting, teaching. Be
cause of the breadth and flexibility of the
chemical engineering curriculum, it is
chosen by some students who plan to pur
sue graduate study in medical sciences,
materials science, business administra
tion, or patent law.

Chemical engineering deals with unit
operations such as materials handling,
mixing, fluid flow and metering, heat ex
change, extrusion and coating, filtration,
drying, evaporation, distillation, absorp
tion, extraction, crystallization, ion ex
change, combustion, catalysis, and
processing in chemical and biochemical
reactors. These operations are vital to the
commercial success of industries based on
chemical or physical transformation of
matter. A chemist uses these operations
qualitatively in a laboratory, but to apply
them to a complex or large-scale indus
trial process requires a chemical engineer
who has a complete and quantitative un
derstanding of the engineering principles
as well as the scientific principles on
which the operations rest.

Because many industries are based on
some chemical or physical transformation
ofmatter, the chemical engineer is much
in demand. He or she may work in the
manufacture of inorganic products-
acids, alkalies, ammonia, fertilizers, paint
pigments, ceramics, semiconductors, and
other electronic materials; in the manu
facture oforganic products--polymer
fibers, films, coatings, textiles, cellulose,
paper, dyes, explosives, rubber, rocket
propellants, solvents, plastics, agricul
tural chemicals, pharmaceuticals, coal
based fuels, petrochemicals; in the
manufacture of graphite, calcium carbide,
abrasives, wet and dry batteries, fuel
cells, electroplating; in the metallurgical
industries; in the food processing indus
tries; and in the fermentation industry for
production of chemicals including antibi-
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otics and feed supplements. Many other
products such as hydrocarbon fuels, nu
clear materials, paper, glass, ceramics,
cement and certain composites concern
the chemical engineer. Chemical engi
neers are particularly well suited for deal
ing with problems associated with
disposal of industrial wastes and other
forms ofpollution that are ofa chemical
nature, as well as with environmental
protection.

Chemical engineering underlies most
of the energy field, including utilization of
coal, petroleum, natural gas, tar sand, oil
shale, geothermal deposits, solar radia
tion, and nuclear energy. The chemical
engineer entering the nuclear industry
may deal with materials for nuclear reac
tors and with design and operation ofre··
actors for research, isotope production,
heat and power production, and utiliza
tion as well as storage of radionuclides
and fission products.

The chemical engineer may also enter
the field ofbiotechnology, where applica
tions include utilization of the activities of
microorganisms and cultured cells, en
zyme engineering and other areas of
emerging biotechnology, manufacture of
foods, and design of prosthetic devices and
artificial human organs.
Degree Requirements-To receive the
bachelor ofchemical engineering degreE',
students must normally complete re
quired and elective course work totaling
200 credits. Students must satisfy the IT
minimum liberal education requirements
(a total of 36 credits including at least 3
in biological science) as part of a pre
chemical engineering program (96 to 10.5
credits) and complete a coherent degree
program of science and technical courses
(86 to 104 credits). Both predegree and de
gree curricula are outlined on the follow
ingpages.

The student, together with her or his
adviser, plans the degree program in two
stages: a one-year plan is submitted at the
start of the third year, and, ordinarily, a
complete four- year program is submitted
for certification by the department by the
beginning of the fourth year. By selecting



Credits
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5 5

0-4 4-8

appropriate technical electives and, in
certain cases, substituting courses with
approval of the adviser and department,
students can emphasize various special
interest areas in their upper division cur
riculum. Sample programs that illustrate
these possibilities are available from the
department office, 151 Amundson Hall.
Advisers and the department's director of
undergraduate studies can be contacted
through the same office. The program is
accredited by the Engineering Accredita
tion Commission of the Accreditation
Board for Engineering and Technology.
Cooperative Programs-Co-op pro
grams combining work with academic
study may be arranged by a student with
an appropriate employer when ajob offers
professional training in the field of study.
Such arrangements can receive depart
ment approval and cooperation. The de
partment does not find jobs for students,
but does encourage them to find employ
ment that can qualify for cooperative
status.
Transfer Students-Students intending
to transfer from another campus or school
should take courses available to them that
are equivalent to those required for this
curriculum. Students with questions
about a proposed transfer are encouraged
to write or visit the Department of Cherni
cal Engineering and Materials Science,
151 Amundson Hall, University of Minne
sota, 421 Washington Avenue S.E., Min
neapolis, MN 55455.
Lower Division

First Year f

Comp lOll-Writing Practice I 5
Math 1211-1221-1231-Calculus I-II·

m 5
Chem 1031-1032-Chemical Principles

I-II 5
Phys 1271, 1275, 1281, 1285-General

Physics, Laboratory
Liberal Education Electives (quarters

of registration may be rearranged
with Comp 1011) ...

Second Year

Chem 3331, 3332, 3335, 5126
Introductory Organic Chemistry I,
II with Laboratory (lI), Modern
Analytical Chemistry 5 5

Chem 5533-Quantum Chemistry
Phys 1291-Magnetism and Optics 4

4
4

Chemical Engineering

Phys 1295-General Physics
Laboratory

Math 3211, 322I-Multivariable
Calculus, Introduction to Linear
Algebra and Linear Differential
Equations 5 5

ChEn 500l-Computation 4
Electives l 4 4 4

Note that the lower division curriculum in
chemical engineering is nearly the same
as the lower division curriculum in chem
istry. It differs from those in other engi
neering fields because more chemistry
course work is required.

Also note that the required lower divi
sion biological science elective fulfills
both chemical engineering and liberal ed
ucation requirements.

Upper Division

Third Year

ChEn 5101,5102, 5103-Principles:
Stoichiometry and Balances, Fluid
Mechanics, Heat and Mass
Transfer 0-4 4 4

Comp 3015 or 3031 4
ChEn 5401-Chemical Engineering

Laboratory 2
Chem 5534-Chemical

Thermodynamics 4
ChEn 5201-Thermodynamics and

Materials States 4
ChEn 5202-Chemical Engineering

Thermodynamics and Kinetics 4
MatS 501I-Introduction to Science

of Materials 4
Chem 5535, 5538-Statistical

Mechanics and Reaction
Kinetics with Laboratory 5

Liberal Education Electives 0-4 3-5 4-8

Fourth Year

ChEn 5104-Unit Operations and
Separation Processes 4

ChEn 5501, 5502-Process Evaluation
and Design 4 4

ChEn 530 I-Chemical Reactor
Analysis 4

ChEn 5601-Process Control 4
ChEn 5402-Chemical Engineering

Laboratory' 2
Technical Electives" 3-4 3-4 6-8
Liberal Education Electives 3-4 3-4 6-8

1Electives includeone quarter ofan approved biological
sCience course. BIOI 1009 or EBB 3101 is recom
mended.

'Programs normally include at least one laboratory
course in addition to ChEn 5401 and 5402.

3A normal program oftechnical electives consists offive
5xxx courses in a coherent field; at least three of these
must be 5= courses.
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Chemistry
The chemistry curriculum includes
courses in chemistry, physics, mathemat
ics, English, and German that cover the
background necessary for a successful ca
reer in this field. After the required
courses have been completed there are no
restrictions on the remaining courses the
student chooses. Specific requirements
are:

1. A minimum of 180 credits for gradu
ation. All required courses including Ger
man but excluding freshman Writing
Practice must be taken A-N.

2. Freshman Writing Practice (or ex
emption) and advanced writing course (9
credits).

3. One year of German (15 credits) to
acquire ability to read the literature of the
field in German.

4. One year of calculus-based physics
05 credits).

5. Five quarters (25 credits) of mathe
matics.

6. 60 credits of chemistry.
7. Minimum liberal education require

ments (36 credits). 9 credits of English, if
taken, and 8 credits of German may be in
cluded in this total.

8. Electives (35-40 credits), chosen by
the student in consultation with his or her
adviser, but otherwise without restriction.
The department will consider substitu
tions for any item in the required curricu
lum upon petition to the director of
undergraduate studies. Permission for
any substitution must be requested before
the quarter a required course would nor
mally be taken.

Electives-The required chemistry,
mathematics, and physics courses are pre
sented in the recommended schedule be
low. The English and German courses are
included in the electives listing in the
schedule. In addition to advanced courses
in chemistry, students are encouraged to
do senior research projects: 3499-Senior
Thesis or 3970-Directed Study. Other ar
eas especially recommended for elective
work are; biochemistry, biology, chemical
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engineering, computer science, mathe-
matics, medicinal chemistry, physics, and
physiological chemistry.

Lower Division
Credits

First Year w
Chern 1031-1032', 1133-Chemical

Principles I-II, Elementary
Quantitative Analysis 5 5 5

Math 1211-1221-1231-Calculus
I-II-III 5 5 5

Electives (quarters of registration may
be rearranged with Comp 1011) 5 5 5

Second Year

Chern 3331, 3332, 3333-Introductory
Organic Chemistry I, II, III 5 3 3

Chern 3335, 3336---Introductory
Organic Chemistry Laboratory
II, III 2 2

Math 3211, 322I-Multivariable
Calculus, Introduction to Linear
Algebra and Linear Differential
Equations 5 5

Phys1271-1281-1291-General
Physics 4 4 4

Phys 1275-1285-1295-General
Physics Laboratory 1 1 1

Electives 0-3 0-3 4·8

Upper Division

Third Year

Chern 5534-Chemical
Thermodynamics 4

Chern 5535, 5538---Statistical
Mechanics and Reaction Kinetics,
Physical Chemistry Laboratory ... 4,1

Chern 5533, 5536---Quantum
Chemistry, Laboratory2 4,2

Chern 5731, 5732-Inorganic
Chemistry I, II2 3 3

Chern 5734, 5735-Inorganic
Chemistry Laboratory I, IP 2 2

Comp3015 4
Electives 9-13 9-13 4-8

Fourth Year

Chern 5133-Chemical
Instrumentation and Analysis 3

Chern 5134-Chemical
Instrumentation and Analysis
Laboratory 2

Electives 9-13 9-13 14-18

'Chem 1004-1005 may be substituted ifnecessary.
2A student who wishes to complete the required
chemistry courses in the first three years may take
Quantum Chemistry (5533 and 5536) in the third
quarter ofthe second year and Inorganic Chemistry
(5731,5732,5734, and 5735) in the first two quarters
ofthe third year.



Civil Engineering
(Department of Civil and Mineral Engineering)

Civil engineering deals with the science
and art of engineering, applied to solving
problems related to the human environ
ment and natural resource needs. Stu
dents interested in developing and
applying scientific and technological inno
vations, as well as in providing service to
others, will find a strong appeal in civil
engineering. This field requires high pro
fessional competence coupled with an un
derstanding of social goals and
government structures in order to meet
the challenge of adapting the environ
ment for the health and benefit of human
beings.

There are professional opportunities
for civil engineers in both private practice
and public service. Graduates may pursue
careers in design, construction, mainte
nance, management, or research and de
velopment. Many find employment in
federal, state, and municipal agencies.
Whether the setting is a complex urban
area or a developing population and in
dustrial center, civil engineers serve the
public as planners, designers, and super
visors of transportation systems, pollution
control facilities, water resources projects,
private and public utility enterprises, and
other civil works.

The bachelor ofcivil engineering
(E.C.E.) degree program requires a mini
mum of 196 credits. The first two years of
the curriculum are similar to the first two
years of the curricula in other IT engi
neering departments. Students may
transfer to civil engineering from another
IT engineering department, another Uni
versity campus or college, or another aca
demic institution. Students who transfer
to the program after completing the first
two years at another institution must
complete a course in statics (AEM 1015),
which is a prerequisite for many third
year CE courses, prior to entering the
University if they expect to complete the
program in two additional years. The last
two years ofthe civil engineering program
emphasize engineering science and engi
neering practice.

Civil Engineering

Principal fields within civil engineer
ing are:

Structural Engineering-The design
and analysis ofbuildings, bridges, indus
trial facilities, and other structures built
with concrete, steel, reinforced or pre
stressed concrete, wood, and other mate
rials.

Geotechnical Engineering-The analy
sis of the properties of soils and rocks and
applications to the design of foundations,
retaining walls, roads, slopes, dams, and
tunnels.

Water Resources Engineering- The ap
plication of fluid mechanics and hydrology
as well as other basic knowledge to the
design and operation ofwater resources
systems, including hydrologic analysis;
hydraulic design of channels, pipelines,
pumping stations, dams and reservoirs;
hydrothermal power development; envi
ronmental transport processes; sedimen
tation; coastal engineering and harbor
development; irrigation and drainage;
and wastewater disposal. The St. Anthony
Falls Hydraulic Laboratory, a part of the
Department of Civil and Mineral Engi
neering, is the site of water resources re
search.

Transportation Engineering-The eco
nomics, planning, design, construction,
maintenance, and administration oftran
sit systems, highways, railroads, airways,
pipelines, and transmission lines for the
conveyance of passengers, materials, or
energy.

Environmental Engineering-The sys
tematic control of air, water, and land pol
lution to protect the public health and
enhance environmental quality by provid
ing for safe water supplies, treatment and
disposal ofwastewater, and solid waste
management systems.

Surveying and Mapping-The art and
science of locating points and objects on,
above, and under the surface of the earth
for planning, design, and construction.
This field includes geodesy, pho
togrammetry, and land surveying.

General requirements and senior elec
tive program courses for the bachelor of
civil engineering degree are listed below,
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Curricular Requirements

followed by a sample curriculum illustrat
ing how these requirements can be com
bined. By selecting appropriate courses
for the senior elective program, students
can specialize in an area of interest. For
more information, contact the Director of
Undergraduate Studies, Department of
Civil and Mineral Engineering, 122 Civil
and Mineral Engineering, University of
Minnesota, 500 Pillsbury Drive S.E., Min
neapolis, MN 55455.

A limited number of civil engineering
students may enter an engineering intern
program after completing approximately
five quarters of study. Participants alter
nate study quarters with two six-month
work periods, for which they earn 4 cred
its each period. For more information,
contact the Director of the Civil Engineer
ing Intern Program, Department of Civil
and Mineral Engineering, 122 Civil and
Mineral Engineering, University ofMin
nesota, 500 Pillsbury Drive S.E., Univer
sity of Minnesota, Minneapolis, MN
55455.

The program is accredited by the Engi
neering Accreditation Commission of the
Accreditation Board for Engineering and
Technology.

General Requirements
Credits

Math 1211-1221-1231,3211, 3221-Calculus
I-II-III Multivariable Calculus, Introduction
to Linear Algebra and Linear Differential
Equations 25

Phys 1271-1275-1281-1285-1291-1295-General
Physics, General Physics Laboratory . . . . . .. 15

Chern 1004·1005 or 1031-1032-General
Principles .... . . . . . . . . . . . . . . . . . . . . .. 10

Geo 1001 or 1001H or 1111-Physical Geology 5
CE tOOl-Civil Engineering Orientation. . . . 1
CE 3020-Computer Applications in Civil

Engineering I or CSci 3101 or 3102-
FORTRAN or Pascal Programming 4

Stat 3091-Probability, Statistics 4
CE 3500-lntroduction to Environmental

Engineering Problems and Analysis 4
AEM 1015-Statics . . . . . . . . . . . . . . . . . . . . . . . . . . 4
AEM 3016-Deformable Body Mechanics.. ... . 4
CE 3100-Introduction to Surveying and

Mapping................................ 4
CE 320~-Introductionto Transportation

Englneermg ., . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
CE 3300-Soil Mechanics 4
CE 3301-Soil Mechanics Laboratory 1
CE 3400-Fluid Mechanics 4
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CE 5603-lntroduction to Construction
Materials 2

CE 5002-Engineering Economics 2
CE 5401-Water Resources Engineering 4
CE 5405-Hydrology and Hydrologic Design .. , 4
CE 5500-Analysis and Design of Water Supply

Systems or CE 5501-Analysis and Design
ofWastewater Systems 4

CE 5600-Linear Structures 4
CE 5611-Design of Reinforced Concrete

Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
CE 5610-Design ofMetal Structures 4
Technical Elective-one course chosen from

EE 3002-Electric Machinery and Power
Distribution, EE 3003-3004-Circuits and
Electronics, Circuits and Electronics
Laboratory, or ME 3301-
Thermodynamics 4 or 5

Liberal Education Electives' 36
Free Electives· '" §.2r 7

Total Credits 166

Senior Elective Program
(28 credits)

The senior elective program provides ad
ditional training in one or more areas.
Courses for the program are listed below.
Four areas of emphasis are available:
structures and geotechnical engineering,
water resources and environmental engi
neering, transportation, and surveying.
Courses in each area of emphasis are ci'i
vided into two categories: design oriented
(A) and engineering science oriented (B).
Four courses must be completed in cate
gory A; at least three of these must be in
one area of emphasis. Three courses must
be completed in category B. One of the fol
lowing courses may be substituted for a
category A course: CE 5097, 5098, or
5099, Advanced Design, Analysis, Re
search, or Tutorial in Civil Engineering.
One of the following courses may be used
as a category A course in any area ofem
phasis: CE 5001, Contracts and Specifica
tions; CE 5004, Structural and
Construction Considerations for Earth
Sheltered Buildings; or CE 5703, Con
struction Project Management. Students
who maintain a grade point average of

lOne course should be in economics.
2Technical electiues are recommended. Physical
education credits are not acceptable. Credits earned
through the engineering intern program will be
included in these electiues. Students who haue not
taken graphics in high school should complete ME
1025-Engineering Graphics.
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4

4

8

4
4

IStudents emphasizing environmental engineering
must complete CE 5500 and CE 5501.

EE 3002-Electric Machinery and Power
Distribution 4

EE 3003-Circuits and Electronics. . . . . . . .. 4
ME 3301-Thermodynamics 4
Geo 3101-Surficial Geologic Processes 5
Geo 5601-Limnology . . . . . . . . . . . . 4
Geo 5611-Groundwater Geology 4

3. Transportation
A. CE 5200-Geometric Design of Highways .. 4

CE 5201-Highway Traffic Characteristics. 4
CE 5202-Airport Design . . . . . . . . . . . 4
CE 5210-lntroduction to Transportation

Systems Analysis . . . . . . . . . . . . . . . . . . . . .. 4
CE 5212-Transportation Productivity and

Energy Conservation 4
CE 5304-Highway and Airport Pavements 4
CE 5701-Cemented Materials ..... 4
CE 5702-Manufacture and Quality Control

ofConstruction Materials 4

B. AEM 5200-Kinematics and Dynamics of
Fluid Flow. .. .. .. . .. . .. .. . .. .. . .. . .. ... 4

AEM 5201-Shock Waves and Compressible
Fluid Flow. . . . . . . . . . . . . . . . . . 4

CE 5021-Computer Applications in Civil
Engineering II . . . . . . . . . . . . . . . . . . . . . . . .. 4

CSci 5101-Structure and Programming of
Software Systems . . . . . . . . . . . . . . . . . . . 4

CSci 5104-System Simulation, Languages
and Techniques . . . . . . . . . . . . . . . . . . . . . . .. 4

CSci 5301-Numerical Analysis 4
EE 3002-Electric Machinery and Power

Distribution. . . . . . . . . . . . . . . . . . . . . . . . 4
Geog 5383-Transportation Geography .... 4
IEOR 5000-Introduction to Industrial

Engineering Analysis. . . . . . . . . . . . . . . . . .. 4
IEOR 5040-0perations Research .... . . . .. 4
IEOR 5710-Transit System Analysis and

Design 4
IEOR 5711-Transit System Analysis and

Design 4
Math 5242-5243--Linear Algebra with

Applications. . . . . . . . . . . . . . . . . . . . . . . . . . 8
Math 5512-5513--Differential Equations

with Applications. . . . . . . . . . . . . . . 8
ME 3301-Thermodynamics 4
Stat 5021-Statistical Analysis I 4
Stat 5022-Statistical Analysis II 4
Stat 5302-Applied Regression Analysis. . .. 4

4. Surveying
A. CE 3103-Field Surveying 3

CE 5lOO-Land Surveying 4
CE 5102-Site and Route Engineering. . . .. 4
CE 5103-Land Planning and Subdivision

Design 4

B. CE 5021-Computer Applications in Civil
Engineering II . . . . . . . . . . . . . . . . . . . . . . . . 4

CE 5lO1-Geodesy 4
CE 5104-Photogrammetry . " .. .. 4
CE 5105-Survey Adjustments 4
CSci 5301-Numerical Analysis 4
FR 5262-Remote Sensing of Natural

Resources . . . . . . . . . . . . . . . . .. 4

4

4

4
4

4
4
4
4
4

4

.. , 4

Credits
4
4
4

B. Bioi 3013-Microbiology .
CE 5021-Computer Applications in Civil

Engineering II . . . . . . . . . . . . . . . . 4
CE 5300-Theory of Geomechanics 4
CE 5425-Groundwater Mechanics . . 4
CE 5435-lntermediate Fluid Mechanics 4
CE 5506-Environmental Water Chemistry 4
CE 5507-Techniques of Water and

Wastewater Analysis , 4
Chern 3301, 3302-Elementary Organic

Chemistry .
Chern 5520, 5521-Elementary Physical

Chemistry 6
CSci 5301-Numerical Analysis 4

3.30 or higher are permitted to choose up
to 8 credits of8xxx courses as part of their
senior elective program.
1. Structures and Geotechnical Engineering

A. CE 5301-Applied Soil Mechanics ...
CE 5302-Applied Rock Mechanics .
CE 5601-Matrix Analysis of Structures .. ,
CE 5612-lntermediate Design ofMetal

Structures 4
CE 5613-lntermediate Reinforced Concrete

Design 4
CE 5615-Prestressed Concrete , 4
CE 5617-Design ofMasonry Structures .. , 4
CE 5701-Cemented Materials: Properties,

Evaluation, and Mixture Design
CE 5702-Manufacture and Quality Control

ofConstruction Materials .....

B. AEM 3036-Dynamics .....
AEM 5580-lntroduction to Solid

Mechanics .
AEM 5581-Mechanics of Elastic Solids
CE 5021-Computer Applications in Civil

Engineering II , 4
CE 5300-Critical State Soil Mechanics. . .. 4
CE 5425-Groundwater Mechanics 4
CE 5602-Topics in Structural Mechanics ., 4
EE 3002-Electric Machinery and Power

Distribution .
Geo 5002-Structural Geology
Geo 5251-Geomorphology .
Math 3231-Vector Analysis ..
Math 5512-Differential Equations
Math 5567-Fourier Series and Boundary

Value Problems 4
ME 3301-Thermodynamics 4

2. Water Resources and Environmental Engineering
A. CE 5402-Hydraulic Analysis With

Computer Applications .....
CE 5410-0pen Channel Hydraulics
CE 5420-lntroduction to Water Resources

Management , 4
CE 5500-Analysis and Design of Water

Supply Systems' . . . . . . . . . . . . . . 4
CE 5501-Analysis and Design of Wastewater

Systems' 4
CE 5505-Water Quality and Treatment .. , 4
CE 55lO-Solid Waste Management ..... 4
CE 5515-Water and Wastewater

Microbiology .
CE 5530-Modeling and Process Control of

Water and Wastewater Treatment.
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Sample Program

First Year
Fall Winter Spring
Math 1211 Math 1221 Math 1231
Comp 1011 Phys 1271, 1275 Phys 1281-1285
Chern 1004 Chern 1005 Geo 1001
CE 1001
Second Year
Fall Winter Spring
Math 3221 Math 3211 Stat 3091
Phys 1291, 1295 AEM3036 CE 3200
AEM 1015 CE3400 ME 1025
CE 3100 CE 3020 or CSci CE 5603

Liberal Ed.
Third Year
Fall Winter Spring
CE3500 CE 5610 CE 5500 or 5501
CE3300 CE 5401 CE5611
CE5600 Liberal Ed. CE5405
Liberal Ed. EE 3002 Liberal Ed.

CE3301
Fourth Year
Fall Winter Spring
CE(A) CE(A) CE(A)
CE(A) CE(B) CE(B)
CE(B) Comp3031 CE5002
Liberal Ed. Liberal Ed. Elective

Liberal Ed.

Master's Degree Programs
Because ofthe rapid development in tech
nology, many students prepare them
selves for advanced professional work by
completing graduate study. Students who
have a maximum of9 credits to complete
for their baccalaureate degree, and who
have a satisfactory academic record, may
be admitted to study for a master's degree
program; and 9 credits earned during the
last term of undergraduate study may be
applied to the master's program. Two
master's degree programs, the M.S. and
M.C.E. are available. Each requires about
one year to complete. Information about
these programs will be provided by the di
rector of graduate studies of the depart
ment.

Computer Science
Computer science is concerned with the
study of the hardware and software (pro
gramming) aspects ofhigh speed comput
ing devices and with the application of
these devices to the solution ofa broad
spectrum of technological and business
problems A bachelor's degree in computer
science can be earned in either the College
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of Liberal Arts or the Institute of Technol
ogy. Details of the former program can be
found in the CLA Bulletin. Both programs
are designed to give a student a broad
foundation in the basic subjects of com
puter science. By means ofan upper divi
sion option and a choice of alternatives illl
the required courses, the curriculum al
lows a student to develop a concentration
within computer science or in interdisci
plinary areas involving the applications of
computers. This should prepare a student
for a variety of industrial and government
positions involving use of the computer or
for graduate work in the field.

The four-year IT curriculum leads to
the degree ofbachelor of computer science
(B.Comp.Sci.l. In addition to the required
courses, a student must satisfy the liberal
education requirements for the Institute
ofTechnology and complete approved
electives. A minimum of 188 or 189 cred
its are required for graduation. All IT
courses in the required program as weIll as
the 32 credits that constitute the upper di
vision option must be taken on A-N grad
ing and passed with a C or better, unless
particular courses are offered only on SoN.
Transfer Students-After the sopho
more year, students who have completed
elementary physics and a higher level
programming language may enter the
program as juniors, assuming that their
liberal education course work is roughly
equivalent to that required by the Insti
tute of Technology. Most transfer students
have not studied the material covered im
CSci 3104, 3105, 3106, and 3107; however,
a program can be worked out in which
these courses are taken during the sum
mer and the junior year. All transfer stu
dents should visit the department office
for information.

Lower Division
Credits

Comp lOll-Writing Practice I 5
Math 12ll-1221-1231-Calculus I-II-III

or Math 13ll-1321-1331-Computer
Calculus I-II-II " 15

Math 3142, 3211
or Math 3511, 3211 (for students with

better than average mathematical
ability)

or Math 3511, 3521 (for students with
high mathematical ability) 9 or 10



Stat 3091-Probability, Statistics
or Stat 5121-Theory of Statistics' 4

Phys 1271-1281-1291-General Physics 12
Phys 1275-1285-1295-General Physics

Laboratory 3
CSci 3001-Perspectives on Computers and

Society ... , .. '" ... , . ... . .. . 4
CSci 3104-Introduction to Programming

and Problem Solving, Pascal Laboratory .. 5
CSci 3105, 3106-Fundamentals of Algorithms

and Languages I, II 8
CSci 3107-Introduction to the Structures and

Programming of Computer Systems 4
CSci 3400-Discrete Structure ofComputer

Science 4
Liberal Education Electives ~

Total Credit Minimum 96 or 97

Upper Division

Comp 3031-Technical Writing for Engineers 4
Liberal Education Electives 8
Electives 24
Required Technical Courses:

CSci 5102-Structure and Programming of
Software Systems II 4

CSci 5lO6-Higher Level Languages 4
CSci 5121-Data Structures. . . . . . . . . . . . . . 4
CSci 5201-Introduction to Computer

Architecture 4
CSci 5301-Numerical Analysis 4
CSci 5400-Introduction to Automata

Theory 4
Upper Division Option

Elective courses that form a coherent program in
computer science or application areas; for exam
ple, computer design, electrical engineering,
health sciences, management information sys
tems, mathematics of computation, software de
sign, theory of computation, data base systems.
These courses may be selected from additional
5xxx CSci courses and adviser-approved courses
from other departments. Normally at least 16
credits must be from computer science. See option
program information available in department
office ~

Total Credit Minimum 92

Electrical Engineering
The electrical engineering program seeks
to prepare its graduates to deal with be
ginning engineering assignments and to
provide a foundation for continued profes
sional development.

The electrical engineering curriculum
offers students an opportunity to concen
trate in any of a number of specialized
areas, including control and communica
tions systems, bioengineering, computer
engineering, digital circuits and systems,
energy conversion and power systems, mi
croelectronic devices and circuit design,
and physical electronics. The guidelines
for selection ofelective courses provide

Electrical Engineering

latitude to tailor the program to a wide
variety of particular interests within the
field of electrical engineering.

An honors program and an engineering
intern program are available to qualified
upper division students. The honors pro
gram offers an opportunity for greater
elective freedom and an individual honors
project completed under faculty guidance.
The engineering intern program offers in
dustrial work experience and some finan
cial support through alternate quarters of
on-campus study and off-campus indus
trial assignment during part of the two
year period.

The degree of bachelor of electrical en
gineering (BEE), granted after completion
of the four-year curriculum, requires com
pletion of a minimum of 192 quarter cred
its. Further information about the B.E.E.
program can be obtained by requesting a
copy of the EE Curriculum Guide from the
Department of Electrical Engineering,
139 Electrical Engineering, University of
Minnesota, 123 Church Street S.E., Min
neapolis, MN 55455.

The program is accredited by the Engi
neering Accreditation Commission of the
Accreditation Board for Engineering and
Technology.

Lower Division
Comp lOll-Writing Practice I 5
Math 1211-1221-1231,3211,3212,3213-

Calculus I-II-III, Multivariable Calculus,
Vector and Linear Analysis I, II , 29

Phys 1271-1281-1291-General Physics.. 12
Phys 1275-1285-1295-General Physics

Laboratory 3
Phys 3501-Modern Physics. . . . . . . . . . . . . . . . .. 4
Chem 1014-General Principles of Chemistry .. 4
CSci 3104-Introduction to Programming and

Problem Solving 5
CSci 3105-Fundamentals ofAlgorithms and

Languages I 4
EE lOOO-Introduction to Electrical

Engineering ... . . . . . . . . . . . . . . . . . . . . . . . . .. 1
EE 1400-Circuits Laboratory 1
EE 3009-3010-Linear Circuits I-II. . . . . . . . . . 8
EE 3351, 3352-Introduction to Logic Design,

Introduction to Microprocessors. . . . . . . . . . .. 8
Liberal Education Electives. . . . . . . . . . . . . . . . . .. 8
Technical Elective <AEM 3036 or Stat 3091 or

ME 3301) . ..~
Total Credits .... , 96

1Students intending to complete additional work in
statistics must take Stat 5121 rather than Stat 3091.
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Curricular Requirements

Credits
Lower Division

44

4

4-5

4

4

5

0-5
0-4 0-4 4-8---_._-

14-18 13-18 9-18

Second Year
Phys 1271, 1281, 1291-General

Physics
Phys 1275, 1285, 1295-General

Physics Laboratory
Math 3221-Introduction to Linear

Algebra
Approved Math Elective
AEM 1015-3016-Statics and

Deformable Body Mechanics
Approved Technical Electives, e.g.,

ME 1025-Engineering
Graphics

Liberal Education Electives

Mechanical Engineering. A strong em
phasis is placed on computer application
and analysis and control of metallurgical
processes.

The Mineral Resources Research Cen
ter (MRRC), an integral part of the De
partment of Civil and Mineral
Engineering, has extensive pilot plant
and laboratory facilities that provide a
unique opportunity for practical studies.
MRRC staffmembers teach most ofthe
courses in mineral processing, extractive
metallurgy, and process metallurgy.

Suggested lower division and upper di
vision curricula are outlined below. Stu
dents, together with an adviser, plan their
degree program in two stages: a one-year
plan is submitted at the beginning of the
third year, and, ordinarily a complete
four-year plan is submitted for certifica
tion by the department no later than the
beginning of the fourth year. The final
program must be approved by the Under
graduate Studies Committee for gradua
tion.

First Year f w s
Math 1211-1221, 1231-Calculus

I, II, III 5 5 5
Chern 1031, 1032-Chemical

Principles I, II or equivalent 5 5
Chemistry or Aproved Technology

Elective 4-9
Comp lOll-Writing Practice I 5
Liberal Education Electives

(quarters of registration may be
rearranged with Comp 1011) ...Q:.L --±§.. _~

15-19 14-18 13-22

Upper Division

EE 3011, 3012-Signal Analysis, System
Design 8

EE 3060-Semiconductor Devices 4
EE 3061; 3062-Analog Electronics, Digital

Electronics 8
EE 3110-3111-Electric and Magnetic Fields,

Electromagnetic Waves. . . . . . . . . . . . . . . . . .. 8
EE 3400·3401·3402---Junior EE Laboratory , 6
Technical Electives 8
Comp 3031-Technical Writing for Engineers. .. 4
Senior Technical Program 28
Electives (including required liberal education

courses) ~

Total Credits 96

Extractive Metallurgical
Engineerinl!
(Department ofCivUand Mineral Engineering, Min
eral Resources Research Center)

This program is specifically designed for
students who seek positions in technical
management or research in the mineral
processing-extractive metallurgy and
metals processing industries. Graduates
are prepared for employment across the
broad area ofmetallurgical engineering:
separation ofone mineral from another
(e.g., minerals beneficiation and hy
drometallurgy); extraction of metals from
minerals (e.g., steel industry, copper
smelting, precious metal refining); pro
duction ofultrapure metals (e.g., for
aerospace applications); and process and
quality control in metal producing/pro
cessing industries (e.g., foundries, steel
mills, copper mills).

The program, which emphasizes the
engineering science of metallurgical pro
cessing, takes into account recently ex
pressed needs of the process metallurgy
industry. Professional courses begin es
sentially in the junior year and comprise a
balance ofboth physical and chemical
principles applied to a variety offounda
tion areas. These include required courses
in engineering design, mineral process
ing, pyrometallurgy, and hydrometal
lurgy as well as technical electives in
corrosion, material selection, failure anal
ysis, casting, and fabricating technology.
These electives are offered through the
Department of Chemical Engineering and
Materials Science and the Department of
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Upper Division

Third Year
Met E 5100, 5101, 5102-Chemical

Metallurgy I, II, III 4 4 4
Met E 5900-Metallurgical Heat

Transfer and Fluid Flow 4
Met E 5800-Mineral Processing I 4
Met E 5901-Principles of Metals

Extraction 4
CE 3020-Computer Applications

I 4
CE 5021-Computer Applications

II 4
Liberal Education Electives 0-4
Technical Electives

Three courses in materials
science relating structure and
property (from MatS 3400,
5011,5012,5013) 4 4 4
One Course in Metallography,
e.g., MatS 5200 ... ... 4------

16 16 16-20

Fourth Year
Comp 3031-Technical Writing

for Engineers
Met E 5201-0re Microscopy
Met E 5500, 5501-Metallurgical

Engineering Design I, II
Met E 5502-Metallurgical

Engineering Field Study
Met E 5801-Mineral Processing

II
Met E 5902-Pyrometallurgical

Processes
Met E 5903-Hydrometallurgical

Processes
Technical Electives

Course in Materials Design,
e.g., MatS 5411
Course in Corrosion (MatS
5450)
Two courses in Metals Casting
and Fabrication (from ME
5260,5262,5264)

Geo-Engineering
(Department of Civil and Mineral Engineering)

Geo-engineering is concerned with the ap
plication of engineering and geological
principles to the problems of analysis and
design in those engineering activities di
rectly related to the earth and its material
structure, forces, and economic products.

Geo-engineers carryon their profes
sional work in many branches of industry
and government, including:

Geo-Engineering

• The construction industry, involving
problems of the behavior of rocks and
soils. Concerns may include dam site
studies and selection, foundations, slope
stability and design, erosion control,
drainage, irrigation, highway subgrades,
and tunneling and underground excava
tion.

• The mineral industries, including
metal and coal mining, petroleum, and in
dustrial raw materials. Activities may in
clude analysis and design in the
exploration and development of minerals,
mineral valuations, and application of
geochemical, geophysical, and geological
principles and techniques. The geo-engi
neer may also advise and assist mining
engineers on problems of ore reserves,
quality control, the effects of geologic fac
tors on rock behavior, and other areas.

• Government bureaus and other agen
cies, involving environmental studies,
geothermal energy, water resources, un
derground transit systems, and similar
concerns.
Depending on his or her interests, the geo
engineer may work for mining or
petroleum companies, consulting engi
neering groups, construction companies,
research organizations, or government
agencies. A high degree of specialization
within the broader professional field usu
ally requires some postgraduate study.

The undergraduate curriculum pro
vides training in engineering geology and
related topics such as geomechanics, and
has sufficient flexibility to allow the stu
dent to obtain a limited degree of special
ization in one of the fields with which
geo-engineers are concerned. It also offers
a good foundation for graduate study. The
four-year program leads to the degree of
bachelor of geo-engineering (B.Geo.E.). A
minimum of 196 credits are required for
graduation.

The following program includes the re
quired courses and a recommended sched
ule. It can be modified, in consultation
with the faculty adviser, to meet individ
ual student interests. The program also
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Curricular Requirements

includes optional field trips. The final pro- Optional Technical Electives; Geology Summer Field
gram must be approved by the adviser for Trip (4 weeks or more for 8 cr)

graduation. Fourth Year
The program is accredited by the Engi- Geo 5511-Principles of Gravity

neering Accreditation Commission of the and Magnetic Exploration 3
Geo 5512-Principles of SeismicAccreditation Board for Engineering and Exploration 3Technology. Geo 55l3-Principles of Electrical

Exploration ~,Lower Division
GeoE 5260-Drilling and Blasting

Credits Technology 2First Year f w CE 540l-Water ResourcesMath l2ll-122l-l23l-Calculus
Engineering 4I-II-III 5 5 5 CE 5425-GroundwaterChern lO04-1005-General
Mechanics 4Principles of Chemistry 5 5

CE 5405-Hydrology andComp lOll-Writing Practice I 5
Hydrologic Design 4,Comp 303l-Technical Writing

GeoE 5262-Geo-Engineeringfor Engineers 4
Analysis 4Phys 1271-General Physics 4

Phys l275-General Physics CE 330l--8oil Mechanics
Laboratory 1 Laboratory 1

Liberal Education Electives 4 8 Technical Electives selected from: 4 4 4-

Second Year Geo 5351-Metal Sulphide
Deposits (4)

Math 3221-Introduction to GeoE 5300-Theory of
Linear Algebra and Linear Geomechanics (4)
Differential Equations 5 CE 5302--8oil Plasticity and

Phys l281-l291-General Physics 4 4 Limit Analysis (4)
Phys l285-1295-General Physics CE 5600-Linear Structural

Laboratory 1 Systems (4)
AEM lO15--8tatics 4 Met E 5800-Mineral Pro-
AEM 3016--Deformable Body cessing I (4)

Mechanics 4 Geo 5352-Ferrous Metal and
Stat 3091 or ME 3900--8tatistics 4 Nonmetallic Deposits (4)Geo 1111 or 1001-Introduction to Geo 56ll-GroundwaterPhysical Geology 5 Geology (4)CE 3400-Fluid Mechanics 4 Geo 3l02-Petrology (5)ME lO25-Engineering Graphics 4 Liberal Education Electives 4 4.Liberal Education Electives 4 8

Upper Division Geology and Geophysics
Third Year

The Department of Geology and Geo-CE 3300-Elements of Soil
Mechanics 4 physics offers two undergraduate pro-

CE 5300-Critical State Soil grams, one in geology and one in
Mechanics 4 geophysics. A minimum of 189 credits areCE 5301-Foundation

required for completion of the B.S.Geol. orEngineering 4
CE 3020-Computer Applications B.S.Geophys. degree program.

in Civil Engineering I 4 Geology is the study of the composi-
CE 3lO0--8urveying 4 tion, structure, and history of the earthGeoE 5700-Systems Analysis for

and the processes that operate on andGeological Engineers 4
GeoE 5437-Computer within it, with emphasis on the crust.

Applications in Geological Physical, chemical, and biological princi-Engineering 4
pIes are involved.Geo 340l-Introductory

Mineralogy 5 Geophysics is the study of the physica.l
Geo 5l03--8tructural and Field structure and properties ofthe earth. The

Geology 5 curriculum includes seismology applied toGeoE 5302-Applied Rock
earthquakes and to petroleum explo-Mechanics 4

Technical Electives 4 ration; gravity applied to internal struc-
Liberal Education Electives 4 ture and to mineral exploration; and
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magnetic, thermal, and electrical proper
ties applied to topics ranging from conti
nental drift to mineral exploration.

Geologists and geophysicists are em
ployed in a wide range of fields, including
exploration for and development ofnatu
ral resources such as petroleum, minerals,
and groundwater; urban planning; conser
vation; oceanography; and various
branches of civil engineering. Potential
employers include private industry, re
search institutions, universities, and gov
ernment agencies. An advanced degree is
generally necessary for research and de
velopment work or teaching.

Both the geology and geophysics pro
grams are built around a core of eight ba
sic earth science courses taken mostly
during the second and third years. The
curriculum is designed to provide a strong
foundation in physics, mathematics, and
chemistry. The geophysics program em
phasizes the first two. Some students se
lect a geology or geophysics major simply
to obtain this broad science base.

Selection of a degree program should
be made during the second year, although
a later decision is possible. Both degree
programs offer a good foundation for stu
dents preparing for graduate work or for
those planning to enter professional work
with a baccalaureate degree.

General Requirements
Credits

Liberal education requirements. . 36
Specific courses required of all students. These

should be taken on A-N grading.
Freshman Year:

Spring: Geo lll1-Introductory Physical
Geology (5 cr)

Sophomore Year:
Fall: Geo 3112-Earth History (5 cr)
Winter: Geo 3401-Introductory Mineralogy

(5 cr)
Spring: Geo 3102-Petrology (5 cr)

Junior Year:
Fall: Geo 5651-Sedimentology (5 cr)
Winter: Geo 5501-Geophysical Methods

in Geology (4 cr)l
Spring: Geo 5201-Structural Geology (5 cr)

Summer After Junior Year:
Geo 5111-Field Camp (9 cr)
Geology Majors " 43
Geophysics Majors 39

Geology and Geophysics

Math 1211, 1221, 1231, 3211 (should be taken
as early as possible, preferably beginning
in the freshman year; Math 1221 is
prerequisite for Geo 3401) . 20

Phys 1271, 1275, 1281, 1285, 1291, 1295 (should
be taken early if possible; this sequence is
a prerequisite for Geo 5501) 15

Chem 1004, 1005 (should be taken early,
preferably in the freshman year; Chern
1004 is a prerequisite for Geo 3401) 10

Free Electives
Geology Majors 24
Geophysics Majors ~

Subtotal, Geology Majors 148
Subtotal, Geophysics Majors 142

Additional Requirements for IT Geology Majors

These courses should be taken on A-N
grading, unless available only on S-N.
Specific courses should be chosen in con
sultation with the adviser.
Additional cognate sciences to total at least

24 credits, including:
Math 3221 (recommended for most students)

or Stat 3091 4 or 5
Chern 1006, 5520, and Chem 5313 or Geo 5452

(or) Chern 3301, 3302
(or) BioC 1301, 1302 8 or 12

Additional science credits chosen from:
Physics (3xxx or above; 3501 recommended)
Mathematics (3xxx or above; 3231

recommended)
Chemistry (3xxx or above)
Biology (Bioi 1009 is a prerequisite for

other biology courses; no more than one
additionallxxx course from the College
of Biological Sciences can be applied)

AEM3016
CE3400
GeoE 5216
Computer Science (no more than 4 lxxx cr

can be applied)
Other science courses, as suitable, with

department consent , . 9-11
Minimum Requirements 24

Additional geology or geophysics electives,
5xxx or above. Geo 3990 may be used, but
8098 may not :..-.!Z

Subtotal 41
Total Credits Required for Geology Major 189

lNot required for geophysics majors.
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Credits
9
5

Curricular Requirements

Additional Requirements {or IT
Geophysics Majors

Phys 3501, 3515, 3011 .
Math 3221 .
Geophysics chosen from Geo 5500 series

courses 9-12
Geology or geophysics i5xxx ~~';b~~~; :::..... 5
Geology, mathematics, physics, electrical

engineering, chemistry, or computer
science courses chosen in consultation
with the adviser,from the following 16-19

Geo 3990, 5202, 5253, 5313, 5351,
5611,5653

Math 3231, 3142, 5512, 5457-5458-
5459,5567,5568

Stat 3091
Phys 5021-5022, 5023-5024
Chern 5520-5521
CSci 3101

Subtotal 47
Total Credits Required for Geophysics

Major 189

Other courses from these departments
may be chosen with the adviser's consent.

Industrial Engineering/
Operations Research
(Department of Mechanical Engineering)

Professional training in industrial engi
neering is offered through an industrial
engineering option available in the me
chanical engineering program. Industrial
~ngineeringis concerned with the design,
Improvement, and installation ofinte
grated systems oflabor, materials, and
equipment. It draws upon specialized
knowledge and skills in the mathemati
cal, physical, and social sciences--to
gether with the principles and methods of
engineering analysis and design-to
specify, predict, and evaluate the results
produced by such industrial systems. The
industrial engineer studies product de
signs to adapt them for production, deter
mines an optimal system for necessary
operations, selects the most economical
production equipment and tooling, and de
velops effective work methods and mea
surements.

42

Lower Division
See mechanical engineering lower division require
ments

Upper Division
Industrial Engineering Courses 20
IEOR 5000-Introduction to Industrial

Engineering Analysis
lEOR 50lO-Introduction to Work Analysis
IEOR 5020-Engineering Cost Accounting,

Analysis and Control
IEOR 5030-Quality Control and Reliability
IEOR 5040-Introduction to Operations Research

Mechanical Engineering Courses 30
ME 3201-Mechanical Engineering Systems

Analysis
ME 3203-Analysis ofMechanism Systems

(or) ME 3205--Engineering Systems Design
ME 3301-Thermodynamics
ME 3303-Applied Thermodynamics

(or) ME 5342-Heat Transfer
ME 3701-Basic Measurements Laboratory I
ME 3702-Basic Measurements Laboratory II
ME 526Q-Engineering Materials and Processing
ME 5254-Design Morphology With Applications
ME 5703-Advanced Mechanical Engineering

Laboratory

Liberal Education Electives 18

Coherent Elective Program 24

Graduate Study-Graduate programs in
operations research and industrial engi
neering, leading to the M.s. and Ph.D. de
grees, are available to students who meet
the entrance requirements ofthe Gradu
ate School. See the Graduate School Bul
letin for specifics.

Landscape Architecture
(School ofArchitecture and Landscape Architecture)

Landscape architecture is concerned with
the impact, disposition, and management
ofnatural resources as well as the quality
ofexperience that results from the devel
opment ofland for specific human use,

The landscape architect is concerned
with a wide range ofprojects: large-scale
regional landscape planning; design of ex
terior environments for working livin~r

and recreation; commercial, institutior:~l,
and industrial development; transporta
tion systems; and multiple-use areas. This
range may vary in scale from single fam-



ily residences to regional open space sys
tems. Professional services include land
use feasibility studies, site selection stud
ies, site layout proposals, detail grading,
construction drawings, and planting
plans.

Regional resource planning and de
sign, recreation planning and design, ur
ban landscape design, and detail site
planning projects entail interdisciplinary
involvement between landscape archi
tects, architects, planners, engineers, ge
ographers, physical scientists, social
scientists, and others. The relationship
between regional or single site qualities of
terrain, soil, climate, vegetation, orienta
tion, visual quality, and the program for
development are studied carefully to as
sure sound recommendations.

B.L.A. Program-The five-year bachelor
oflandscape architecture (B.L.A.) pro
gram emphasizes the design process and
skill development in its application. The
B.L.A. program, offered jointly by the Col
lege of Agriculture and the Institute of
Technology, is designed to provide the ba
sic professional training for the practice of
landscape architecture and to allow for ex
ploration ofone or more areas ofprofes
sional interest. It leads to the professional
bachelor of landscape architecture degree.

A total of230 credits are required for
graduation. All required core courses with
an LA prefix plus Hort 1021 and 1022
must be passed with a minimum grade of
C. Ofthe 230-credit total, 132 credits are
completed in the upper division. The up
per division work includes a sequential
design-course program that takes a mini
mum of three years to complete.

It is recommended that all students
complete a minimum of800 hours of work
experience outside of classwork. At least
400 ofthese hours should be spent in land
scape construction or in a landscape nurs
ery and 400 hours in an office of a
professional landscape architect.

Landscape Architecture

B.E.D. Program-The nonprofessional
bachelor of environmental design (B.E.D.)
program is offered only through the Insti
tute of Technology. It is designed to allow
the student to explore a broad range of en
vironmental courses as well as complete
two years ofprofessional courses in land
scape architecture. Upon completion of
the B.E.D. degree requirements, a student
may continue on for the professional
B.L.A. degree, enter a professional mas
ter's degree program, or transfer to an
other discipline such as city design, city
and regional planning, or an area of the
social or natural sciences.

A total of 192 credits are required for
the B.E.D. degree. All required courses
with an LA prefix plus Hort 1021 must be
passed with a minimum grade ofC. It is
recommended that all students also com
plete 400 hours of summer work in land
scape architecture. Individualized study
programs may be arranged with approval
of the faculty.

Admission Procedure--To enter the
landscape architecture program students
must submit an application by May 1 of
the year of desired entry. Admission to the
program is permitted only in the fall quar
ter unless advanced standing is granted.
The procedure and requirements are as
follows:

1. Apply to the University of Minne
sota ifnot already a University ofMinne
sota student. Forms may be obtained
from the Office ofAdmissions, 240
Williamson Hall, University ofMinne
sota, 231 Pillsbury Drive S.E., Min
neapolis, MN 55455; or the Office of
Admissions, 130 Coffey Hall, University
ofMinnesota, 1420 Eckles Avenue, St.
Paul, MN 55108.

2. Before an application will be consid
ered, a student must have completed a
minimum of75 credits of required pre-LA
courses; courses taken the quarter of cur
rent enrollment may be included. This to
tal must include at least 8 credits in basic
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deadline. Specific times for interviews
should be arranged with the individual
instructors. The interview or correspon
dence is used to judge the student's
commitment to finish the landscape archi
tecture design program and to determine
the student's enthusiasm for landscape ar
chitecture and sensitivity to people and
the environment. It allows the student to
demonstrate his or her design, communi
cation, and organizational skills. From
the interview the faculty members will
judge the student's insight into landscape
architecture, maturity, dedication and
sincerity, self-confidence, demonstrated
design abilities, and potential.

Applicants are encouraged to visit the
design studios and talk to students who
are in the program and to find out as
much about the profession as they can.

The landscape architecture faculty
votes on each applicant. The applicant
may be admitted to the program, rejected,
or assigned pre-landscape architecture
status. Approval for admission is based on
consideration of the following: (1) the stu
dent's academic standing and grade point
average; (2) the student's maturity and
experience; (3) the student's letter of in
tent; (4) the estimated design potential of
the student; and (5) the availability of
staff and space.

Applicants will be notified by letter of
the admission decision not later than
June 1. Those admitted must notify the
landscape architecture program chair of
their intention to attend by July 1, or
their place will be forfeited. Those not ac
cepting the opportunity must reapply if
they wish to enter the program at a later
date.

BACHELOR OF LANDSCAPE
ARCHITECTURE

Lower Division (IT and lAg)

Curricular Requirements

English or communications, 10 credits in
physical and biological sciences, 8 credits
in mathematics, 6 credits in social sci- .
ences, 12 credits in studio arts or design,
and 8 credits in landscape architectural,
environmental, or design theory.

3. Complete the landscape architec
ture program application form (available
from the Landscape Architecture pro
gram, 205 North Hall, University of Min
nesota, 2005 North Buford Avenue, St.
Paul, MN 55108 or either Office of Admis
sions identified above).

4. Submit a letter of intent stating the
reasons for selecting landscape architec
ture as a profession. This letter, generally
consisting of one or two pages, should give
an account of the student's reason for be
coming interested in the field and in be
coming a landscape architect, experience
in landscape architecture or related fields
(art, horticulture, architecture, engineer
ing, construction, etc.), experience or par
ticipation in other interests (travel,
hobbies, avocations, etc.) and perception
of herself or himself in the role of a land
scape architect.

5. Submit an official transcript of all
college work completed to date at the Uni
versityof Minnesota and other colleges.
Generally, a student must have a grade
point average 01'2.50 or higher for admit
tance.

6. Submit a portfolio of art or design
work, environmental or design reports,
photographs of sculptural work, slides, or
similar examples of creative work. It is
suggested that the portfolio be a bound
81/z-by-ll-inch booklet. A portfolio that is
larger than 24 by 36 inches will not be ac
cepted. Material not enclosed in a carry
ing case is also unacceptable. Any slides
must be in an 81/z-by-ll-inch transparent
slide carrier. It is recommended that the
student bring the portfolio to the inter
view with the faculty member.

7. Interview or correspond with at
least two landscape architecture faculty
members prior to the May 1 application
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Core Course Requirements .....
Communications

Rhet 1101 (4)
Rhet 1104 (l)

Rhet 1151 (4)
Speech (4)1

Credits
95

j



Mathematics (two courses or 8 credits in
mathematics, statistics, or computer science;
college algebra or higher mathematics must
be one of the two courses)'

Biological Sciences (18)'
The Individual and Society (16)'
,Literary and Artistic Expression (8)'
Studio Arts (12)'
Landscape Architecture Theory (select two) (8):

LA 1024, 1031,3001,3002,3003
Landscape Architectural History (select one) (4):

LA 1021, 1022, 1023
Landscape Architecture Technology (8):

Land Measurement (4)
Soil 1122

Following substantial completion of the
above requirements the student must ap
ply for admission to the program before
May 1 of the year of desired entry.

Upper Division (IT and lAg)

Core Course Requirements . . . . . .. 116
Hort 1021,1022
LA 3071, 3072
LA 3081,3082-3083
LA 3091-3092-3093
LA 5101 or 5107
LA 5103 or 5105
LA 5110
LA 5224
LA 5226
LA 1025, 1026, 3101
One of the following: LA 5073, 3075, 5225
LA5117,5119
LA 5261,5265
Rhet 3562
Electives Supporting the Professional Degree . ... 19

BACHELOR OF ENVIRONMENTAL DESIGN

Lower Division (IT only)

Core Course Requirements . . . . . .. 100
Basic Composition (4-5)
Speech (4)
Math 1111
Professional Writing (4)
Statistics (4)
Physical and Biological Sciences (5)1
The Individual and Society (6)1
Literary and Artistic Expression (2)1
Studio Arts (12)1
Landscape Architecture History (select one) (4):

LA 1021, 1022, 1023
Landscape Architecture Theory (select

two) (8): LA 3001, 3002, 3003, 1024, 1031
Land Measurement (4)
Soil 1122

Materials Science and Engineering

Following substantial completion of the
above requirements the student must ap
ply for admission to the program before
May 1 of the year of desired entry.
Upper Division (IT only)

Core Course Req uirements . . 79
Hort 1021
LA 1025, 1026,3101
LA 3071,5073
LA 3081-3082-3083
LA 3091-3092-3093
LA 5261
Ecology (8)'
Planning (0)1
Elective Requirements! 13

Materials Science and
Engineering
(Department of Chemical Engineering and Materials
Science)

Materials engineers select and develop
metals and alloys, ceramics, and plastics
to meet diverse engineering needs. Prod
ucts composed of these materials range
from extremely small devices such as mi
croelectronic components to large parts
such as turbine rotors for electric generat
ing plants. Materials engineers also pro
duce materials for metal and polymer
producing industries and test the perfor
mance of new products and their compo
nentparts.

Professionals in this field are indis
pensable to virtually every product-re
lated industry, as the following list of
materials science and engineering tasks
attests:

• aircraft: create fatigue, fracture, cor
rosion, and heat resistant materials for
use in products such as landing gear or en
gine cowling

• automotive: develop high strength,
heat resistant materials for low emission
gas turbine or steam engines

[Courses should be selected, in consultation with the
adviser, to complete the liberal education require
ments specified by the student's college.
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• chemical: select and develop materi
als to hold exotic combinations of temper
ature and environment in chemical
reactors

• communication: provide unique
semiconductor devices for electronic cir
cuitry

• consumer advocates: analyze mate
rial failures and recommend solutions for
increased product reliability

• energy: develop reliable materials for
coal gasification or fission reactors as well
as unique compounds for energy storage,
conversion, and transmission

• medical-dental: create and evaluate
potential prosthetic materials

• nuclear: develop reliable materials
for long-term containment of fission and
fusion processes

• oil and gas: provide basic tools with
which the products are extracted and
transported

• other high technology areas: create
new types of metal alloys to circumvent
existing time-environment barriers in
aerospace and ocean space exploration

The curriculum is based on a founda
tion of mathematics, physics, and chem
istry course work, plus specialized
professional course work in areas such as
materials science, physical and mechani
cal metallurgy, thermodynamics, polymer
engineering and corrosion, and related
laboratory studies.
Degree Requirements-To receive the
bachelor of materials science and engi
neering (B.Mat.S.) degree, 200 credits are
normally required. Students must com
plete the IT minimum liberal education
requirements (a total of 36 credits), the
pre-materials science and engineering
program (91 to 100 credits), and a coher
ent program of science and technical
course work (91 to 100 credits).

Suggested lower division and upper di
vision curricula are outlined below. Stu
dents, together with an adviser, plan their
degree program in two stages: a one -year
plan is submitted at the beginning of the
third year, and, ordinarily, a complete
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four-year program is submitted for certifi
cation by the department by the begin
ning of the fourth year. Degree programs
may emphasize several specialty areas
and may be oriented toward graduate
work or professional employment after
graduation. Sample programs are avail
able from advisers or from the department
office, 151 Amundson Hall.
Transfer Students-Normally, students
intending to transfer from another cam
pus or school with lower division standing
in general engineeriing have satisfied
most course requirements or have equiva
lent course work to offer. For specific in
formation, prospective transfer students
should write or visit the Department of
Chemical Engineering and Materials Sci
ence, 151 Amundson Hall, University of
Minnesota, 421 Washington Avenue S.K,
Minneapolis, MN 55455. Students can ob
tain certification of completion ofthe
lower division requirements at the time of
transfer.

Lower Division
Credits

First Year f w s
AEM 1015-Statics 4
CSci 3101-A FORTRAN Intro-

duction to Computer
Programming or 3104-Intro
duction to Programming and
Problem Solving 4

Math 1211, 1221, 1231-Calculus
I, II, III 5 5 5

Chern 1031-1032-Chemical
Principles I, II 5 5

Phys 1271, 1275-General Physics,
Laboratory 5

Comp lOll-Writing Practice I 5
Liberal Education Electives 0-4 0-4 4-8

Second Year
Chern 5533-Quantum Chemistry

or Phys 3501-Modern Physics ... 4 4
Chern 3301, 3305-Elementary

Organic Chemistry I, Labor
tory or Chern 3331-Intro-
ductory Organic Chemistry I 5-6

Phys 1281, 1291-General Physics 4 4
Phys 1285, 1295-General Physics

Laboratory
Math 3211, 3221-Multivariable

Calculus, Introduction to Linear
Algebra and Linear Differential
Equations 5 5

MatS 3400-Introduction to
Mechanical Properties 4



AEM 3016-Deformable Body
Mechanics 4

Technical Electives 0-4 0-4 0-4
Liberal Education Electives 0-4 0-4 4-8

Upper Division

Third Year
MatS 5011-5012-5013-Intro-

duction, Physical Metallurgy,
Electronic Properties 4 4 4

Chem 5534-Chemical Thermo·
dynamics 4

MatS 5101, 5102-Thermodynamics
and Kinetics 4 4

Comp 3015-Writing About Science
or Comp 3031-Technical
Writing for Engineers 4

MatS 5200-Microscopy 4
MatS 5202-X-Ray Analysis 4
Technical Electives 4-8 0-4 0-4
Liberal Education Electives 0-4 0-4

Fourth Year
MatS 5411-Materials Design 4
MatS 5304-Failure Analysis 4
MatS 5610-Introduction to

Polymers 4
MatS 5630-Polymer Physical

Properties 4
MatS 5112-Ceramics 4
MatS 5450-Corrosion 4
EE 5680-Thin Film Technology 4
MatS 5500-Senior Design Project 2 2
Technical Electives 4-8 4-8 4-8
Liberal Education Electives 0-4 0-4 0-4

Mathematics
The School of Mathematics offers pro
grams leading to the bachelor of mathe
matics (B.Math.) degree through the
Institute of Technology and the bachelor
of arts (B.A.) degree through the College
of Liberal Arts. Information about the
B.A. program can be found in the College
ofLiberal Arts Bulletin.

The course of study for the B.Math. de
gree is very flexible and can be adapted to
satisfy a wide variety of interests and
needs. Programs can emphasize diverse
fields of interest such as applied mathe
matics, computer science, or actuarial sci
ence; sample curricula for some of these
specializations are available in 127 Vin
cent Hall. The program also offers good
preparation for graduate study.

In addition to the prescribed courses
listed below, a student must complete the
minimum liberal education requirements

Mathematics

of the Institute ofTechnology, including
an upper division technical writing
course. A total of 186 credits are required.

Majors are required to see a mathemat
ics adviser at least once each year to plan
their programs for the following year; ap
pointments can be made in 127 Vincent
Hall. Appointments can also be made with
the mathematics placement director to
discuss job opportunities and require
ments. All courses in the major must be
taken on A-N grading.

Mathematics Requirements
1xxx Level-one freshman sequence: calculus of

functions of a single variable
Math 1211-1221-1231-Calculus I-II-III
or Math 1211-1321-1331-Computer Calculus

I-II-III
or Math 1511-1521-1531-Honors Calculus I-II-III
or Math 1611-1621-Accelerated Calculus I-II

3xxx Level-one sophomore sequence: multivariable
calculus, some linear algebra, and some ordinary
differential equations
Math 3511-3521-3531; 3211, 3142, 3066; 3211,

3221,3231; 3211, 3221, 3675; or 3211, 3212,
3213. Majors with high ability are urged to
take 3511-3521-3531.

5xxx Level-at least 48 credits including
One Analysis Sequence
Math 5601-5602-5603-Advanced Calculus
or Math 5612-5613-5614-Introduction to

Analysis
or Math 5601-5602, 5612-Advanced Calculus,

Introduction to Analysis
One Algebra Sequence
Math 5262-5263-5264-Modern Applied Algebra
or Math 5282-5283-5284-Fundamental

Structures of Algebra
or Math 5242-5243-Linear Algebra With

Applications or 5232-5233-Computer
Oriented Linear Algebra together with
5244-Group Theory or one of 5262 or 5282
when the content is not linear algebra

One Sequence for Depth (approval ofdirector of
undergraduate studies required for selection of
any other sequence)

Math 5162-5163-5164-Mathematical Logic
or Math 5341-5342-5343-Introduction to

Topology
or Math 5375-5376-5377-Differential Geometry
or Math 5457-5458-5459-Methods of Applied

Mathematics
or Math 5473-5474-5475-Approximation Theory

and Theory of Numerical Analysis
or Math 5521-5522-5523-Introduction to

Ordinary Differential Equations
or Math 5571-5572-5573-Elementary Partial

Differential Equations
or Math 5681-5682-5683-Introduction to

Probability
or Math 5701, 5702, 5703-Combinatorics, Graph

Theory, Algorithms
Stat 5131-5132-5133-Theory ofStatistics
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Other Technical Requirements

One course in computer science
Phys 1271-1281-1291-General Physics; the

associated lab courses Phys 1275-1285-1295 are
recommended but not required

Technical Elective: any three 3xxx or 5xxx technical
courses that form a coherent part of the student's
program and have calculus as a prerequisite
(approval of math adviser required for selection of
courses); these may be additional mathematics
courses.

Mechanical Engineering
Mechanical engineering is involved in
most technological activities of society
and dominates many including automo
tive, transportation and materials han
dling, environmental and pollution
control systems, refrigeration and cryo
genics, design of nuclear and conventional
power systems, automation, system dy
namics and control, computer-aided de
sign and manufacturing, and the
production of machinery and consumer
products. The mechanical engineer may
be engaged in design, development, re
search, testing, manufacturing, adminis
tration, marketing, consulting, or
education.

The department program is designed to
provide preparation for a career in me
chanical engineering or for graduate
work. A strong background in the basic
sciences ofmathematics, physics, and
chemistry is balanced with courses in en
gineering science and applied engineer
ing. Courses in computer design and
manufacturing are available, with use of
the computer as an engineering tool em
phasized throughout much of the course
work. Through electives, each student has
an opportunity to develop a program of
study that reflects his or her particular
area of interest.
Degree Requirements-The four-year
curriculum requires 190 quarter credits
and leads to the bachelor of mechanical
engineering (RM.E.) degree. The pro
gram is accredited by the Engineering Ac
creditation Commission of the
Accreditation Board for Engineering and
Technology.
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Elective Programs-Various coherent
elective programs are available in me
chanical engineering that provide further
in-depth study in designated areas of
the profession. In addition, several cross
disciplinary programs involve work in
Mechanical Engineering and other de
partments. (See Special Programs below.)

Since the total elective choice is consid
erable, students should consult their ad
viser and other faculty members to
formulate an effective program that meets
both their needs and degree requirements.

The mechanical engineering program
consists of a minimum of27 liberal educa
tion elective credits, a coherent technical
elective program of approximately 24
credits, and other free elective credits.
Thus the student has the responsibility of
selecting approximately 56 credits of
course work. A list of suggested programs
is available in the Advising and Informa
tion Center, 121 Mechanical Engineering.
Areas of specialization include: power and
propulsion, system design and control,
thermodynamics and heat transfer,
materials engineering, environmental en
gineering, industrial engineering/opera..
tions research, bioengineering, solar
energy, nuclear engineering, electrical
engineering emphasis, transportation em
phasis, manufacturing engineering, and
computer-aided design.
Graduate Study-Designated master's
degree programs in mechanical engineer
ing (M.M.E.) and industrial engineering
(M.LE.) are offered by the Institute of
Technology through the Graduate School.
Information about these programs is
available in the department office, 125
Mechanical Engineering. In addition,
M.S. and Ph.D. programs with a major in
mechanical or industrial engineering are
open to students who meet the entrance
requirements of the Graduate School.
Special Programs-The Coherent Elec
tive program in mechanical engineering
offers students the opportunity to pursue
interdisciplinary study involving several
departments as well as work in the com
munity and industry. Information about
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this program is available in 121 Mechani
cal Engineering. A brief description of a
number of the interdisciplinary study op
portunities is presented below:

Bioengineering-Project work in bio
engineering is available. In addition, stu
dents can combine elective work in
biology, physiology, chemistry, fluid flow,
and similar areas with related engineer
ing courses to prepare for work or gradu
ate study in bioengineering. Students
preparing for work in bioengineering may
also plan their studies to meet entrance
requirements for medical school.

Transportation-The program in
transportation typically includes work in
several departments. Mechanical engi
neering provides transportation project
work involving personalized rapid tran
sit, transportation study and planning,
statistical planning, vehicle and system
design, community impact studies, and a
variety of closely related areas. In addi
tion, propulsion courses relating to vehi
cle transport as well as a course in urban
transportation are offered.

Environmental Engineering-The de
partment offers work in environmental
engineering with emphasis on air pollu
tion, energy utilization, and emission
studies. The environmental engineering
staff offers courses in particle technology,
air quality and conditioning, contami
nant control, and thermal environmental
engineering. In addition, the department
offers work in propulsion system design,
combustion, exhaust emission analysis,
and conservation and utilization ofenergy
resources. Environmental work relating
to water quality and resources, solid
waste disposal, noise pollution, society in
volvement, and related areas is also avail
able in other departments. Combined
programs of study can be planned with the
adviser.

Nuclear Engineering-An interdisci
plinary program in nuclear engineering is
available involving course work in the
Departments of Mechanical Engineering,
Chemical Engineering, and Physics.

Mechanical Engineering

The Industry Cooperative program is
available during the last two years of
study. Completion of the major part of the
lower division academic curriculum with
a satisfactory grade point average is re
quired for admission. Application must be
made in January of the sophomore year.
The program provides applied engineer
ing training in selected established indus
tries during quarters of supervised
assignments that alternate with quarters
of University studies. Participants regis
ter at the University during work periods
and are considered regular full-time stu
dents. The B.M.E. degree is awarded upon
satisfactory completion of the required
mechanical engineering curriculum work
as well as four quarters of industrial as
signment. The work assignment credits
are considered a part of the coherent elec
tive program requirement. Students
should contact the director of the coop pro
gram for information. Candidates are se
lected on the basis of scholastic ability,
personal qualifications, and suitability for
the work.

The Industrial Engineering/Operations
Research program provides engineering
training with specialization in industrial
engineering. Students in the program
may also apply for the industry coopera
tive program. For more information, see
the Industrial Engineering/Operations
Research program description.

By careful selection ofliberal educa
tion electives and coherent program elec
tives, the student can prepare, in part, for
subsequent study in a number ofother
fields including business, law, and
medicine.
Course Requirements'-The lower divi
sion program includes course work in ba
sic and engineering science preparatory
for studies in the upper division. The up
per division program includes course work
in additional engineering science and ap
plied engineering subjects such as labora
tory and design. Further details and

lCredit and course requirements are subject to change
by faculty action and may affect requirements for
graduation.
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information about alternate course selec
tions, coherent elective programs, areas of
specialization, and changes in course or
credit requirements, as well as supple
mental department brochures, are avail
able in 121 Mechanical Engineering or
from an adviser.

Lower Division
Credits

Comp lOll-Writing Practice I 5
Math 1211, 1221, 1231,3221, ME 3900'-

Calculus I, II, III Introduction to Linear
Algebra and Linear Differential Equations,
Engineering Statistics " 24

Phys 1271, 1281, 1291-General Physics 12
Phys 1275, 1285, 1295-General Physics

Laboratory 3
Chern 1014, MatS 3400' and additional science

electives as specified by the department '" 12
Introduction to Engineering' . . . . . . . . . . . . . . . . .. 9

ME 1025-Graphics; CSci 3101-Intro
duction to FORTRAN Programming; ME
1001-Introduction to Mechanical
Engineering (optional)

Engineering Science 21
AEM 3036-Dynamics; AEM 3016

Deformable Body Mechanics; EE 3003,
3004-Circuits and Electronics,
Laboratory'

CE 3400 or AEM 3200-Fluid Mechanics;
AEM 1015-Elements: Statics

Liberal Education Electives (approximately) '" ~
Total Credits' .. " 94

Upper Division

Basic Engineering Program 40
ME 3301, 3303, 5342-Thermal Engineering
ME 3201, 3203, 3205-Mechanical Engineering

Systems and Design
IEOR 5000-Industrial Engineering
EE Requirement'
ME 5260-Material Engineering and Processing
ME 5254-Design Morphology With Applications
Laboratory Program 8
ME 3701-3702-Basic Measurements Laboratory

I, II
ME 5703-5704-Advanced Mechanical

Engineering Laboratory
Liberal Education Electives (sufficient to

complete liberal education requirements) . 20
Coherent Elective Program 2 .....•... 24
Technical Writing 4

Total Credits' 96

Metallurgy
(Department of Civil and Mineral Engineering)

Metallurgy embraces a broad spectrum of
professional disciplines, from the extrac
tion of minerals to research into the
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physical and chemical properties of con
ventional and new materials. This diver
sity is reflected in the two bachelor's
degree programs available to prepare stu
dents for employment as metallurgical en
gineers, The two programs, summarized
below, should not be regarded as com
pletely independent. A student who ma
jors in one is encouraged to consider
technical elective courses from the other.

1) The Bachelor ofExtractive Metallur
gical Engineering (administered by the
Mineral Resources Research Center, De··
partment of Civil and Mineral Engineer
ing) emphasizes extractive and process
metallurgy. It is intended for students
who wish to gain employment in produc··
tion management engineering or conduct
research in mineral processing-extractive
metallurgy or metals producing indus
tries. The physical metallurgy courses re
quired in this program are taught by the
Materials Science faculty. For more infor
mation, see the section on Extractive
Metallurgical Engineering or call the De
partment of Civil and Mineral Engineer
ing (373-3341).

2) The Bachelor ofMaterials Science
and Engineering (administered by the De
partment of Chemical Engineering and
Materials Science) emphasizes microelec
tronics/polymers/ceramics/physical metal
lurgy. It is intended for students who seek
employment in industries that produce
and develop these materials. For more in
formation, see the section on Materials
Science and Engineering or call the De
partment ofChemical Engineering and
Materials Science (373-2300).

1For a complete description ofthe lower division pro·
gram, alternate course selections, and suggested
scheduling, students should obtain the curriculum
brochure in 121 Mechanical Engineering.
2See information about coherent elective programs un·
der the heading Special Programs and obtain the pro
gram brochure in 121 Mechanical Engineering.
3Credit and course requirements are subject to change
by faculty action and may affect requirements for grad
uation.



Physics
(School of Physics and Astronomy)

Since physics is concerned with the ~e

scription of the fundamental propertle~of
the physical universe, the physics currICU
lum may appeal to students with many di
verse educational objectives. Some seek
employment after receiving the bachelor's
degree, often in an industrial or govern
ment laboratory. Others will pursue fur
ther study, either in physics or in another
area such as engineering, biology,
medicine, law, or business. Students in
terested in a career as a high school
teacher may wish to consider the four
year program in the College of Education
leading to a B.S. degree with a major in
physical science. This program leads to
teaching licensure. Information about
physics programs is available in the un
dergraduate office, 148 Tate Laboratory of
Physics.

Normally, students who fail to earn A
or B grades in the freshman mathematics
and physics courses will have difficulty
pursuing a physics major. Because of the
varied interests of students pursuing this
degree program, the required courses
have been designed to provide a broad
foundation in experimental and theoreti
cal physics. The required courses repre
sent a minimum program, and students
preparing for certain careers may want to
take more physics courses than are re
quired. Many elective courses are avail
able, and students should consult their
adviser or the undergraduate office when
planning their program. Sample pro
grams emphasizing various areas of inter
est are available in the undergraduate
office.

A total of 184 credits are required for
the degree. This assumes that the student
has satisfied the IT requirement in fresh
man Writing Practice and has completed
three years offoreign language study in
high school.

Ifa student must complete freshman
Writing Practice at the University of Min
nesota, the number of credits required for
graduation increases by 5 to 8 credits. If a

Physics

student has not had three years of foreign
language study in high school, he or she
must complete the third quarter of a for
eign language at the college level. Col
lege-level language courses usually carry
5 credits per quarter, and of those 5 cred
its, 3 are added to the graduation require
ments and 2 may be applied toward the
liberal education requirements described
below. For a student who must take three
language courses (15 credits) at the col
lege level, this means that 9 additional
credits are required for graduation and 6
credits are applied toward the liberal edu
cation requirements. To summarize, the
number of credits required for graduation
can vary as follows:

Credits
Writing Practice and language satisfied in

high school . 184
Must take 5 credits Writing Practice;

language satisfied , 189
Must take 15 credits oflanguage; Writing

Practice satisfied 193
Must take both Writing Practice and language. 198

In the physics curriculum, the Writing
Practice and Advanced English Composi
tion credits may not be counted toward
the 36 liberal education credits required
(see below).

General Requirements
<Based on 184 credits)

Liberal Education . . . . . . . . . . . . . . . . . . . .. 36
Of these 36 credits, at least three courses

(12-15 credits) must be in Group C (The
Individual and Society), and at least two
courses (8-10 credits) must be in Group D
(Literary and Artistic Expression). The
remaining courses may be in any category
but not in the areas ofcomputer science,
mathematics, or the physical sciences.
At least two of the courses must be at the
3xxx or 5xxx level.
Advanced English Composition

Comp3015-WritingaboutScience .... 4
Mathematics

Math 1211-1221-1231 or Math 1511-1521-
1531 or Math 1611-1621 10-15
Math 3511-3521-3531 or Math 3211-
3212-3213 14-15

Two additional courses at 5xxx level . . . . 8
Physics
Phys 1311-1321-1331-1341-Comprehensive

Introductory Physics. . . . . . . . . 16
or Phys 1271-1281-1291-General

Physics 12
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Phys 1275-1285-1295---General Physics
Laboratory 3

Phys 3011-0scillations 4
Phys 3015---Laboratory in Oscillations and

Waves................................ 1
Phys 3511-3512-3513-Modern Physics.... . 12
Phys 3515---Modern Physics Laboratory ..... 1
Phys 5021-5022-Introduction to Analytic

Mechanics . . . . . . . . . . . . . 8
Phys 5023-5024--Introduction to Electric

and Magnetic Fields . . . . . . . . . . . . . . . . . . . . 8
Phys 5101-Introduction to Quantum

Mechanics 4
Phys 5121-5122-S123-Methods ofExperi-

mental Physics 13
Phys 5201-Thermal and Statistical Physics. 4
Electives to total 184 credits .. . 32-42

Subtotal 184
Writing Practice and/or Foreign Language

asrequired . 0-14
Total Credits 184-198

Sample Program

First Year
Phys 1311-1321-1331-Comprehensive

Introductory Physics. . . . . . . . . . . . . . . 12
or Phys 1271-1281-1291-General Physics 12

Phys 1275-1285-1295---General Physics
Laboratory 3
or Phys 1271-1281-General Physics 8
and Phys 1275-1285---General Physics

Laboratory 2
Math 1211-1221-1231-Calculus I, II, III 15
Writing Practice (if required), Foreign Language

(if required), and/or
Liberal Education Electives 15-25
(Students may wish to consider Phys 1071,
1075---Introductory Meteorology, Laboratory
or Ast 1021, 1025---Introduction to Astronomy,
Laboratory as first-year electives.)

Second Year
Phys 1341, 1295---Comprehensive Introductory

Physics, Laboratory. . . . 5
or Phys 1291, 1295---General Physics,

Laboratory (ifnot completed) 5
Phys 3011-3015---0scillations, Laboratory .. 5
Phys 3511-3512-3513-3515---Modern Physics,

Laboratory 13
Math 3511-3521-3531-Linear Analysis

I-II-Ill. . . . . . . . . . . . . . . . . . . . . . . . 5
Foreign Language (if required) and/or Liberal

Education, Technical Electives 8-17

Third Year
Phys 5021-5022-Analytic Mechanics 8
Phys 5023-5024--Electricity and Magnetism ., 8
Phys 5121-5122-5123-Methods of Experi-

mental Physics 13
Math 5xxx, 5xxx . . . . . . . . . . . . 8
Liberal Education, Technical, Physics or

Astronomy Electives 8-13
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Fourth Year
Phys SlOl-Introduction to Quantum

Mechanics , 4
Phys 5201-Thermal and Statistical Physics... 4
Comp 3015-Writing about Science , 'l
Physics or Astronomy, Math, Technical, and

Liberal Education Electives 33-38

Suggested Astronomy or Physics electives:
Ast 3051-Introduction to Astronomy and

Astrophysics
Ast 5161-Astrophysics ofDiffuse Matter
Ast 5162-Astrophysics ofCondensed Matter
Ast 5163-Galactic and Extragalactic Astronomy
Ast 5165-Cosmology
Phys 5031-5032-5033-Topics in Mathematical
Physics
Phys 5051-5052-5053-Classical Physics
Phys 5061-Numerical Methods in Physics
Phys 5102-Introduction to Quantum Mechanics
Phys 5124--Methods ofExperimental Physics:
Experimental Project
Phys 5162-Introduction to Plasma Physics
Phys 5202-Thermal and Statistical Physics
Phys 5211-Introductory Solid State Physics
Phys 5231-5232-5233-Introduction to Solid

State Physics
Phys 5301-Introduction to Nuclear Physics
Phys 5351-Experimental Particle Physics
Phys 5371-Introduction to Elementary Particle
Physics
Phys MOl-Introduction to Contemporary

Problems in Cosmic Ray and Space Physics
Phys 5441-5442-Introduction to Dynamic

Meteorology
Phys 5461-Physics and Chemistry of the

Earth's Upper Atmosphere
Phys 5551, 5552, 5553-Topics: Physics for

Biology and Medicine
Phys 5801-Modern Optics
Phys 5805---Contemporary Optics
Phys 5924, 5925---History ofPhysics

Electives-The curriculum includes 32
42 credits of unspecified electives. Be
cause the specified physics courses
represent a minimum requirement, most
students will want to take some of their
unspecified electives in physics or allied
areas. Some of the electives recommended
for students interested in graduate school,
other professional schools, or a career in
industry are listed below:
For Graduate Study in Physics
Continuation oflntroduction to Quantum

Mechanics (Phys 5102)
Continuation ofThermal and Statistical

Physics (Phys 5202)



Statistics

Lower Division

Statistics

Meteorology
Meteorology (Phys 1071, 1075,5441

5442,5461)
Business School

Information Sources for Science and
Technology (lofT 5211)

Computer Programming
Economics
Statistics

Statistics deals with methods and theories
of data collection, tabulation, and analysis
and interpretation, and with the use of
data for inference and decision making in
industrial, scientific, and government en
terprises. Students considering profes
sional careers as statisticians should have
an aptitude for mathematics and the abil
ity to reason logically. Statistics majors
are encouraged to acquire a thorough
knowledge in a second academic area such
as some branch of engineering or com
puter science.

The School of Statistics offers a four
year curriculum leading to the bachelor of
statistics (B.Stat.) degree. The school in
cludes the Department ofApplied Statis
tics and the Department of Theoretical
Statistics. While a program may empha
size work in theory or in applications, all
programs include some concentration on
both theory and applications.

In addition to the prescribed courses
listed below, a student must complete the
minimum liberal education requirements
for the Institute ofTechnology and ap
proved electives. A total of 186 credits are
required for the degree. Programs are
flexible and can be planned to emphasize
such interests as industrial engineering,
operations research, computer science, or
actuarial science. Students wishing to
plan a program in statistics should make
an appointment with the director of un
dergraduate studies in 270 Vincent Hall.

4

15
10

Credits
Calculus ofa Single Variable
Math 1211-1221-1231 .

or Math 1611-1621
Elements ofComputer Programming
CSci 3101 .

Specialized courses in physics (e.g., nu
clear, solid state, elementary particle,
plasma, optics)
Topics in Mathematical Physics (Phys
5031-5032-5033)
Methods of Experimental Physics: Experi
mental Project (Phys 5124)
Numerical Methods in Physics (Phys
5061)
Classical Physics (Phys 5051-5052-5053)
Quantum Mechanics (Phys 5151-5152
5153)
Astronomy (Ast 3051, 5161, 5162, 5163,
5165)
Mathematics
Chemistry
Computer Programming
History of Physics
Information Sources for Science and Tech
nology (lofT 5211)
For Industrial Employment or Graduate

Study in Engineering
Methods of Experimental Physics: Experi
mental Project (Phys 5124)
Introduction to Solid State Physics (Phys
5231-5232-5233)
Chemistry
Computer Science
Numerical Methods in Physics (Phys
5061)
Specialized courses in physics
Electrical Engineering
Aerospace and Mechanical Engineering
(fluid mechanics, elasticity, thermody
namics)
Topics in Physics for Biology and
Medicine (Phys 5551, 5552, 5553)
Information Sources for Science and Tech
nology (lofT 5211)
Materials Science
Geophysics

For Graduate Study in Other Professional
Schools
Biology, Dentistry, or Medicine

Topics in Physics for Biology and
Medicine (Phys 5551-5552-5553)

Biology
Biophysics
Physiology

l
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Curricular Requirements

Multivariable Calculus, Linear Algebra
Math3511-3521 9

or Math 3211, and 3221 or 3142 9 or 10
or Math 3611-3621 . 10

Physics and Chemistry
Phys 1271-1275-1281-1285-1291-1295 15
Chern 1014 4
Statistics
Stat3091 """"""""""" 4

Upper Division

Stat 5021-5022-Statistical Analysis 10
Stat 5131-5132-5133-Theory ..... 12
Stat 5302-Applied Regression. . . . . . . . . . . . . . . 4
Statistics Electives-12 credits chosen from:

Stat 5201-Sampling Methodology in
Finite Populations 4
or QA 5171-Statistical Methods for

Sample Surveys . . . . . . . . . . . . . . . . . 4
Stat 5301-Designing Experiments. . . . . . . 4

or IEOR 5550-5551-Design and
Analysis of Experiments 8

Stat 5401-lntroduction to Multivariate
Methods 4

Stat 5421-Analysis of Categorical Data. . . . . . 4
Stat 5601-Nonparametric Methods 4
IEOR 5531-lndustrial Sampling Techniques 4
Technical Electives-20 credits of adviser-ap
proved, 5xxx technical courses that form a
coherent program in statistics and related areas,
e.g., computer science, mathematics, industrial
engineering, operations research, management
science. The following courses are suggested:

CSci 5001-Linear Programming
Algorithms 4

CSci 5002-Nonlinear Programming 4
CSci 5101-5102-Structure and Pro-

grammingofSoftware Systems .. 8
CSci 5104-System Simulation. '" ... . .. 4
CSci 5301-5302-Numerical Analysis... 8
EE 5702-Stochastic Processes and Optimum

Filtering 3
lEOR 5000-lndustrial Engineering

Analysis........................ 4
IEOR 5010-Work Analysis 4
IEOR 5030-Quality Control and

Reliabili ty 4
IEOR 5040, 5441-5442-0perations

Research 12
IEOR 5361-Inventory and Production

Control '" '" . .. 4
Math 5612-5613-5614-Analysis 12
Math 5681-5682-5683-Probability 12
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Course Descriptions

Symbols-The following symbols are
used throughout the course descriptions
in lieu ofpage footnotes:
* Courses in which graduate students may prepare
Plan B projects.

t All courses preceding this symbol must be
completed before credit will be granted for any quar
ter ofthe sequence.

§ Credit will not be granted if the equivalent course
listed after this symbol has been taken for credit.

~ Concurrent registration is allowed (or required) in
the course listed after this symbol.

# Registration Override Permit, completed and
signed by the instructor, is required for registration.

/':, Registration Override Permit, completed and
signed by the division, department, or school offering
the course, is required for registration.

H Honors course.

f,w,s,su Following a course number indicate fall,
winter, spring, or summer.

A hyphen between course numbers
(e.g., 3142-3143-3144) indicates a se
quence of courses that must be taken in
the order listed.

A comma between course numbers
(e.g., 1234, 1235, 1236) indicates a series
of courses that may be entered any quar
ter.

Courses numbered 8000 or above are
open to graduate students only, except by
special permission of the dean of the Grad
uate School.

If a course prerequisite statement
specifies a class rank (e.g., 3rd year), no
one below that rank may register for the
course without special permission from
the Scholastic Standards Committee.

A prerequisite course listed by number
only (e.g., prereq 5246) is in the same de
partment as the course being described.

Special Interest Courses
for IT Students
loIT 1020. LEADERSHIP, MANAGEMENT DE
VELOPMENT. (1-3 cr; prereq /':,)

loIT 1222. INTRODUCTION TO CAREERS IN
SCIENCE AND ENGINEERING. (2 cr; SoN only; 2
hI's per wk)
Opportunity to learn how to make vocational deci
sions, gather information about technical careers, be
come acquainted with the world of work, and assess
personal skills, interests, and values.
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loIT 5003. EARTH-SHELTERED SPACE USE
AND DESIGN. (4 cr; prereq AEM 3093 or AEM 3016)
Use and design of underground earth-sheltered facili
ties for residential and nonresidential purposes. En
ergy use, planning, security, environment, building
design, construction techniques, landscaping, build
ing codes, financing and psychological considerations.

loIT 5211. INFORMATION SOURCES FOR SCI
ENCE AND TECHNOLOGY. (2 cr; recommended
for sophomores and above)
Survey of scientific and technical literature. Journals,
abstracts, patents, reviews, standards, and conference
proceedings; how to access these sources in research li
braries of all types.

loIT 5290. HUMAN-POWERED TECHNOLOGY
FOR ENGINEERING STUDENTS. (4 cr; prereq
Phys 1271, 1281, 1291)
Principles ofhuman-powered devices including bicy·
c1es, multi-wheeled vehicles, generating facilities, and
airplanes. Human power capacity, types ofresistance
in human-powered devices, bicycle stability, brakin!~,
materials, and structural design principles. New types
ofland and air vehicles.

loIT 5501. PLASMA CHEMISTRY. (4 cr; 4leet hlrs
perwk)
Collision processes in gaseous plasmas. Generation
and diagnostics of non-equilibrium and thermal plas
mas. Non-equilibrium and thermal plasma chemistry.
Plasma reactors.

Aerospace Engineering and
Mechanics (AEM)
1001. AEROSPACE ENGINEERING ORIENTA
TION. (1 cr; SoN only; prereq Ist-qtr 1'1' interested in
aerospace engineering)
Fundamentals of aerospace engineering practice pre
sented by professional engineers and members ofthe
faculty.

1005-1006. AEROSPACE SURVEY AND LABO
RATORY. (1 cr per qtr; SoN only; prereq lowerdivi·
sion AEM major)
Science, engineering, and aerospace technology.
Course areas and technical electives in aero curricu
lum. Trajectories, orbits, flight mechanics, structur,es,
and materials. Experimental and theoretical aerody
namics. Winged atmospheric, ballistic, and space ve
hicles.

1015. STATICS. (4 cr; prereq IT student, Phys 1271,
Math 1231)
Force and moment vectors; resultants. Principles of
statics. Applications to simple trusses, frames, and
machines. Distributed loads. Hydrostatics. Propert:ies
of areas. Laws offrietion.

3016. DEFORMABLE BODY MECHANICS. (4 cr;
prereq IT student, 1015, ~Math 3221)
Uniaxial loading and deformation. Stress and strain
at a point. Forces and moments. Material behavior;
linear elasticity. Torsion. Bending ofbeams of sym··
metrical section.



Aerospace Engineering and Mechanics

I

l

3036. DYNAMICS. (4 cr; prereq IT student, 1015,
~Math 3221)
Review of particle dynamics. Mechanical systems and
the rigid-body model. Kinematics and dynamics of
plane systems.

3092. STATICS AND MECHANICS OF MATERI
ALS I. (4 cr; prereq Math 1221, Phys 1042 or Phys
1281, Arch major)
Forces, equilibrium, and free-body diagrams. Analysis
ofstatically determinate plane trusses and frames.
Bending of statically determinate beams. Bending
stress and shear stress in beams.

3093. STATICS AND MECHANICS OF MATERI
ALS II. (4 cr; prereq Arch major, 3092)
Statically indeterminate problems in axial force and
beam bending. The three-moment principle for contin
uous beams. Combined direct and bending stresses.
Column buckling. Laboratory tests ofmechanical
properties of construction materials and ofsimple
structural configurations.

3200. INTRODUCTION TO ENGINEERING
FLUID MECHANICS. (4 cr; prereq IT student, 1015,
Math 3221, Phys 1271)
The flow ofviscous incompressible fluids; fluid statics,
Bernoulli flow, momentum conservation, laminar and
turbulent pipe flow, laminar and turbulent boundary
layers.

3401. INTRODUCTION TO DYNAMICAL SYS
TEMS. (4 cr, §ME 3201; prereq IT student, 3036)
Mathematical modeling of mechanical, hydraulic, and
electromechanical systems; Laplace transforms,
transfer functions and block diagrams, response of
free and forced systems, elementary concepts in feed
back control, frequency response.

5200. KINEMATICS AND DYNAMICS OF
FLUID FLOW. (4 cr; prereq upper division IT stu
dent, mathematics including differential equations,
linear algebra)
Kinematics of fluid flow including continuity equa
tion, vorticity, circulation, velocity potential, source,
and doublet. Application of Gauss' and Stokes' theo
rems to fluid flow. Flow about cylinder. Potential flow
in two and three dimensions. Dynamics, Euler equa
tion, Bernoulli equation. Aerostatics.

5201. SHOCK WAVES AND COMPRESSIBLE
FLUID FLOW. (4 cr; prereq upper division IT stu
dent, 5200)
Basic concepts of thermodynamics. One-dimensional
steady isentropic flow. Laval nozzle. Normal and
oblique shock waves and reflections. Prandtl-Meyer
flow. Supersonic thin airfoil theory.

5202. INCOMPRESSIBLE BOUNDARY LAYER
THEORY. (4 cr; prereq upper division IT student,
5200)
Curvilinear coordinate systems, cylindrical and
spherical. Viscous incompressible flow. Thin airfoil
theory. Stress and strain rate. Navier-Stokes equa
tion. Boundary layer equation and Blasius solution.
Von Karman momentum integral. Pohlhausen
method. Turbulent boundary layer.

5206, AERODYNAMICS OF LIFTING SUR
FACES. (4 cr; prereq 5200...knowledge of FORTRAN
recommended or #)
Pressure distributions, forces, and moments on air
foils and wings of finite span. Analysis ofpotential
flow by thin airfoil theory, lifting line theory, and
panel methods. Viscous effects and their relation to
design variables.

5240. RAREFIED GAS DYNAMICS. (4 cr; prereq
5202 or #)
Elementary kinetic theory. Relationship between con
tinuum and molecular models for gas flow. Free
molecule flows. Lift, drag, and energy transfer in free
molecule flows. Slip flow and temperature jump.

5243. ADVANCED AERODYNAMICS. (4 cr; pre
req 5206)
Selected topics.

5250. COMPUTATIONAL FLUID MECHANICS.
(4 cr; prereq FORTRAN and 5206 or #)
Methods for solving practical problems in aerodynam
ics that require use oflarge high speed computers.
Emphasis on utilization of methods and results rather
than on mathematical analysis.

5300. FLIGHT MECHANICS. (4 cr; prereq 5206)
Standard atmosphere, analysis ofpower required, the
classical performance data, maximum and minimum
speed, maximum rate of climb, angle of climb and
glide, absolute ceiling, service ceiling of propeller and
jet propelled aircraft. Static longitudinal stability,
wing contribution, tail contribution, fuselage contri
bution, and the neutral point. Power effect and longi
tudinal control. Introduction to longitudinal
dynamics.

5319. DYNAMIC STABILITY OF AEROSPACE
CRAFT. (4 cr; prereq 3401 and 5206)
Static stability coefficients and derivatives about the
three main axes. Equations of motion for six degrees
offreedom. Decoupled equations ofmotion about the
longitudinal axis, specific and generalized. Effect of
elevator and rudder powers. stick-fixed and stick-free
conditions. Routh discriminant. Aerospace vehicle
working equations and solutions. Vehicle response to
control actions.

5321. AUTOMATIC FLIGHT CONTROL SYS
TEMS. (4 cr; prereq 3401, ~5300 or equiv or #)
Analysis and synthesis ofautomatic flight control sys
tems for aerospace vehicles, longitudinal and lateral
autopilots, gain scheduling, control of inertial cross
coupling.

5329. FUNDAMENTALS OF AIRCRAFT DE
SIGN. (4 cr; prereq AEM sr, 5300 or #)
Aircraft design considerations, mission analysis, esti
mates of weights and wing loading, airfoil and plat
form selection, fuselage and tail sizing, propulsion
system sizing, material selection, control surface
placement and sizing. Students prepare a conceptual
design of an aircraft.
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5330,5331. DESIGN OF AEROSPACE ELE
MENTS AND SYSTEMS. (4 cr per qtr; prereq 4th-yr
engineering major #)
Group and individual design projects.

5359. DECELERATION OF AEROSPACE
CRAFT. (4 cr; prereq 3036, 5200)
Aircraft approach and landing run with parachutes,
reverse pitch propellers and jet thrust reversers. Ter
restrial and reentry trajectories. Systems for aerial
delivery and space recovery. Aircraft antispin
parachutes. Aerodynamic characteristics of
parachutes. Screen drag of porous sheets. Interaction
between screen drag and aerodynamic characteristics
of parachutes.

5370,5371. AERODYNAMICS OF V/STOL
FLIGHT. (4 cr per qtr; prereq 5206)
Aerodynamic characteristics of the classical rotor.
Combinations of rotor-wing and direct thrust-wing
configurations are analyzed for high-speed V/STOL
aircraft. Jet flap, boundary layer control, and ground
effect machines.

5410. INTRODUCTION TO ASTRODYNAMICS.
(4 cr; prereq 5438; 41ect hrs per wk)
Fundamental concepts of the two-body problem. Ce
lestial coordinates, orbital elements. Spacecraft atti
tude dynamics. Attitude maneuvers and control. Orbit
maneuvers and introduction to the three-body prob
lem.

5435. INTRODUCTION TO RANDOM VIBRA
TIONS. (4 cr; prereq 3401 or ME 3201)
Concepts ofprobability theory, random variables, and
statistical averages. Elements ofstochastic system
theory. Response ofone- and two-degree-of-freedom
mechanical systems to nondeterministic inputs. Fa
tigue failure criteria, acoustic excitation.

5438. INTERMEDIATE DYNAMICS. (4 cr; prereq
3036)
Three-dimensional Newtonian mechanics, kinematics
of rigid bodies, dynamics of rigid bodies, analytical
mechanics, generalized coordinates, holonomic con
straints, Lagrange equations, and applications, multi
ple-degree-of-freedom dynamical systems.

5440. INTERMEDIATE DYNAMICAL SYS
TEMS. (4 cr; prereq 3401, ME 3201 or #)
Frequency domain analysis techniques. Elementary
feedback control concepts, time domain analysis of
simple mechanical systems.

5515. AEROSPACE STRUCTURES I. (4 cr; prereq
upper division IT student, 3016)
Elastic analysis of components important to aerospace
structures. Plane-stress analysis of composites. Tor
sion and bending of thin-walled structural members.
Castigliano method for trusses and beams. Stability
and buckling.

5516. AEROSPACE STRUCTURES II. (4 cr; pre
req 5515 or #)
Consideration of structures examined in 5515 in view
ofdesign problems, inelastic behavior, and solution on
the computer of moderate-sized examples.
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5518. MECHANICS OF COMPOSITE MATERI
ALS. (4 cr; prereq upper division IT student, 3016)
Analysis, design, and applications of laminated and
chopped fiber reinforced composites. Micro- and
macro-mechanical analysis of elastic constants, fail
ure and environmental degradation.

5580. INTRODUCTION TO THE MECHANICS
OF SOLIDS. (4 cr; prereq 3016 or #)
Linear theory ofstrain and stress in two dimensions
Stress-strain relations (plane stress) for elastic and
perfectly plastic materials. Plane-stress beam solu
tions; St. Venant principle. Rotationally symmetric
solutions in plane stress. Three-dimensional strain,
stress, and constitutive relations. Simple exact solu
tions. Plane stress and plane strain as three-dimen
sional problems.

5581,5583. MECHANICS OF SOLIDS II, III. (4 cr
per qtr; prereq 5580 or # for each)
Virtual work, minimum potential and complementary
energy with applications. Torsion ofprismatic bars,
thermoelasticity. Waves and vibrations. Plastic limit
analysis for plane stress and simple structures; creep
and relaxation phenomena, linear viscoelasticity; ap
proximate solution techniques based on energy meth
ods; technical theory ofcurved bars, plates, and shells.

5642. ELEMENTARY AEROMECHANICS LAB·
ORATORY. (2 cr; prereq 5200, upper division ITstll
dent, 3016)
Basic measurement techniques in aeromechanics. Ma
terial properties, manometers, Pitot tubes, strain
gages. Simple experiments illustrating basic princi·
pies of aeromechanics.

5645,5646. AEROMECHANICS LABORATORY
I, II. (2 cr per qtr; prereq upper division IT student,
3016,5200)
Subsonic and supersonic wind tunnel experiments in
cluding lift and drag measurements, flow visualiza
tion methods, pressure measuring techniques and
boundary layer measurements. Viscous flow experi
ments. Vibrations. Analog methods. Rheological and
strength properties of materials and structures.

5647. AEROMECHANICS LABORATORY
PROJECTS. (3 cr; prereq 5200, AEM major, 6. )
Individual experimental projects of a research nature.

5650. AEROELASTICITY I. (4 cr; prereq 5206)
Static aeroelastic phenomena, torsional divergence of
a lifting surface, control surfaces reversal and elastic
efficiency. Effects ofelastic deformations on stability,
aeroelastic twisting ofpropeller blades and rotary
wings, theory oflifting surface flutter, problems of
gust response and buffeting, scaling ofaeroelastic
force models.

5687. INTRODUCTION TO ACOUSTICS AND
ENVIRONMENTAL NOISE. (4 cr; prereq Phys
1291, Math 3221 or equiv; 3lect and llab period p'lr
wk)
Derivation of the wave equation, plane wave solution,
transmission and reflection at boundaries, resonators
and muffiers, three-dimensional wave propagation,
properties ofenvironmental noise sources, hearing:
and perception of sound, acoustical properties of
rooms, laboratory experience in sound and noise mea
surements and noise control techniques.



5688. INTERMEDIATE ACOUSTICS. (4 cr; prereq
5687)
Wave propagation in inhomogeneous media with ap
plication to atmospheric and underwa ter acoustics,
propagation in ducts, Kirchoff solution to the inhomo
geneous wave equation, radiation from moving
sources including rotating machinery.

5689. SPECIAL TOPICS IN ACOUSTICS. (4 cr;
prereq 5688)
Selected topics of current interest to students and
staff.

5800,5801,5802. PROBLEMS IN MECHANICS
AND MATERIALS. 0-4 cr per qtr; prereq 6)
Topics of current interest. Individual projects with
consent offaculty sponsor.

5810,5811,5812. PROBLEMS IN FLUID ME
CHANICS. 0-4 cr per qtr; prereq 6)
Topics of current interest. Individual projects with
consentoffaculty sponsor.

5838,5839. SUMMER ENGINEERING EMPLOY
MENT. (1-4 cr per qtr; prereq completion of3rd yr and
6)
Written report based on summer work in an engineer
ing field (not less than 360 hours per summer).

5840-5841-5842·5843. INDUSTRIAL ASSIGN·
MENT. (2 cr per qtr; prereq regis in engineering in
tern program, 6)
Engineering intern industrial laboratory. A formal
technical report, covering the work during the indus
trial assignment, is required.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8001,8002,8003. SEMINAR: AEROSPACE EN
GINEERING AND MECHANICS

8201,8202,8203. FLUID MECHANICS I·III

8207. STABILITY OF FLUID MOTIONS I

8208. STABILITY OF FLUID MOTIONS II

8209. ROTATING FLUIDS

8216, 8217. THEORY OF TURBULENCE I, II

8220. RHEOLOGICAL FLUID MECHANICS I

8221. RHEOLOGICAL FLUID MECHANICS II

8230. ADVANCED GAS DYNAMICS

8240. PERTURBATION METHODS IN FLUID
MECHANICS

8260-8261. NONLINEAR WAVES IN MECHAN
ICS I II

8285. SELECTED TOPICS IN RAREFIED GAS
DYNAMICS

8410. ADVANCED DYNAMICS

8411. LINEAR SYSTEMS

Agricultural Engineering

8412. NONLINEAR SYSTEMS

8413-8414-8415. ADVANCED TOPICS

8510. CONTINUUM MECHANICS I

8511,8512. CONTINUUM MECHANICS II, III

8522. THEORY OF PLASTICITY

8523. SPECIAL TOPICS IN PLASTICITY

8527. THEORY OF ELASTIC STABILITY

8540. THEORY OF VISCOELASTICITY

8541. VISCOELASTICITY

8570. FRACTURE MECHANICS

8585,8586,8587. ADVANCED TOPICS IN CON
TINUUM MECHANICS

8590. THEORY OF PLATES AND SHELLS

8594. ELASTOSTATICS I

8595. ELASTOSTATICS II

8596. ELASTODYNAMICS

8606. NUMERICAL METHODS IN MECHANICS

8607. ADVANCED NUMERICAL METHODS IN
MECHANICS

8800, 8801, 8802. SELECTED TOPICS IN ME
CHANICS AND MATERIALS

8810, 8811, 8812. SELECTED TOPICS IN FLUID
MECHANICS

8888. PLAN B PROJECT

Agricultural Engineering
(AgEn)
1031. COMPUTATIONS IN AGRICULTURAL
ENGINEERING. (2 cr; prereq IT lower division, CSci
3101 or equiv, Math 1231; Ilect and 2 rec hrs per wk)
Introduction to problems in agricultural engineering.
Elementary numerical and computational techniques.
Applications involving FORTRAN programming.

1060. AGRICULTURAL ENGINEERING ORI
ENTATION. 0 cr; SoN only; 2 hrs per wk)
Introduction to agricultural engineering practice
through lectures, readings, demonstrations, and class
room discussions. Identification of professional oppor
tunities and responsibilities.

3052. PHYSIO-ENGINEERING IN AGRICUL
TURE. (4 cr; prereq IT student, AEM 3016 or ~AEM
3016; 3lect and 3 lab hrs per wk)
Mechanical and hydraulic properties of porous media,
moisture relations; strength parameters for structural
and mechanical design. Soil-machine action involved
in tillage and traction. Energy and water balance in
the soil-plant system. Plant structure and growth. En
gineering and management requirements.
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3060. ANALYSIS IN AGRICULTURAL ENGI
NEERING. (4 cr; prereq IT student, CSci 3101 or
equiv, Math 3211; 41ect hrs per wkJ
Introduction to probability. Normal and other fre
quency distributions. Elementary statistics with ap
plications to problems in agricultural engineering.
Engineering economics and benefit cost analysis.

3970. DIRECTED STUDIES IN AGRICUL·
TURAL ENGINEERING. (Cr ar; prereq #)
Independent study oftopiC(s) involving physical prin
ciples as applied to agricultural production and land
resources.

5050. INTERN REPORTS. (2 cr per qtr; prereq IT
student)
Required ofstudents in the engineering intern pro
gram during the employment periods.

5060. PROCESSING. (4 cr; prereq IT upper division
or grad IT major, 3052, ME 5342; 3 lect and 3 lab hrs
perwk)
Size reduction, cleaning, and conveying ofagricul
tural products. Properties of air, water vapors. and bi
ological materials. Engineering principles of moisture
and heat transfer applied to drying of grain crops.
Theory and application of refrigerated and controlled
atmosphere storage.

5070. AUTOMATIC CONTROL AND INSTRU·
MENTATION. (4 cr; prereq IT upper division or grad
IT major; 3060, EE 3000 or EE 3002; 2lect and 41ab
hrs perwk)
Control ofmachines and processes. Linear feedback
control. Linking of physical and biological control sys
tems. Instrumentation for control systems and indus
trial development studies.

5072. FINITE ELEMENT METHOD: FUNDA·
MENTALS AND APPLICATIONS. (4 cr; prereq IT
upper division or grad IT major, differential equations
and sr status or #; 4 lect hrs per wk)
Basic theory and principles of implementation of the
finite element method for a number offundamental
engineering areas. Applications in heat transfer, fluid
mechanics, solid mechanics, radial and axisymmetric
field problems, and time-dependent field problems.

5074. MICROCOMPUTER INTERFACING. (4 cr;
prereq IT upper division or grad IT major, AgET 3030
or CSci 3101 or CSci 3102; 2lect and 4lab hrs per wkl
Introduction to digital components, integrated circuits
and microcomputers. Interfacing ofmicrocomputers
for data acquisition and control.

5081,5082,5083,5084. DESIGN. (4 cr per qtr; pre
req IT upper division, completion ofappropriate AgEn
sr level courses or #; 1 leet and 61ab hrs per wk)
An engineering design project in the student's interest
area(s), integrating previous work and covering the
whole range of the design process from conceptualiza
tion through preparation of the project report. 5081:
Power and machinery. 5082: Soil and water. 5083:
Structures and environment. 5084: Food engineering.
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5130. FOOD ENGINEERING. (4 cr; prereq IT upper
division or grad IT major, thermodynamics, 3060 or ~t;

41ect hrs per wk)
Fundamental requirements for handling food prod
ucts. Separation processes in the food industry. Stor
age offoods. Optimization techniques, experimental
design, project management methods, and engineer
ing economics for the food industry.

5140. THERMAL PROCESSES FOR FOOD. (4 cr;
prereq IT upper division or grad IT major, heat trans
fer, 5060 or #; 3lect and 3 lab hrs per wkl
Engineering principles ofthermal processing offood,
pasteurization, microwave heating, heat exchange,
evaporation, refrigeration and freezing. Process de
sign and evaluation.

5191·5192. SPECIAL PROBLEMS IN AGRICUL·
TURAL ENGINEERING. (2-5 cr per qtr; prereq #)
Individual study project at an advanced level involv
ing application ofengineering principles to a specific
problem.

5330. AGRICULTURAL MACHINERY. (4 cr; prl'
req IT upper division or grad IT major, and knowled!:e
of actions of agricultural mechanisms as assessed by
instructor; 3lect and 3 lab hrs per wkJ
Principles ofoperation and performance characteris..
tics ofagricultural machines. Forces operating on se
lected machine components. Control systems, design
for operator convenience and safety. Machinery selee
tion and management. Design ofmachine elements
and assemblies. Motion analysis.

5340. AGRICULTURAL TRACTORS. (4 cr; prereq
IT upper division or grad IT major, ME 3301; 3lect
and 3 lab hrs per wk)
Engineering principles governing performance of
tractor and implement systems. Transmission design,
hydraulic control systems, terramechanics, eronom
ics, thermodynamics of diesel engines.

5540. EROSION CONTROL WATERSHED EN
GINEERING. (4 cr; prereq IT upper division or grad
IT major, 3052 or CE 3300, CE 5401 or #: 31ect and 3
lab hrs per wk)
Measurement and mechanics of watershed runoffand
soil erosion. Estimating peak runoff, soil losses, and
sediment yields. Environmental effects. Principles of
small watershed planning for flood control, water stor
age, and sediment control. Hydraulic design ofgraded
and storage type terraces, grass waterways, diver
sions, and erosion control structures.

5550. DRAINAGE AND IRRIGATION ENGI·
NEERING. (4 cr; prereq IT upper division or grad IT
major, 3052 or CE 3300, CE 5401 or #; 3 lect and 3 lab
hrs per wk)
Flow of water through agricultural soils. Irrigation
and drainage requirements, salinity control, evapo
transpiration, water supply development and control.
Conveyance ofdrainage and irrigation waters. Con..
siderations for design, layout, and construction of irri
gation and drainage systems. Institutional,
environmental, and economic aspects of soil moisture
control.



5730. AGRICULTURAL STRUCTURES DE
SIGN. (4 cr; prereq IT upper division or grad IT major,
3052, AEM 3016; 3 lect and 3lab hrs per wk)
Buildings and materials used in agricultural produc
tion. Static, live, snow and wind loads. Codes and
standards. Costs. Concrete formulation, quality, test
ing, footings, columns, beams, slabs. Wood terminol
ogy and characteristics, plywood, fasteners,
protection. Systems, planning and interaction of
buildings with agriculture production.

5740. ENVIRONMENTAL CONTROL FOR
AGRICULTURAL PRODUCTION. (4 cr; prereq IT
upper division or grad IT major, ME 5603; 3lect and 3
lab hrs per wkl
Ventilation, insulation, and condensation control in
enclosed plant and animal production structures. Bio·
logical constraints upon the system. Temperature, hu
midity,light, and contaminants, e.g., dust, noxious
gases, and pathogens. Simulation ofweather phenom
ena for prediction of environmental conditions.

5910. AGRICULTURAL WASTE MANAGE
MENT ENGINEERING I. (4 cr; prereq IT upper di
vision or grad IT major, 3052, Chem 1005; 3lect and 3
lab hrs per wk)
Sources and characteristics of agricultural wastes in
cluding animal manures, crop residues, sediments,
processing wastes, and domestic wastes. Effects on the
environment. Sanitary collection, storage, treatment,
and disposal. Utilization ofliquid and solid wastes.
Nonurban water supply and quality.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8072. INSTRUMENTATION FOR AGRICUL
TURAL RESEARCH

8100. SEMINAR

8140. AGRICULTURAL ENGINEERING SIMIL
ITUDE

8190,8191,8192. ADVANCED PROBLEMS
AND RESEARCH

8500. HYDROLOGIC MODELING-SMALL WA
TERSHEDS

8700. MOISTURE AND HEAT TRANSFER

Architecture (Arch)
1010. INTRODUCTION TO ARCHITECTURE
DRAWING. (4 cr; 8 lab hrs per wkJ
Basic drawing techniques, freehand drawing and
sketching, perspective, shades, and shadows.

1021£. HISTORY OF ARCHITECTURE. (4 cr, §LA
1021; 4lect hrs per wk)
Introduction to history and theory ofarchitecture.
Survery ofarchitecture from ancient through modern
periods.

Architecture

1022w. HISTORY OF LANDSCAPE ARCHITEC
TURE. (4 cr, §LA 1022; 4lect hrs per wkJ
Introduction to history and theory oflandscape archi
tecture. Survey of landscape architecture from ancient
through modern periods.

10238. HISTORY OF CITIES. (4 cr, §LA 1023; 4lect
hrsperwkl
Introduction to history and theory ofurban design.
Survey of urban design from ancient through modern
periods.

1041-1042·1043. ARCHITECTURAL GRAPHICS.
(2 cr per qtr; restricted to students in pre-architecture
and architecture...others #; 21/2 lab hrs per wkl
The skills, media, and techniques ofarchitectural
graphics communication, including perspective sys
tems, shade and shadow, color, freehand drawing, and
organizing presentation material.

300lf. ENVIRONMENTAL DESIGN: PEOPLE
AND ENVIRONMENT. (4 cr, §LA 3001)
Interaction ofpeople and their environment using the
disciplines of the natural and social sciences and the
arts as resource background for readings, lectures,
discussions, and workshop sessions.

3002w. ENVIRONMENTAL DESIGN: TOOLS
AND PROCESSES. (4 cr, §LA 3002; prereq 3001)
The nature and effects ofvarious tools and processes of
environmental change ranging from buildings and
landscapes to economic policies, climate, and myths.
Readings,lectures, discussions, and workshop ses
sions.

30038. ENVIRONMENTAL DESIGN: IMPLE
MENTATION AND EVALUATION. (4 cr, §LA
3003; prereq 3002)
Design projects, discussions, and readings exploring
personal abilities to implement and evaluate environ
mental change.

3061-3062. BUILDING SYSTEMS. (4 cr per qtr;
prereq Arch major or adult special, 3081 or ~3081 or
#; 41ect hrs per wk)
Building systems, subsystems, and components; prin
cip les of structural theory; materials and methods
used in building; new and developing technologies.

3064-3065. ENVIRONMENTAL MANAGEMENT
AND CONTROL. (5 cr per qtr; prereq Arch major or
adult special, 3062, 3083 or #; 4lect hrs per wk)
Environmental-mechanical considerations including
comfort technology, space habitability, climate, psy
chomet rics, control and management systems; waste
management including plumbing systems and waste
disposal techniques. Electrical systems, energy, power
distribution and machinery; lighting systems, physi
ology of seeing, light sources and control; spatial
acoustics, noise barriers, absorption.

3067. INTEGRATED DESIGN SYSTEMS. (4 cr; 2
lect and 2seminar hrs per wkl
Introduction to integrated design systems; systems
approach to defining environmental problems and
managing multidisciplinary inputs; analysis of alter
native solutions; computer graphics including ele
ments of equipment and interactive modes ofuse.
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3081-3082-3083. ARCHITECTURAL DESIGN. (6
cr per qtr; prereq Arch major or adult special, 6; 18
lab hrs per wkJ
Perceptual and conceptual aspects of the physical en
vironment. Fundamentals ofarchitectural design and
design methodology. Architectural drawing. Model
making.

3091-3092-3093. ARCHITECTURAL DESIGN. (6
cr per qtr; prereq Arch major or adult special, 3083; 18
lab hrs per wk)
Architectural problems with emphasis on develop
ment ofstructures as an integral part ofdesign; site
planning; design process.

3970. DIRECTED STUDY. (Cr ar; prereq #)
Areas ofstudy useful to individual program objectives
not available in regular course offerings.

5051. ANCIENT ARCHITECTURE. (4 cr; prereq
1021; 31ect and 1 seminar hrs perwk)
History ofdevelopment of architecture and urban de
sign in Egypt, Mesopotamia, Crete, Mycenae, and
classical Greece and Rome until the advent of Chris
tianity.

5052. EARLY MEDIEVAL ARCHITECTURE. (4
cr; prereq 1021; 31eet and 1 seminar hrs per wkJ
History of the development ofarchitecture and urban
design during early Christian, Byzantine, Islamic,
Carolingian, and Romanesque periods in the Near
East and Western Europe until A.D. 1150.

5053. GOTHIC ARCHITECTURE. (4 cr; prereq
1021; 3 lect and 1 seminar hrs per wk)
History ofdevelopment of architecture and urban de
sign in Western Europe from A.D. 1150 until 1400.

5054. RENAISSANCE AND BAROQUE ARCHI
TECTURE. (4 cr; prereq 1021; 31ect and 1 seminar
hI's per wk)
History ofdevelopment ofarchitecture and urban de
sign in Italy, Spain, France, Germany, and the Low
Countries from 1400 until the French Revolution.

5055. ENGLISH AND EARLY AMERICAN AR
CHITECTURE. (4 cr; prereq 1021; 31ect and 1 semi
nar hrs per wk)
Pre-Columbian civilizations and development of ar·
chitecture and urban design in America and England
from 1500 until 1800.

5056. MODERN ARCHITECTURE. (4 cr; prereq
1021; 31ect and 1 seminar hrs per wk)
History ofdevelopment ofarchitecture and urban de
sign in Europe and America from early 19th century
until World War II.

5057. ASIAN ARCHITECTURE. (4 cr; prereq 1021;
3 lect and 1 seminar hrs per wk)
Selected topics from the history of architecture and ur
ban design in West, South, and East Asia.

5061. CONTEMPORARY ARCHITECTURE. (4
cr; prereq Arch major, 1022,3083, or #; 3 lect and 1
seminar hrs per wk)
Developments, theories, and stylistie movements in
architecture from World War II to the present time.
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5101,5102,5103. TUTORIAL WORK IN HIS·
TORY OF ARCHITECTURE. (4 cr; prereq 12 upper
division cr in history or #; 1 conf and 5 research hI'S
perwk)
Reading and written reports on special historical
problems.

5104. SEMINAR: EUROPEAN ARCHITEC·
TURE. (4 cr; prereq 5056 or 5061 or #; 4 seminar hI'S
perwkl
Contemporary architecture from the beginning of
modern movement until the present time with empha
sis on the contributions ofAugust Perret, Peter
Behrens, Walter Gropius and the Bauhaus, Le Cor
busier, and the early work ofMies van der Rohe.

5105. SEMINAR: SCANDINAVIAN ARCHITEC
TURE. (4 cr; prereq 5056 or 5061 or #; 4 seminar h,rs
perwkJ
Survey ofScandinavian architectural history with
emphasis on the origin and development ofmodern ar
chitecture in Denmark, Finland, Norway, and Swe··
den.

5106. SEMINAR: AMERICAN ARCHITEC
TURE. (4 cr; prereq 5056 or 5061 or #; 4 seminar hrs
perwkJ
Contemporary architecture in the United States from
the period ofHenry Hobson Richardson until the
present time and including the contributions ofLouis
H Sullivan, Frank Lloyd Wright, Eliel and Eero
Saarinen, Walter Gropius, Mies van der Rohe, Louis
Kahn, Ralph Rapson, Robert Venturi, Frank Gehry,
Michael Graves, and others.

5111-5112-5113. ARCHITECTURAL DESIGN. (6
cr per qtr; prereq ITArch major, 3093, 3064-3065 or
~3064-3065,CE 3600-3601-3602 or ~CE 3600-3601
3602; 18 lab hI'S per wk)
Advanced architectural problems ofcomplex require
ments, involving thorough study and detailed solu
tion; electrical and mechanical equipment as well as
structure as an integral part ofdesign; research tech
niques and design process. Individual effort and group
collaboration.

5115-5116. STRUCTURE AND FORM IN ARCHI
TECTURE. (4 cr per qtr; prereq Arch major or IT
grad, 3093, CE 3602; 21ect and 3 seminar hrs per wk)
Form as an interface between programmatic require
ments for environmental change and the physical
means available to the architect; physical parameters
ofstatics, mechanics ofsolids, and three-dimensional
manipulation of material to arrive at logical solutions
for given problems ofenclosing space; architectural
morphology studied through contemporary and an
cient examples and experimental work on models;
modular and proportional relationships.

5121-5122. ARCHITECTURAL DESIGN. (6 cr per
qtr; prereq Arch major, 5113 and CE 3602; 27 lab hrs
perwk)
Building design and development in the urban con·
text. Individual and collaborative effort; survey Emd
analysis ofurban problems, reporting and preparation
ofJarge-scale proposals; design process.



5123. ARCHITECTURAL THESIS. (12 cr; prereq
5122, submission of a definitive thesis plan during qtr
prior to thesis writing and 800 hrs ofpractical experi
ence; 36 lab hrs per wk)
Individual choice, study, and solution of an architec
tural problem to demonstrate proficiency in all phases
of design.

5126. PROFESSIONAL PRACTICE. (4 cr; prereq
3rd-yr design, or ~3rd-yrdesign; Arch major or adult
special; two 2-hr seminars per wk, field trips)
Relations ofarchitect to clients, contractors, and fel
low practitioners; procedures of architectural practice;
preparation of contract documents.

5127,5128. LAW FOR ARCHITECTS. (4 cr per qtr;
prereq 3093 or 6; 2 lect hrs per wk)
Legal subject matter relevant to the work of architects
and design professionals.

5129. LAW FOR ARCHITECTS SEMINAR. (4 cr;
prereq Arch major or adult special, 3093 and 5128 or
#; 4 hrs per wk)
Third course in series. Case studies oflegal subject
matter relevant to the work ofarchitects and design
professionals; individual research assignments.

5137. PLANNING: URBAN FUNCTION AND
STRUCTURE. (4 cr; prereq #)
Economic, technological, and social factors that
underlie the location, distribution, and internal
structure of urban settlements. Quantitative and
qualitative analysis of social, economic, and phy
sical problems or consequences of contemporary
urbanization.

5138. PLANNING: THEORY AND METHODOL
OGY. (4 cr; prereq 5137 or #)
Logic of a planning process as a method of decision
making. Formulation of goals and evaluation of alter
native courses ofaction, standards, and requirements
for specific planning objectives (housing, transporta
tion, and community facilities). Legal, administrative,
and fiscal devices for plan implementation. The place
of the planning function in government and the role of
citizens and private groups.

5141. HISTORIC PRESERVATION PROCESS.
(4 cr; prereq 1021 or #; 4lect hrs per wkl
Philosophy and theory of historic preservation,
historic origins, descriptive analysis of bUildings,
building documentation, technology ofbUilding con
servation, historical archaeology, economic consider
ations, preservation law, guidelines for preservation,
neighborhood conservation, international preserva
tion, and case studies of representative preservation
projects.

5142. HISTORIC BUILDING RESEARCH AND
DOCUMENTATION. (4 cr; prereq 5141 or #; 2lect
and 2 lab hrs per wk)
Philosophy, theory, and methods ofhistoric building
research, descriptive analysis of buildings, building
documentation, historical archaeology and architec
tural taxonomy.

Architecture

5143. HISTORIC BUILDING CONSERVATION.
(4 cr; prereq 5141 or #; 2lect and Zlab hrs per wk)
Historic building systems, materials and methods for
their conservation; introduction to use of contempo
rary systems in historic bUildings.

5155. URBAN DEVELOPMENT PROCESS. (3 cr;
prereq #)
History of urban development programs in the United
States including urban renewal, new communities
and community development, review ofrelevant legis
lation; economics and politics of the urban develop
ment process.

5156. URBAN DEVELOPMENT PROCESS. (3 cr;
prereq #)
Comparative study of major urban development
projects drawing upon American and European expe
rience. The process through which development
projects are planned and carried out.

5170. CITYSCAPE. (3 cr; prereq 3093 or #; hrs ar)
The city and its components as aesthetic elements.
Factors that have helped to generate urban form.

5171,5172. URBAN FORM. (3 cr per qtr; prereq
Arch major or adult special, 5137 or #)
Theory, principles, and methodology involved in ur
ban design.

5173. ENERGY AND URBAN FORM. (3 cr; prereq
Arch major or adult special, 5171 or #; 3 lect hrs per
wk)
The role ofenergy as a determinant ofurban form.

5850. TOPICS IN THEORY. (2 cr; prereq Arch ma
jor or adult special, #)
Special topics in architecture examined in a philo
sophical and theoretical context.

5852. ARCHITECTURE: THEORY AND PHI
LOSOPHY. (3 cr; prereq Arch major or adult special,
3093 or #; 2lect hrs per wkl
Architecture examined within a general philosophical
context: its nature, role, purpose, meaning; its defini
tion; and its mode of operation as a discipline and in
relation to other fields.

5853. ARCHITECTURE AS THOUGHT AND DE
SIGN PROCESS. (3 cr; prereq Arch major or adult
special, 3093 or #; Zlect hrs per wkl .
Architecture as a thought, creative, and transforma
tional process; underlying attitudes, paradigms, mod
els, and strategies and tools, and their potential,
limitations, implications, formal outcome, and mean
ing.

5854. THE LANGUAGE OF ARCHITECTURE:
SEMIOTICS, SYMBOLISM, AND METAPHOR.
(3 cr; prereq Arch major or adult special, 3083 or #; Z
lect hrs per wk)
Communicative dimensions of architecture, especially
as they relate to linguistic analogies. Broad historical
perspective including current aspects of subject.
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5855. TYPOLOGY AND ARCHITECTURE: THE
ORIES OF ANALYSIS AND SYNTHESIS. (3 cr;
prereq Arch major or adult special, 3083 or #; 2lect
hrsperwk)
Theoretical traditions and development of the use of
typology in architecture. Works ofLaugier, Qua
tremere De Quincy, Viollet-Le-Duc, Ledoux, Durand,
Camillo Sitte, and Le Corbusier. Recent developments
and theoretical positions of the "neo rationalist" and
"contextual" arguments for contemporary applica
tions of typology.

5856, ARCHITECTURE: FORM AND MEAN·
lNG, (3 cr; prereq Arch major or adult special, 3093 or
#; 2lect hrs per wk)
Architectural form, order, and meaning relative to ar
chitecture as an aesthetic, social, environmental, and
technical object. Current theories and concepts; their
potential and implications.

5950. TOPICS IN ARCHITECTURE. (Cr ar; pre
req 3093 or #)
Special topics ofconcern to the field of architecture.

5951. ARCHITECTURE AND BEHAVIOR. (3 cr;
prereq Arch major or adult special, 3083 or #; 4leet
hrsper wk)
The relation between people and built environments:
theoretical basis for exchange between designers and
behavioral scientists, impact ofknowledge ofbehavior
on design process (design/evaluation/programming cy
cle), behavioral findings, problems of implementation.
Guest lecturers and reading of materials from related
disciplines.

5952. PROGRAMMING FOR ARCHITEC
TURAL DESIGN. (3 cr; prereq Arch major or adult
special, 3093 or #; 3lect hrs per wk)
Principles ofprogramming explored through case
study method. Guest lecturers discuss how principles
are applied in architectural practice. Students develop
program for a specific academic design problem: ex
amination of precedents, site selection, function anal
ysis and relationship diagrams, assumptions
examination, form options, and design directives.

5953. HOUSING AND VALUES. (3 cr; prereq upper
division or grad student; 3lect/discussion hrs per wk)
Meanings and values attached to housing in different
cultures, at various stages in the life cycle, and in dif
fering climatic situations. Impact ofhousing heritage
on housing choice, and potential impact of emerging
constraints (such as energy availability) on current
and future housing decisions.

5954. ARCHITECTURE AND BEHAVIOR RE·
SEARCH METHODS. (3 cr; prereq Arch major or
adult special, 3083 or #; 4lect hrs per wk)
Use ofbehavior research in architectural practice:
evaluation ofbuildings, architectural programming
methods, application offindings in architectural de
sign. Students design and implement a small behav
ioral research project.
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5958. ENERGY AND ARCHITECTURE. (4 cr; pre
req Arch major or adult special, 3093 or #; 2lect and 2
lab hrs per wk)
Relationship of conservation, passive solar, and active
solar strategies in design ofsmall buildings. Exercises
and case studies provide hands-on experience with
systems, calculating techniques, and evaluative met.h
ods as a basis for understanding space-heat require
ments.

5959. LIGHTING DESIGN TECHNIQUES. (2 cr;
prereq Arch major or adult special, 3083 or #; 2lab
hrsperwk)
Design ofarchitectural lighting effects to enhance
perception and give direction to space through prac
tice drawing and modeling skills exercises.

5961. COMPUTER-AIDED ARCHITECTURAl,
DESIGN. (4 cr; prereq Arch major, 3083 or #; 2leet.
and 21ab hrs per wk)
Introduction to computing and PASCAL program
ming. Methods in Computer-Aided Architectural De
sign; methods, hardware, software, problems, and
potentials of CAAD; weekly lab projects using Terak
microcomputers as a design tool.

5962. COMPUTER·AIDED ARCHITECTURAL
DESIGN. (4 cr; prereq 5961 or #; 2lect and 2 lab hrs
perwk)
Applications ofprinciples and practice ofcomputer··
aided design and drafting in architecture.

5970. DIRECTED STUDIES. (Cr ar; prereq #)
Areas of study useful to individual program objectives
but not available in regular course offerings.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8201,8202,8203. SPECIAL RESEARCH IN All·
CHITECTURAL HISTORY

8231,8232,8233. PLANNING

8251,8252,8253,8254,8255,8256. ARCHITEC·
TURALDESIGN

8261,8262,8263. SELECTED PROBLEMS IN AR·
CHITECTURE

8271,8272,8273,8274,8275,8276. PROBLEMS IN
CITY AND COMMUNITY DESIGN

Astronomy (Ast)
1011. DESCRIPTIVE ASTRONOMY. (4 cr, §1021;
4 lect hrs per wk)
The sun, the moon, the planets and their motions,
stars and stellar systems, galaxies and cosmology.
Nonmathematical.

1015. DESCRIPTIVE ASTRONOMY LABOHA·
TORY. (1 cr, §1025; prereq high school algebra; high
school trigonometry recommended; 1 lab hr per wk)
Laboratory offered in conjunction with 1011. Only op
portunity to observe with telescope. Occasional night
time observing sessions required.



1021H. INTRODUCTION TO ASTRONOMY. (4
cr, §1011; prereq high school trigonometry and
physics or chemistry; 4 lect hrs per wk)
Solar system, stars, galaxies, and cosmology. A more
mathematical and physical discussion than 1011.

1025H. INTRODUCTION TO ASTRONOMY
LABORATORY. (l cr, §1015; prereq high school al
gebra, trigonometry, and physics or chemistry; 1 lab
hrperwk)
Laboratory offered in conjunction with 1011 or 1021H.
Only opportunity to observe with telescope. Occa
sional nighttime observing sessions required. A more
mathematical and physical discussion than 1015.

1201. TOPICS IN MODERN ASTROPHYSICS. (4
cr; prereq 1011 Or 1021 or equiv, #)
Current research problems in astronomy and astro
physics. Discussion and participation by class mem
bers. Nonmathematical.

3051. INTRODUCTION TO ASTRONOMY AND
ASTROPHYSICS. (4 cr; prereq 1 yr calculus and
Phys 1106 or 1291 or #)
The solar system, stellar systems, galaxies and extra
galactic universe. How information is obtained; con
clusions that can be inferred from observations
through applications ofelementary physics to astro
nomical problems.

3970. DIRECTED STUDIES. (l-5 cr; prereq #, 6)
Independent, directed study in observational and the
oretical astrophysics areas arranged by student with
faculty member.

5161. ASTROPHYSICS OF DIFFUSE MATTER.
(4 cr; prereq 3051 and Phys 5024 or #)
Survey ofphysical processes in diffuse matter-gas
dynamics, MHD, excitation processes, and equilibria
in atoms and molecules. Emission and absorption by
gas and dust. Dynamical processes in interstellar
space, HIl regions, and molecular clouds.

5162. STARS & STELLAR EVOLUTION. (4 cr;
prereq ~051, Phys 3513 or 3501 or #)
Survey'ofstars and stellar evolution. Stellar atmo
spheres, structure and evolution of single stars. White
dwarfs, neutron stars, black holes, novae and superno
vae, Formation ofstars,

5163. GALACTIC ASTRONOMY AND THE IN
TERSTELLAR MEDIUM. (4 cr; prereq 3051 or #)
Survey of structure, kinematics, and evolution of
Milky Way Galaxy and its constituents. stars. star
clusters, and interstellar medium, Emphasis on ob
served properties of the Galaxy.

5164. EXTRAGALACTIC ASTRONOMY. (4 cr;
prereq 5163 or #)
Structure and evolution of external galaxies, Classifi
cation, stellar and gaseous contents, kinematics and
dynamics, extragalactic distance scale, clusters.
galactic nuclei and associated activity.

Astronomy

5165. COSMOLOGY. (4 cr; prereq Phys 3513 or #)
Large-scale structure and history of Universe. Intro
duction to Newtonian and relativistic world models,
Big Bang model, microwave background, physics of
early Universe; cosmological tests, measurement of
Hubble constant and deceleration parameter, galaxy
formation.

5321. RADIATION PROCESSES IN ASTRO
PHYSICS. (4 cr; prereq Phys 5024, 5102 or #)
Physics of radiation by atoms and molecules. Radia
tion by energetic charged particles and plasma emis
sion processes. Emission and absorption of radiation
by solid particles. Transfer ofcontinuum radiation
and formation of spectral lines. Application to various
astrophysical environments,

5362. STELLAR ASTROPHYSICS. (4 cr; prereq
5321 or #)
Theory of stellar structure and evolution. Basic
physics and equations of stellar structure. Application
to stellar interiors and atmospheres. Nucleosynthesis.

5421. HIGH ENERGY ASTROPHYSICS. (4 cr;
prereq 3051, Phys 5024, 5101 or #)
Study of energetic phenomena in the Universe. Super·
novae, pulsars, radio, and X-ray stars. Radio galaxies
and quasars. Acceleration ofhigh energy particles,
Observational basis and current theoretical under
standing.

5970. DIRECTED STUDIES. (l-5 cr; prereq #,6)
Independent, directed study in observational and the
oretical astrophysics in areas arranged by the student
with a faculty member. Primarily intended for senior
astrophysics majors.

5990. DIRECTED RESEARCH. (3 cr minimum;
prereq #,6)
Independent research in observational or theoretical
astrophysics under the direction of a faculty member,
Intended for senior astrophysics majors.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8200." SEMINAR: ASTROPHYSICS AND
SPACE PHYSICS

8481,8482,8483." TOPICS IN ASTROPHYSICS

8990. RESEARCH IN ASTRONOMY AND AS
TROPHYSICS

Phys 8081-8082." GENERAL RELATIVITY

Phys 8161.* ATOMIC AND MOLECULAR
PHYSICS

Phys 8163-8164" PLASMA PHYSICS

Phys 8400." SEMINAR: COSMIC RAY AND
SPACE PHYSICS

Phys 8411-8412." COSMIC RAY AND SPACE
PHYSICS

Phys 8421-8422." SOLAR AND MAGNETO
SPHERIC PHYSICS
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Chemical Engineering (ChEn)
3090,3091,3092. INDUSTRIAL EMPLOYMENT.
(1-2 cr depending on duration ofemployment and
charaeter ofprofessional training received)
Employment with chemical industry, opportunity for
professional training in chemical engineering. Report
covering work period required.

5001. COMPUTATIONAL METHODS IN CHEM·
ICAL ENGINEERING. (4 cr; 3lect, 1 computer lab
hr per wk)
Introduction to analysis of representative chemical
engineering problems by computer and mathematical
methods.

5101. PRINCIPLES OF CHEMICAL ENGI
NEERING I. (4 cr; prereq ChEn or MatS major; 31eet
and 2 rec hrs per wk) Staff
Material and energy balances applied to chemical en·
gineering systems.

5102. PRINCIPLES OF CHEMICAL ENGI·
NEERING II. (4 cr; prereq upper division ChEn or
MatS major, 5101; 3leet and 2 rec hrs per wk) Staff
Fluid dynamics and its applications to chemical engi
neering unit operations.

5103. PRINCIPLES OF CHEMICAL ENGI·
NEERING III. (4 cr; prereq upper division ChEn or
MatS major, 5102; 31ect and 2 rec hrs per wk) Staff
Heat and mass transfer and its applications to chemi
cal engineering unit operations.

5104. UNIT OPERATIONS AND SEPARATION
PROCESSES. (4 cr; prereq upper division ChEn or
MatS major, 5102; 31eet and 2 rec hrs per wk) Staff
Absorption, extraction, distillation, stagewise and
continuous separations.

5201. THERMODYNAMICS AND MATERIAL
STATES. (4 cr; prereq upper division ChEn or MatS
major, 5101, Chern 5534 or #; 3 leet and 2 rec hrs per
wk) Staff
Principles of thermodynamics applied to closed and
open systems and to equilibrium states ofhomoge
neous and heterogeneous substances, gases, liquids,
and solids.

5202. CHEMICAL ENGINEERING THERMO
DYNAMICS AND KINETICS. (4 cr; prereq upper
division ChEn or MatS major, 5201; 31ect and 2 rec
hrs per wk) Staff
Chemical equilibrium and chemical kinetics applied
to chemical engineering systems.

5301. CHEMICAL REACTOR ANALYSIS. (4 cr;
prereq upper division ChEn or MatS major, 5202; 3
leet and 2 rec hrs per wk) Staff
Principles of reactor design for homogeneous and het
erogeneous reactions. Analysis of reactors from a ki
netic and thermodynamic point of view.
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5302. APPLIED REACTOR ANALYSIS. (4 cr; pre·
req 5301 or equiv)
Practical chemical reaction systems and the reactors
for them. Catalysis and its role in the chemical indus
try. Analysis of functioning chemical reaction systems
involving ammonia synthesis, polymerization reac
tors, combustion, and sulfur dioxide removal.

5401-5402·5403. CHEMICAL ENGINEERING
LABORATORY. (2 cr per qtr; prereq upper division
ChE or MatS major; 41ab and 1 lab conf hrs per wk)
Applications ofunit operations; principles of fluid
flow, heat and mass transfer; experiments and re
ports.

5501. PROCESS EVALUATION AND DESIGN.
(4 cr; prereq upper division ChEn, MatS, major, or #; 3
lect and 3 design lab hrs per wk) Staff
Dynamics ofchemical engineering industries, eco
nomics ofprocess evaluation, bases for cost estima
tions. Plant designs prepared and compared with
actual installations. Special applications ofunit oper
ations, reaction kinetics, and thermodynamics.

5502. PROCESS EVALUATION AND DESIGN.
(4 cr; prereq upper division ChEn, MatS, major, 5501
or #; 3lect and 2 design lab hrs per wk)
(Continuation of5501) Computer-aided design of unit
operations, chemical reactors and integrated plants;
operability characteristics of chemical processes; de
sign for optimum operability (safety, reliability, con
trol).

5601. PROCESS CONTROL. (4 cr; prereq upper di·
vision ChEn, MatS, major, or #; 3leet and 2 rec hrs
perwk)
Elementary theory of control and its application to
chemical processes. Synthesis offeedback control
loops for linear systems.

5603. PROCESS CONTROL. (3 cr; prereq 5601 or
#; 3 lect hrs per wk)
Advanced topics in chemical process control; synthesis
ofcontrol structures; multivariable control schemes,
optimal control and estimation; computer-aided real·
time process control.

5604. PROCESS CONTROL LABORATORY. (2
cr; prereq 5601)
Experiments designed to illustrate and apply control
theory. Measurement techniques, calibration, tunini:
of controls, characterization ofsensors and control cir
cuits.

5640. POLYMERIZATION REACTOR ENGI·
NEERING. (4 cr [available to grad students for 3 cr];
prereq chemical engineering reactor design course 0]'

#; 3 leet and 1 ar lab hr per wk)
Introduction to analysis and design ofpolymerization
reactors. Topics include mathematical modeling tech
niques, chain-growth and step-growth polymerization,
copolymerization, molecular weight distributions,
composition and sequence distributions. Emphasis on
application of results. Laboratory offers experience
with polymerization processes and molecular weight
measurements.



5751. BIOCHEMICAL ENGINEERING I. (3 cr;
prereq grad student or sr in ChEn or #; 31ect hrs per
wk)
Applications ofmaterial and energy balances and con
cepts from thermodynamics, kinetics, and transport
phenomena to cellular and enzyme systems.

5752. BIOCHEMICAL ENGINEERING II. (3 cr;
prereq BioI 5001, grad student or sr in ChEn or #; 3
lect hrs per wk)
Engineering analysis and design of cellular and en
zyme systems for production of chemical commodities.

5753. BIOCHEMICAL ENGINEERING Ill. (3 cr;
prereq Bioi 5001, grad student or sr in ChEn or #; 3
lect hrs per wk)
Description and analysis ofmethods ofseparation-uf
biochemical products of cellular and enzyme activity;
applications to process synthesis.

5754. FOOD PROCESSING TECHNOLOGY. (4
cr; prereq 5103 or #; 31eet hrs per wk)
Heat transfer in food processing; protein processing;
financial evaluation ofprojects; case studies; discus
sions of marketing, government regulation, nutrition.

5756. BIOCHEMICAL ENGINEERING LABO·
RATORY. (2 cr; prereq ChEn 5751 or 5752; 41ab hrs
perwk)
Laboratory projects involving studies ofmicrobial
growth; biochemical product forma tion, isolation, and
purification; medium sterilization.

5757. PRINCIPLES OF ARTIFICIAL INTER
NAL ORGAN DESIGN. (3 cr; prereq #; 3leet hrs per
wk)
Survey of those artificial internal organs important in
the maintenance ofhomeostasis with emphasis on the
general principles and particular problems involved
in their design, including blood compatibility, access.
and alternative approaches to replacing natural organ
functions.

5761. FLOW OF FLUIDS IN POROUS MEDIA
WITH APPLICATIONS TO OIL RECOVERY. (3
cr; 3 lect hrs per wk)
Survey offluid mechanics, interfacial phenomena,
transport processes, and statistical aspects, with ap
plication to petroleum production and chemical and
thermal processes ofenhanced recovery.

5771. COLLOIDS AND DISPERSONS. (3 cr; pre
req physical chemistry; 3 lect hrs per week)
Preparation, stability, and coagulation kinetics of col
loidal solutions. Topics include DLVO theory, elec
trokinetic phenomena, and properties ofmicelles and
other microstructures.

5780. PRINCIPLES OF MASS TRANSFER IN
ENGINEERING AND BIOLOGICAL ENGI
NEERING. (3 cr; prereq upper div engineering or sci
ence)
Principles of mass transfer in gases, liquids, biological
and macromolecular solutions, gels, solids, mem
branes, capillaries and porous solids. Interaction
between mass transfer and chemical reaction. Appli
cations in biological, environmental, mineral, chemi
cal engineering systems.

Chemical Engineering

5801. AIR POLLUTION CONTROL ENGINEER·
ING. (4 cr; 4lect hrs per wk)
Analysis and design of equipment used to reduce
emission ofgases and particulates. Methods for con
trolling air pollution.

5810. PROCESSING OF ELECTRONIC MATE·
RIALS. (3 cr; 31ect hrs per wk)
Materials science and chemical engineering aspects of
processing of materials for microelectronic devices
(e.g., semiconductor memories, microprocessors) and
optical devices (e.g., semiconductor lasers, optical
wave guides).

5901. CHEMICAL PROCESS LABORATORY. (2
cr; prereq 5301)
Applications of kinetics and heat and mass transfer to
batch and continuous flow reactors.

5902,5903,5904,5905. SPECIAL PROBLEMS. (Cr
ar; 1 confhr per wk, lab hrs ar)
Investigations in chemical engineering. Library or
laboratory research.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8004. PHYSICAL RATE PROCESSES

8005. PHYSICAL RATE PROCESSES

8101. INTERMEDIATE FLUID MECHANICS

8102. PROBLEMS IN FLUID MECHANICS

8104. INTERFACES AND INTERFACIAL PHE
NOMENA

8105. PRINCIPLES AND APPLICATIONS OF
RHEOLOGY

8106. ADVANCED TOPICS IN FLUID ME·
CHANICS AND TRANSPORT PROCESSES

8201-8202-8203. ADVANCED MATHEMATICS
FOR CHEMICAL ENGINEERS

8301·8302. PHYSICAL AND CHEMICALTHER·
MODYNAMICS

8401. CHEMICAL REACTION KINETICS--
KINETICS OF HOMOGENEOUS REACTIONS

8402. CHEMICAL REACTION KINETICS--
SURFACE CHEMISTRY

8403. CHEMICAL REACTION KINETICS--
ADVANCED TOPICS

8500. INTERMEDIATE CHEMICAL REACTOR
ANALYSIS

8501-8502-8503. CHEMICAL RATE PROCESSES
AND REACTOR DESIGN PRINCIPLES

8601-8602-8603. MOLECULAR THEORY OF
EQUILIBRIUM AND NONEQUILIBRIUM PRO
CESSES
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8701. ANALYSIS OF CHEMICAL ENGINEER·
ING PROBLEMS

8702. ADVANCED TOPICS IN CHEMICAL EN·
GINEERING

8703. PROCESS CONTROL

8750. ADVANCED CHEMICAL PROCESS DE·
SIGN

8801·8802·8803. SEMINAR

8850. GENERAL SURVEY OF CHEMICAL EN·
GINEERING

8901,8902,8903. RESEARCH IN CHEMICAL
ENGINEERING

Chemistry (Chern)
High School Chemistry-All course of
ferings are intended for students who
have taken high school chemistry. Com
pletion ofat least one course in high
school chemistry is a prerequisite for
Chem 1004 or 1031. High school chem
istry is recommended preparation for all
other courses, and students who lack this
background will be at a serious disadvan
tage.
Deposit Card-Each student must
present a deposit card for admission to
laboratory sections. See the Class Sched
ule for details.

l00I·I002t. CHEMICAL PRINCIPLES AND CO·
VALENT SYSTEMS. (See CLA Bulletin)

1003. PHYSICAL WORLD, CHEMISTRY. (5 cr,
§any other college chemistry course; prereq 1 yr high
school algebra ... high school chemistry recommended;
a terminal course...cannot be used as prereq for any
other advanced chemistry course; 4lect, 1 rec, 1 2-hr
lab perwk)
Fundamental concepts of chemical bonding, structure
ofmatter, and forces in the physical world. Scientific
methods and principles contribute to understanding of
the environment and problems faced in improving it.
Labs to illustrate.

1004-1005t. GENERAL PRINCIPLES OF CHEM·
ISTRY. (5 cr per qtr, §1001-1002, §1014, §1031-1032;
primarily for non-chemistry majors; prereq placement
index ofY or predicted mathematics GPA of 1.90 on
ACT, Math 0009 or college course in algebra, high
school chemistry or equiv; high school physics and 4
yrs high school mathematics recommended; 4 lect, 1
rec, and 3 lab hrs per wk)
Introduction to chemistry from the standpoint of
atomic structure; periodic properties of elements and
compounds derivable from structural considerations;
laws governing behavior of matter, theories ofsolu
tions, acids, bases and equilibria.
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1006. PRINCIPLES OF SOLUTION CHEM·
ISTRY. (4 cr; prereq 1005 or 1032; 31ect and 4 lab hro,
perwkl
The chemistry of selected cations and anions. Spec
trophotometric, potentiometric, and chromatographic
detection methods. Metal ion studies include system
atics; acid-base principles; influence on the environ
ment; importance in biological systems; formation and
stereochemistry of complexes. Lecture and laboratory.

1008. PHYSICAL WORLD, CHEMISTRY. (4 cr,
§any other college chemistry course; prereq 1 yr high
school algebra; high school chemistry recommended;
a terminal course; cannot be used as prereq for any
other advanced chemistry course)
Fundamental concepts of chemical bonding, structure
of matter, and forces in the physical world. Scientific
methods and principles that contribute to understand
ing the environment and problems faced in improving
it.

1014. CONCEPTS OF CHEMISTRY. (4 cr, §1001
1002, §1004-1O05, §1031-1O32; primarily for engineer
ing majors, non-IT students admitted with special
permission; prereq Phys 1105 or 1281 or #; 41ect hrs
perwk)
Fundamental principles of chemistry. A terminal
course.

1031·1032t. CHEMICAL PRINCIPLES I AND II.
(5 cr, §1001·1002, §1004-1005, §1014; prereq chem
istry or chemical engineering major or # , 4 yrs high
school mathematics, high school chemistry, placement
index ofY or predicted Math GPA of 1.90 on ACTor
Math 0009 or college course in alg£bra; 1 yr high
school physics recommended; 4 lect, 11ab discussion.
one 3-hr lab per wk)
Stoichiometry, development and use ofstructural con
cepts, energetics, geometry of molecules, bonding, and
the behavior of the gaseous and liquid states, the solid
state, theory of solutions, equilibrium, gas and con
densed phases, behavior and nature of the solution
process, acids and bases.

1032H. HONORS CHEMICAL PRINCIPLES II
LABORATORY. (1 cr; prereq U032 and #)
Honors laboratory section to take the place of the labo
ratory in 1032; includes sophisticated and open-ended
chemical experiments for high-achieving students.

1133. ELEMENTARY QUANTITATIVE ANALY·
SIS. (5 cr; prereq 1032; 31ect and two 4-hr labs per
wk)
An introduction to the theory and practice ofchemieal
methods ofanalysis.

3100. QUANTITATIVE ANALYSIS LECTURE.
(3 cr, 3100-3101t; for non-chemistry majors; prereq
1005 or 1032)
Introduction to the theory of quantitative chemical
analysis.

3101. QUANTITATIVE ANALYSIS LABORA·
TORY. (2 cr, 3100·3101 t; for non-chemistry majors;
prereq 3100 or ~3100; 8 lab hrs per wk)
Introductory laboratory in quantitative chemical
analysis.



3301. ELEMENTARY ORGANIC CHEMISTRY I.
(4 cr, §3331; for non-chemistry majors; prereq 1005 or
1032 or equiv; 41ect hrs per wk)
Important classes of organic compounds, both
aliphatic and aromatic, together with some hetero
cyclic compounds.

3302. ELEMENTARY ORGANIC CHEMISTRY
II. (4 cr; prereq 3301, 3305 or ~3305;41ect hrs per wk;
if 3305 is taken concurrently, a passing grade is re
quired for 3305 in order to receive cr for 3302)
Continuation of 3301.

3303. ELEMENTARY ORGANIC CHEMISTRY
III. (4 cr; prereq 3302, 3306 or ~3306;4 lect hrs per
wk; if3306 is taken concurrently, a passing grade is
required for 3306 in order to receive cr for 3303)
Basic principles with emphasis on organic reaction
mechanisms. Intended to coordinate the knowledge
acquired in the preceding two quarters.

3304. ELEMENTARY BIO-ORGANIC CHEM
ISTRY. (4 cr; prereq 3302 or 3332 or equiv)
Synthesis and reactions of important classes or biolog
ically important classes such as lipids, carbohydrates,
amino acids, peptides, proteins, nucleotides, nu
cleosides, and nucleic acids.

3305. ELEMENTARY ORGANIC CHEMISTRY
LABORATORY I. (2 cr; prereq 3301 or ~3301; 1 lab
conf, 4 lab hrs per wk)
Introduces the various techniques utilized in the
preparation of typical organic substances.

3306. ELEMENTARY ORGANIC CHEMISTRY
LABORATORY II. (2 cr; prereq 3302 or ~3302; 1 lab
conf, 41ab hrs per wk)
Introduces the various techniques utilized in the
preparation of typical organic substances.

3331. INTRODUCTORY ORGANIC CHEM
ISTRY I. (5 cr, §3301; for chemistry and chemical en
gineering majors; prereq 1133 or 1 yr college
chemistry; 51ect hrs per wk)
A survey of the important classes oforganic com·
pounds; their constitutions, configurations, and con
formations; the relationship between molecular
structure and chemical reactivity.

3332. INTRODUCTORY ORGANIC CHEM
ISTRY II. (3 cr, 3332-3335t; prereq 3331; 31ect hrs
perwk)
A survey of the reactions oforganic compounds;
nucleophilic substitution and addition; electrophilic
substitution and addition; elimination reactions;
molecular rearrangements; oxidation and reduction.

3333. INTRODUCTORY ORGANIC CHEM
ISTRY III. (3 cr; prereq 3332; 3lect hrs per wkl
Free radical reactions, electrocyclic reactions, photo
chemistry, organic synthesis, heterocyclic compounds,
synthetic polymers, the chemistry of natural products
and life.

3335. INTRODUCTORY ORGANIC CHEM
ISTRY II LAB. (2 cr, 3332-3335t; prereq 3332 or
~3332 [~3332 is recommended]; two 4-hr labs per wk)
A laboratory course to accompany 3332.

Chemistry

3335H-3336H. HONORS INTRODUCTORY OR·
GANIC CHEMISTRY II LAB. (4 cr for sequence;
prereq 3332 or ~3332 and #, Chem, ChEn, BioC mao
jors only)
A laboratory Honors section to accompany 3332.

3336. INTRODUCTORY ORGANIC CHEM
ISTRY III LAB. (2 cr; prereq 3333 or ~3333 [~3333 is
recommended]; two 4- hr labs per wk)
A laboratory course to accompany 3333.

3499. SENIOR THESIS. (Cr ar; prereq 4th yr, #)
Written final senior thesis report.

3970. DIRECTED STUDY. (Cr ar; prereq #)
On- or off-campus learning experiences, individually
arranged between a student and chemistry faculty
member, in areas not covered by regular courses.

3991.3992,3993. SPECIAL TOPICS IN CHEM
ISTRY. (Cr ar; prereq #)
Areas ofcurrent research. Primarily for third- and
fourth-year chemistry majors.

5001-5002. CHEMISTRY CONCEPTS FOR JU·
NIOR HIGH SCHOOLTEACHERS. (4 cr; prereq
secondary school teaching experience, College of Edu
cation student, college general chemistry, or #)
Chemistry fundamentals to augment and expand re
sources ofjunior high science teachers. Emphasis on
demonstration ofchemical ideas by experiments and
selection of chemistry topics appropriate for junior
high students.

5122. ADVANCED ANALYTICAL CHEMISTRY.
(4 cr; prereq 1 yr organic chemistry, course in thermo
dynamics)
Equilibria in aqueous and nonaqueous systems.

5126. MODERN ANALYTICAL CHEMISTRY. (4
cr; prereq ChEn major, 3332 and 3335; 2lect and two
3-hr labs per wk)
Strategies and techniques for solving modern analyti
cal problems. The use of modern instruments in analy
sis.

5127. ANALOG INSTRUMENTATION. (5 cr; pre
req Chem major or grad student, Phys 1291, Math
1231 or equiv or #)
Basic principles ofelectronic circuitry; servo systems,
operational amplifiers, feedback control, oscillators,
and converters for signal processing and control of
chemical measurement systems.

5128. THE SMALL COMPUTER IN THE CHEM
ICAL LABORATORY. (5 cr; prereq 5127 or #; 31ect
and two 4-hr labs per wk)
Applications of the laboratory computer to the control
of chemical instrumentation and acquisition of data.
Hardware (interfacing) and software (assembly lan
guage programming) aspects of automating the chem
ical experiment.

5133. CHEMICAL INSTRUMENTATION AND
ANALYSIS LECTURE. (3 cr; prereq 1133, 5534,
5535, or #)

An introduction to the methodology and practices of
solving analytical problems. The application ofmod
ern instrumental techniques.
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5134. CHEMICAL INSTRUMENTATION AND
ANALYSIS LAB. (2 cr; prereq 5133)
Instrumental techniques including spectroscopic
methods of analysis (visible, UV, ir, atomic absorp
tion, and flame emission l, electrochemical methods of
analysis (potentiometry, polarography, and anodic
stripping), and analyses based on separation (gas
chromatography, liquid-liquid chromatography, and
extraction).

5139, CHROMATOGRAPHY AND SEPARA.
TION SCIENCE. (3 cr without lab, 4 cr with lab; pre
req Chern major or grad student, 5133 and 5134 or
equivor #)
Fundamental and practical aspects ofgas liquid chro·
matography, modern liquid chromatography, and
other techniques used for analysis and separations.

5301. SPECTRAL METHODS FOR ORGANIC
QUALITATIVE ANALYSIS. (4 cr, §8302; prereq
3303 or 3333 or equiv; 3 lect and 1 conf hrs per wkJ
Practical application ofnuclear magnetic resonance,
mass, and ultraviolet and infrared spectral analysis to
solution of organic structural problems.

5302. ORGANIC SYNTHESIS. (4 cr; prereq 3303 or
3333 or equiv and #; 8lab and 2 confhrs per wk)
Reactions of typical functional groups and introduc
tion to modern laboratory methods oforganic synthe
sis.

5305. INTERMEDIATE ORGANIC CHEM·
ISTRY. (4 cr; prereq 3303 or 3333 or equiv; 3lect and
1 rec hrs per wkl
Introduction to various aspects ofphysical organic
chemistry with application to typical chemical prob
lems. Reactions of typical functional groups and intro
duction to modern laboratory methods of organic
synthesis.

5309. APPLICATIONS OF MOLECULAR OR·
BITALTHEORY IN ORGANIC CHEMISTRY. (4
cr; prereq 5536 or Phys 3501 or #)
Application of quantum mechanics to organic reac
tions and photochemistry.

5342. CHEMISTRY OF NATURAL PRODUCTS.
(3 cr; prereq 3303 or 3333 or equiv; offered 1984-85
and alt yrs)
Biosynthesis ofsecondary natural products with em
phasis on alkaloids, terpenes, and acetogenins.

5343. CHEMISTRY OF NATURAL PRODUCTS
(STEROIDS). (3 cr; prereq 3303 or 3333 or equiv; of
fered when demand warrants)
Steroidal hormones, their isolation, proof of structure,
synthesis, and action.

5344. HETEROCYCLIC COMPOUNDS. (3 cr; pre·
req 3303 or 3333 or equiv; offered when demand war
rants)
Typical classes of heterocyclic compounds, their chem
ical and physical properties and uses, synthesis.
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5365. ORGANIC QUALITATIVE ANALYSIS. (4
cr; prereq 3303 or 3333 or equiv; 8 lab and 2 conf hrs
perwk)
Reactions of typical functional groups and introduc
tion to methods of organic structure determination.

5520-5521. ELEMENTARY PHYSICAL CHEM·
ISTRY. (3 cr perqtr; prereq 1 yr college chemistry,
Phys 1291 or ~Phys 1291 or Phys 1106, Math 3211)
Brief general survey. 5520: Chemical thermodynam
ics. 5521: Kinetics, statistical mechanics, molecular
structure.

5525. PHYSICAL BIOCHEMISTRY: SOLUTION
STRUCTURE AND INTERACTIONS OF BIO·
LOGICAL MACROMOLECULES. (4 cr, §BioC
5525, §MdBc 5525; prereq 2 qtrs physical chemistry,
BioI 5001 or equiv)
Physical chemistry of equilibrium. transport, and
scattering phenomena in solution, with application to
proteins and nucleic acids. Intermolecular forces,
macromolecular dynamics, conformational transi
tions, binding thermodynamics, methods for deter
mining biopolymer size and shape, including
sedimentation, diffusion, viscosity, electrophoresis,
and scattering.

5526. PHYSICAL BIOCHEMISTRY: SPECTRO·
SCOPIC METHODS I. (4 cr, §BioC 5526, §MdBc
5526; prereq 2 qtrs physical chemistry)
Lectures on fundamental spectroscopic principles with
emphasis on development ofmagnetic resonance the
ory used in study ofbiological macromolecules.

5527. PHYSICAL BIOCHEMISTRY: SPECTRO·
SCOPIC METHODS II. (4 cr, §BioC 5527, §MdBc
5527; prereq 2 qtrs physical chemistry, BioC/MdBcl
Chern 5526 or #)
Application ofoptical and magnetic resonance tech·
niques to study of structure and dynamics in proteins,
lipids, nucleic acids, and synthetic analogs.

5533. QUANTUM CHEMISTRY. (4 cr; prereq 1 Y'r
college chemistry, Phys 1291 or ~Phys 1291, or 1106
with #, Math 3211)
Principles ofquantum mechanics with applications to
atomic and molecular structure and to spectroscopy.

5534. CHEMICAL THERMODYNAMICS. (4 cr;
prereq IT upper division or CLA chern major or f'"
Phys 1291 or ~Phys 1291, or Phys 1106 with #, Math
3211)
Principles of thermodynamics with applications to
chemical systems.

5535. STATISTICAL MECHANICS AND REAC·
TION KINETICS. (4 cr; prereq 5534)
(Continuation of5534J Statistical thermodynamics
and the kinetic theory of gases with applications to re
action rate theory. Phenomenological kinetics and ex
perimental methods.

5536. QUANTUM CHEMISTRY LABORATORY.
(2 cr; prereq 5533 or %533)
Laboratory experiments illustrating principles and
methods ofquantum mechanics.



5538. PHYSICAL CHEMISTRY LABORATORY.
(1 cr; prereq 5535 or %535)
Experiments in thermodynamics and reaction kinet
ics.

5580. PHYSICAL CHEMISTRY OF POLYMERS.
(3 cr; prereq 5535 or 5534 or #; offered 1985-86 and alt
yrs)
Molecular weight distribution, statistical mechanics
ofpolymer solutions, network polymers, viscosity,
light scattering, viscoelastic behavior.

5610. PRINCIPLES OF POLYMER SCIENCE. (4
cr, §861O, §MatS 5610; prereq physical chemistry or
MatS 5011 or #; 3lect and 3 lab hrs per wk)
Polymer synthesis and physical chemistry: polymer
ization kinetics and reactors, molecular weight distri
bution, network formation, macromolecules in
solution and their characterization, the glassy and
crystalline state, rubber elasticity, flow and viscoelas
ticity, environmental degradation.

5731. INORGANIC CHEMISTRY I. (3 cr; prereq
5533 or ~5533 or 5534 or ~5534; 3 lect hrs per wk)
Structure, bonding, thermochemistry, acid-base
chemistry, physical and chemical properties of inor
ganic substances. Emphasis on systems where sand p
electrons are important.

5732. INORGANIC CHEMISTRY II. (3 cr; prereq
5731; 3lect hrs per wk)
(See 5731) Emphasis on transition metal compounds
where d electrons are important. Topics ofcurrent in
terest such as boron hydrides, inert gas compounds,
organometallic compounds, and biologically impor
tant metal compounds.

5734. INORGANIC CHEMISTRY LABORA·
TORY I. (2 cr; prereq 5731 or ~5731 or #; 1 lect and 3
lab hrs per wkJ
Laboratory to accompany 5731.

5735. INORGANIC CHEMISTRY LABORA
TORY II. (2 cr; prereq 5734, 5732 or ~5732 or #; 11ect
and 3 lab hrs per wkJ
Laboratory to accompany 5732.

5751. PHYSICAL INORGANIC CHEMISTRY I.
(4 cr; prereq 5732 or equiv or #)
Physical methods and concepts applied to inorganic
and organometallic systems including NMR, JR, UV·
VIS, ESR, Mossbauer and mass spectroscopy, mag
netic measurements, X-ray crystallography.

5752. PHYSICAL INORGANIC CHEMISTRY II.
(4 cr; prereq 5751 or equiv or #J
Solution thermodynamics and kinetics applied to inor
ganic and organometallic systems; determination of
reaction mechanisms; symmetry and ligand field con
cepts.

5761. ORGANOMETALLIC CHEMISTRY, (4 cr;
prereq 5732 or equiv or #)
Syntheses, reactions, structures, and other important
properties ofmain group and transition metal
organometallic compounds; treatment in terms of
modern electronic and structural theory; emphasis on
their use as stoichiometric and homogeneous catalytic
reagents in organic and inorganic systems.

Chemistry

5762. SURVEY OF THE CHEMISTRY OF THE
TRANSITION METALS. (4 cr; prereq 5732 or equiv
or #)
Reactions and properties of the transition metals and
their compounds. Modern coordination chemistry in
cluding magnetic and spectroscopic properties and
qualitative ligand field theory.

5763. SURVEY OF THE CHEMISTRY OF THE
NONTRANSITION ELEMENTS. (4 cr; prereq 5732
orequiv or #)
Reactions and properties of the nontransition ele
ments, including the rare gases, and their compounds.

5803. THE CHEMISTRY OF INDUSTRY. (4 cr;
prereq chemistry sr or grad student or #)
The relation between basic chemical theory and chem
ical technology including programs of economics, ecol
ogy, and resources.

5991,5992,5993. SELECTED TOPICS IN CHEM
ISTRY. (Cr ar; prereq sr, L»
Topics of current interest in chemistry. Consult de
partment for details for a particular quarter.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8104. SPECTROSCOPIC METHODS

8133. MODERN ELECTROANALYTICAL
TECHNIQUES, PRINCIPLES, AND
PRACTICES

8134. BIOANALYTICAL CHEMISTRY

8135. MASS SPECTROMETRY

8136. SURFACE AND THIN FILM ANALYSIS

8137. SOLUTION CHARACTERIZATION OF
MACROMOLECULES

8190. SEMINAR: MODERN PROBLEMS IN
CHEMISTRY INSTRUMENTATION AND
ANALYSIS

8301. ADVANCED ORGANIC CHEMISTRY I

8302. INTERPRETATION OF ORGANIC SPEC
TRA

8303. DETERMINATION OF MECHANISMS OF
ORGANIC REACTIONS

8304. ADVANCED ORGANIC CHEMISTRY II

8305. ADVANCED ORGANIC CHEMISTRY III

8390. ORGANIC CHEMISTRY SEMINAR

8401. BIOORGANIC CHEMISTRY I

8402. BIOORGANIC CHEMISTRY II

8403. BIOORGANIC CHEMISTRY III

8512. CHEMICAL THERMODYNAMICS

8514. CHEMICAL APPLICATIONS OF GROUP
THEORY
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8521. METHODS OF THEORETICAL CHEM
ISTRY

8531-8532-8533. INTRODUCTORY QUANTUM
MECHANICS AND SPECTROSCOPY

8534. GROUP THEORY

8535. MOLECULAR QUANTUM MECHANICS

8541-8542-8543. THERMODYNAMICS, STATIS
TICAL MECHANICS AND KINETICS

8545. REACTION DYNAMICS

8546. ADVANCED STATISTICAL MECHANICS

8547. ELEMENTS OF STATISTICAL MECHAN·
ICS

8548. ADVANCED STATISTICAL MECHANICS

8560. SEMINAR: PHYSICAL CHEMISTRY OF
BIOLOGICAL SYSTEMS

8571. ADVANCED QUANTUM MECHANICS

8581. MAGNETIC RESONANCE

8590. SEMINAR: PHYSICAL CHEMISTRY

8593. SPECIAL TOPICS IN PHYSICAL CHEM
ISTRY

8610. POLYMER SCIENCE

8790. SEMINAR: MODERN PROBLEMS IN IN·
ORGANIC CHEMISTRY

8990. RESEARCH IN CHEMISTRY

8991,8992,8993. SPECIAL TOPICS IN CHEM
ISTRY

8994,8995,8996. SPECIAL TOPICS IN CHEM
ISTRY

Civil Engineering (CE)

General Courses

1001. CIVIL ENGINEERING ORIENTATION. (l
cr; SoN only)
Fundamentals of civil engineering practice presented
by professional engineers and members of the faculty.

3020. COMPUTER APPLICATIONS IN CIVIL
ENGINEERING I. (4 cr; prereq Civil, GeoE, MinE
students, Math 1231)
Introduction to use ofPascal, graphics, and numerical
techniques such as Bisection, Newton-Raphson, Gauss
Elimination, Simpson's Rule, Gauss Quadrature, Pre
dictor-Corrector, and Runge-Kutta for engineering
problem solving. Problems drawn from different
branches of civil and mineral engineering.
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3050. ENGINEERING INTERN WORK ASSIGN·
MENT. (4 cr; prereq IT student, regis in intern pro
gram; SoN only)
Requires submission of two formal written reports,
one covering the work completed during the six
month professional assignment and the second involv
ing an in-depth presentation ofa related engineerin~~
problem.

3051. ENGINEERING INTERN WORK ASSIGN
MENT. (4 cr; prereq IT student, regis in intern pro
gram; SoN only)
For description, see 3050.

5001. BUILDING AND CONSTRUCTION CON·
TRACTS AND SPECIFICATIONS. (4 cr; prereq
3rd-yr IT or grad, adult special, or #)
Overview ofthe law ofcontracts, sales, agency, nego·
tiable instruments, real property, personal property.
partnerships, corporations, insurance contracts,
worker's compensation, labor law, mechanics' liens,
government construction contracts, and torts with ap
plications to the performance ofengineering and con
struction contracts.

5002. ENGINEERING ECONOMICS. (2 cr; prereq
IT jr standing or above, adult special, or grad; 2lect
hrs per wk)
Time value of money; compound amount factors;
present worth of uniform and single payments; cost
benefit analysis; net present worth analysis; interna.l
rate of return.

5003. EARTH·SHELTERED BUILDING DE
SIGN. (2cr)
Use and design ofundergroundlearth-sheltered facilli
ties for residential and non-residential purposes. En
ergy use, planning, security, environment, building
design, landscaping, building codes, financing, and
psychological considerations.

5004. UNDERGROUND CONSTRUCTION EN
GINEERING. (4 cr; prereq IT upper division, 5003:'
Application ofstructural and geotechnical techniques
to earth-sheltered buildings; construction techniqul's
and problems. Topics include retaining systems, strllc
turalloads, drainage systems, waterproofing, site in
vestigation, contracting practices, instrumentation,
and heat transfer calculations. Housing, large scale
buildings, and mines space.

5021. COMPUTER APPLICATIONS IN CIVIL
ENGINEERING II. (4 cr; prereq Civil, GeoE, MinE
upper division, 3020, Math 3212 or 3221)
Introduction to three methods (finite differences,
finite elements, boundary elements) for solution of
problems in hydrology, structural engineering,
geomechanics, transportation, and environmental en
gineering that reduce to partial differential equations,
Methods illustrated in context ofpractical problem".



5097,5098,5099. ADVANCED DESIGN, ANALY·
SIS. RESEARCH. OR TUTORIAL IN CIVIL EN·
GINEERING. (Cr ar; courses may be taken more
than once; prereq approval offaculty adviser)
Special studies in the planning, design, or analysis of
complex civil engineering systems. Individuallabora
tory research problems, literature studies, and reports
supervised by staff members. Studies may be con
ducted in any discipline within civil engineering and
hydraulics including, but not limited to, hydraulics
and hydrology, land development, materials, sanitary
engineering, soil mechanics, structures, and trans
portation.

Surveying and Mapping

3100. INTRODUCTION TO SURVEYING AND
MAPPING. (4 cr; prereq IT student, Math 1211; 3
lect and 3 lab hrs per wk)
Theory ofprecision measurements ofdistance, eleva
tion, angle, and direction. Elements of coordinate sys
tems, datum planes, and maps. Use of aerial
photographs for mapping. Fundamentals ofgeomet
ries for design, grades, and vertical and horizontal
curvature.

3103. FIELD SURVEYING. (3 cr; prereq IT student,
3100; l-wk lab plus 3lab hrs per wk)
Theory and practice ofprecision measurements ofdis
tance, elevation, angle, and direction. Laboratory
problems related to the use and application ofmodem
surveying instrumentation.

5100. LAND SURVEYING. (4 cr; prereq IT or grad
student, 3100, 5102 or #)
Minnesota Public Land Survey. Federal and state
laws governing resurveys, registered land surveys,
and subdivision plats. Court decisions and legal prin
ciples involving boundary line determinations. Inter
preting and writing deed descriptions.

5101. GEODESY. (4 cr; prereq IT or grad student,
3100)
Size and shape of the earth; properties of ellipsoids;
reference ellipsoids; Legendre theorem; geodesic and
normal sections; direct and inverse geodetic datums;
deflection of the vertical; LaPlace stations. Survey ad
justments.

5102. SITE AND ROUTE ENGINEERING. (4 cr;
prereq IT or grad student, 3100; 3leet and 3 lab hrs
perwk)
Site and route design fundamentals and problems
based on spatial data obtained through photogram
metric mapping. Problems in geometric design;
grades, horizontal and vertical curves; fitting ofde
sign to topography; earthwork, area and volumes; and
drainage. Construction control and layout.

5103. LAND PLANNING AND SUBDIVISION
DESIGN. (4 cr; prereq IT or grad student, 3100 and
5102; 3leet and 3 lab hrs per wk)
Minnesota statutes, county and municipal ordinances
governing land use and subdivision. Elements of de
sign. Design ofa subdivision.

Civil Engineering

5104. PHOTOGRAMMETRY. (4 cr; prereq IT or
grad student, Math 1211; 3leet and 3 lab hrs per wk)
Stereoscopy and parallax; geometry ofsingle and
overlapping photographs; stereoscopic plotting instru
ments; flight planning; aerial cameras and calibra
tion; mosaics; terrestrial photogrammetry; principles
of photo interpretation; elements of remote sensing;
and applications to resource evaluation.

5105. SURVEY ADJUSTMENTS. (4 cr; prereq IT
or grad student, 3100, CSci 3101 or #; 3lect and 3 lab
hrs perwk)
Application ofstatistical theory to the adjustment of
surveying and photogrammetric measurements. In
cludes the concepts ofprecision and accuracy, error
propagation, observation and condition equations,
weighting of observations, solution of systems of equa
tions by method ofleast squares, and precision of ad
justed quantities.

Transportation

3200. INTRODUCTION TO TRANSPORTATION
ENGINEERING. (4 cr; prereq IT student, Phys 1271)
Application of the physical laws of motion and energy
as they relate to calculations of resistances to motion,
power, and energy requirements, acceleration-decel
eration limits and capacity of various modes of trans
portation. Estimation ofdemand for transportation
system. Location, design, and operation oftransporta
tion facilities.

5200. GEOMETRIC DESIGN OF HIGHWAYS. (4
cr; prereq IT or grad student, 3200 or #)
Forecast of traffic volume demand; impact of vehicle
type on geometric design; vertical and horizontal
alignment; intersection design; highway capacity.

5201. HIGHWAY TRAFFIC CHARACTERIS·
TICS AND OPERATIONS. (4 cr; prereq IT or grad
student, 3200)
Characteristics and measurements of volume, speed,
density, and travel time; characteristics of vehicles,
and road users; parking characteristics and design of
facilities; applications of signs, signals, and markings
in traffic control.

5202. AIRPORT DESIGN. (4 cr; prereq IT or grad
student, 3200, 3300 or #)
Nature ofair transport. Airfield site selection and
runway patterns. Geometric design of runways; capac
ity. Drainage and pavement design.

5210. INTRODUCTION TO TRANSPORTATION
SYSTEMS ANALYSIS. (4 cr; prereq #)
Techniques ofanalysis and planning for transporta
tion services; demand-supply interactions; evaluating
transportation alternatives; travel demand forecast
ing; integrated model systems; citizen participation in
decision making; proposal writing.

5212. TRANSPORTATION PRODUCTIVITY
AND ENERGY CONSERVATION. (4 cr; prereq #)
Measuring transportation productivity and energy
consumption; simulation ofenergy-conservation poli
cies and effect of such policies on transportation rider
ship and economics through time; transportation use
and energy consumption in relation to urban and
rural structures; case studies.
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5304. DESIGN OF HIGHWAY AND AIRPORT
PAVEMENTS. (4 cr; prereq IT or grad student, 3300,
3700)
Theories of pavement design, flexible and rigid; equiv
alent wheel loads. Strength tests and frost action. De
sign procedures for flexible and rigid pavements.

Geomechanics (Soil Mechanics and Rock
Mechanics)

3300. ELEMENTS OF SOIL MECHANICS. (4 cr;
prereq IT student, AEM 1015; 4lect hrs per wk)
Physical properties of soils; soil classification. Stresses
and strains. Strength and deformability. Permeability
and seepage. One-dimensional consolidation.

3301. SOIL MECHANICS LABORATORY. (l cr;
prereq IT student, 3300; 4 lab hrs for 5 wks)
Index tests; consolidation; triaxial compression; un
confined compression; permeability and direct shear.

5300. CRITICAL STATE SOIL MECHANICS. (4
cr; prereq IT upper division or grad student, 3300)
Strength ofgranular soils. Volume changes under
shear (dilatancy, contractancy), liquification. Cyclic
loading. Strength of cohesive soils. Normal consolida
tion. Overconsolidation. Critical state concept.

5301. FOUNDATION ENGINEERING. (4 cr; pre
req IT upper division or grad student, 5300)
Settlement analysis. Retaining walls and earth pres
sure theories. Stability ofslopes. Bearing capacity of
shallow foundations. Deep foundations.

5302. SOIL PLASTICITY AND LIMIT ANALY·
SIS. (4 cr; prereq IT uper division or grad student,
5300)
Rigid perfectly plastic soil. Theorem oflimit analysis.
Static and kinematic solutions. Method of characteris
tics. Application for stability of slopes and
foundations.

Water Resources, Hydraulic Engineering,
and Hydrology

3400. FLUID MECHANICS. (4 cr, §AEM 5200; pre
req IT student or ForP major, Math 3221, AEM 1015
or 3016; 3lect and 3lab hrs per wk)
Fluid statics and dynamics for liquids and gases.
Kinematics of fluid flow, viscous effects, and introduc
tion to incompressible and compressible duct flow.
Boundary layers, lift and drag, fluid measurements.

5401. WATER RESOURCES ENGINEERING. (4
cr; prereq IT or grad student, 3400 or #; 3 lect and 3
lab hrs per wk)
Introduction to water resources engineering including
flow in conduits, pumps, open channels and culverts;
introduction to flow measurements, hydraulic struc
tures and systems approach to water resources
engineering.
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5402. COMPUTATIONAL HYDRAULICS. (4 cr;
prereq IT or grad student, 5401, CSci 3101 or #; 3leet
and 3 lab hrs per wk)
Computer applications in hydraulic engineering with
emphasis on iteration techniques and finite increment
methods applied to open channel flow profile analysis;
analysis offlow through spillways, bridge waterways,
culverts, and similar structures.

5403. HYDRAULIC STRUCTURES. (4 cr; prereq
IT or grad student, 5401 or #)
Hydraulic design procedures for such structures as
culverts, dams, spillways, outlet works; river control
works; drop structures, water intakes, bridge cross
ings, pipeline crossings.

5405. HYDROLOGY AND HYDROLOGIC DE.
SIGN. (4 cr; prereq IT or grad student, 5401 or #; 3
lect and 3 lab hrs per wk)
Hydrologic cycle, precipitation, evaporation, infiltra
tion, runoffanalysis, flood routing, statistical proce
dures in hydrology, urban hydrology, introduction to
mathematical models of medium and large water
sheds, application of hydrology to design ofoutlet
works and flow control structures.

5410. OPEN CHANNEL HYDRAULICS. (4 cr; pre
reqIT or grad student, 3400, 5401 or #; 3 lect and 2 rec
hrs perwk)
Mechanics offlow in open channels including gradu
ally varied, spatially varied and rapidly varied flow;
unsteady flow (waves and surges) and flow in alluvial
channels.

5420. INTRODUCTION TO WATER RE·
SOURCES MANAGEMENT. (4 cr)
U.S. and world water resources; human water use;
economic, environmental, social, and political prob
lems related to water.

5425. GROUNDWATER MECHANICS. (4 cr; pre
req IT or grad student, 3400 or #)
Basic equations. Horizontal confined, unconfined, and
interface flow. Flow from rivers and lakes toward
wells. Systems of interconnected aquifers. Leaky flow.
Modeling ofaquifers through use ofboundary integral
equation techniques. Nonsteady flow. Application (If
finite element methods. Explicit finite difference
methods.

5435. INTERMEDIATE FLUID MECHANICS
WITH APPLICATIONS. (4 cr; prereq IT or grad stu
dent, 3400)
Basic laws and equations of fluid flows; exact and ap
proximate solution; very viscous flow; flow through
porous media, potential flows; interfacial flows;
boundary layer flow; turbulence and transport
phenomena.

Environmental Engineering

3500. INTRODUCTION TO ENVIRONMENTAL
ENGINEERING PROBLEMS AND ANALYSIS.
(4 cr; prereq Chern 1005)
Environmental problems and an interdisciplinary ap
proach to problem solving. Water pollution, water pol
lution control technology, air pollution, air pollution
control technology, noise, alternative energy re
sources, solid waste disposal, nuclear energy, radioac
tive wastes and the overall impact of technology on
environmental quality.



5500. ANALYSIS AND DESIGN OF WATER
SUPPLY SYSTEMS. (4 cr; prereq IT or grad student,
3400 or #)
Planning and engineering design considerations in
developing water supply systems for urban centers.
Supply quality, storage, treatment, distribution, and
cost analysis.

5501. ANALYSIS AND DESIGN OF WASTEWA
TER SYSTEMS. (4 cr; prereq IT or grad student,
3400,3500 or #)
Planning and engineering design considerations in
developing waste disposal systems for urban centers.
Volumes and quality ofwaste streams, treatment and
ultimate disposal ofdomestic and industrial wastewa
ters, and storm water runoff. Environmental effects,
cost, and political aspects of ultimate disposal.

5505. WATER QUALITY ENGINEERING. (4 cr;
prereq, 3500 or #)
Chemicallphysicallbiological properties of natural
waters; elemental cycles ofC, N, S, 0, P; impact of in
dustrial/municipal discharges on receiving waters;
transfer/transport process in rivers and lakes; ground
water pollution problems.

5506. ENVIRONMENTALWATERCHEM
ISTRY. (4 cr; prereq IT or grad student, Chem 1006 or
#; 3 lect and 1 rec hrs per wk)
Composition of natural waters and wastewater; chem
ical processes affecting distribution of pollutants and
waters; methods of evaluation to determine fate ofor
ganic pollutants.

5507. TECHNIQUES OF WATER AND
WASTEWATER ANALYSIS. (4 cr; prereq IT upper
division or grad student, 5500, 5501, 5506, or #)
Methods of sampling and examining natural waters
and wastewaters, techniques used in analysis of gen
eral water quality parameters, nutrients, major and
minor ions, and natural and synthetic organic matter.
with emphasis on modern analytic procedures.

5510. SOLID AND HAZARDOUS WASTE MAN
AGEMENT. (4 cr)
Analysis and design of engineered systems for collec
tion, transportation, processing, and disposal of solid
and hazardous waste materials. Waste characteristics
affecting management options, discussion of relevant
regulatory legislation.

5515. WATER AND WASTEWATERMICROBI
OLOGY. (4 cr; prereq Chem 1005, Math 1231)
Analysis of role ofmicrobes in environmental degra
dation and pollution control. Organism growth and se
lection in wastewater treatment systems. Pathogenic
organisms in water supply. System control using mi
crobial based indicators.

5530. MODELING AND PROCESS CONTROL
OF WATER AND WASTEWATER TREATMENT.
(4 cr; prereq 5500, 5501 or #)

Mathematical modeling and simulation of water and
wastewater treatment processes; introduction to con
trol theory, design of control systems and their appli
cation to computer-aided process control.

Civil Engineering

5580. INTRODUCTION TO ENVIRONMENTAL
LAW FOR ENGINEERS I. (4cr)
Common statuatory and regulatory law relevant to
work of civil and environmental engineers; history
and development of environmental control, with em
phasis on public policies behind decision making in
courts, legislatures, and administrative agencies and
tribunals.

5581. INTRODUCTION TO ENVIRONMENTAL
LAW FOR ENGINEERS II. (4 cr; prereq 5580)
Continuation of 5580. Emphasis on specific provisions
offederal and Minnesota statutory and regulatory
law, such as NEPA, TaSCA, RCRA, Clean Air Act.
Minnesota Environmental Rights Act; history in
courts.

Structural Engineering

3600-3601-3602. STRUCTURAL DESIGN FOR
ARCHITECTS. (4 cr per qtr; prereq adult special or
AEM 3092, 3093; 4 lect and 1 rec hrs per wk)
Behavior, analysis, design, and construction ofstruc
tural systems and members in steel, reinforced con
crete, timber, masonry, and plastics.

5600. LINEAR STRUCTURAL SYSTEMS. (4 cr;
prereq IT or grad student, AEM 3016)
Analysis of determinate and indeterminate linear
structural systems; analysis of trusses and frames
through virtual work, moment distribution, energy
methods, and slope-deflection equations. Influence
lines. Approximate methods of analysis. Design
considerations.

5601. MATRIX ANALYSIS OF STRUCTURES. (4
cr; prereq IT or grad student, 5600)
Analysis oflinear structural systems through matrix
methods; stiffness and flexibility methods of analysis.
Introduction to computerized structural analysis of
trusses and frames.

5602. TOPICS IN STRUCTURAL MECHANICS.
(4 cr; prereq IT upper division or grad student, 5600,
AEM3036)
Introduction to theory of elasticity; theory of vibration
for single-degree-of-freedom structures; energy meth
ods of approximate structural analysis; torsion of
beams; numerical calculation of buckling heads of
bars and plates.

5603. INTRODUCTION TO CONSTRUCTION
MATERIALS. (2 cr; prereq IT upper division, AEM
3016)
Basic concepts ofbehavior mechanisms of materials
such as concretes, metals, and woods.

5610. DESIGN OF METAL STRUCTURES: IN
TRODUCTION. (4 cr; prereq IT upper division or
grad student, 5600, %603)
Loads on civil structures. Load factor and working
stress philosophies of design. Design of tension. com
pression, and flexural members and their connections.
Codes, properties of structural metals.
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5611. DESIGN OF REINFORCED CONCRETE
STRUCTURES. (4 cr; prereq IT upper division or
grad student, 5600, ~5603)
Principles ofstrength and serviceability in reinforced
concrete structural design. Strength analysis, design
ofbeams, joists, one-way slabs for flexure and shear.
Anchorage, development, splicing of reinforcement.
Stresses at service, deflections, cracking, long-term ef
fects. Introduction to design ofcolumns, continuity;
simple footings.

5612. DESIGN OF METAL STRUCTURES: IN
TERMEDIATE. (4 cr; prereq IT or grad student,
5610)
Design of complete metal structures; plate girder
bridges, industrial buildings, multistory structural
frames.

5613. INTERMEDIATE REINFORCED CON·
CRETE DESIGN. (4 cr; prereq IT or grad student,
5611; 4lect hrs perwk)
In-depth treatment of eccentrically loaded columns.
Shear friction, design of brackets. Deep beam design.
Continuous beams and frames. Combined and contin
uous footings. Retaining walls. Combination ofshear
and torsion. Two-way slabs.

5615. PRESTRESSED CONCRETE. (4 cr; prereq
IT or grad student, 5611...5613 recommended; 4lect
hrs per wk)
Types and properties of high-strength concretes and
steels for prestressed concretes. Design ofpreten
sioned and post-tensioned members. Post-tensioning
systems. Precast, prestressed building systems, floors,
roofs, bridges. Continuity in precast, prestressed sys
tems. Design of connections.

5617. DESIGN OF MASONRY STRUCTURES. (4
cr; prereq IT or grad student, 5600 or #; 4lect hrs per
wk)
Masonry materials and their production, mortars and
grouts, design ofnonreinforced and reinforced ma
sonry structural systems, walls, columns, lintels,
arches. Codes and specifications, testing and
inspection.

Construction Materials

5701. CEMENTED MATERIALS: PROPERTIES,
EVALUATION, AND MIXTURE DESIGN. (4 cr;
prereq IT upper division or grad student, 5603; 3 lect
and 3 lab hrs per wk)
Characteristics and performance evaluation concepts
ofconstruction materials; properties and design ofce
mented mixtures such as concrete, bituminous mix
tures, stabilized soils and rocks.

5702. MANUFACTURE AND QUALITY CON
TROL OF CONSTRUCTION MATERIALS. (4 cr;
prereq IT upper division or grad student, 5603; 3lect
and 3 lab hrs per wk)
Methods ofmanufacture, especially ofcemented mate
rials such as concrete, stabilized soils and rock; ex
pected variations and quality control concepts;
optimization techniques developed to establish proce
dures and best material to use for a given situation.
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5703. PROJECT MANAGEMENT. (4 cr; prereq sr
standing, IT major)
A broad, practical examination of construction project
management including project planning, budgeting,
scheduling, staffing, task and cost control, and com
municating with, motivating, and managing team
members.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8097-8098·8099. CIVIL ENGINEERING RE
SEARCH

8200. THEORY OF TRAFFIC FLOW

8201. URBAN TRAFFIC OPERATIONS

8202. FREEWAY TRAFFIC OPERATIONS

8210. MODELING CONSUMER CHOICES IN
TRANSPORTATION

8211. TRAVEL DEMAND FORECASTING

8214. TRANSPORTATION SYSTEMS DYNAM
ICS AND CONTROL

8302. ADVANCED HIGHWAY LABORATORY

8303. SPECIAL STUDIES IN CONCRETE MA
TERIALS

8320. THREE·DIMENSIONAL CONSOLIDA
TION

8321. MECHANICS OF GRANULAR MEDIA

8322. STORAGE AND FLOW OF GRANULAR
MATERIALS

8323. COMPUTER APPLICATIONS IN FOUN
DATION ENGINEERING

8400. HYDRAULIC TRANSIENTS

8406. SEMINAR: ADVANCED HYDROLOGY

8407. STOCHASTIC HYDROLOGY

8410. FLUID TURBULENCE

8412. MECHANICS OF SIMILITUDE AND DI
MENSIONAL ANALYSIS

8413. MECHANICS OF SEDIMENT TRANS
PORT

8415. HYDRO AND THERMAL POWER DEVE:L
OPMENT

8416. HYDRAULIC MEASUREMENTS

8417. HYDRAULIC PUMPS AND TURBINES

8419. WATER RESOURCES SYSTEMS SIMU·
LATION

8421. INCOMPRESSIBLE POTENTIAL FLOW



8422. INCOMPRESSIBLE BOUNDARY LAYER
FLOW

8425. ADVANCED GROUNDWATER MECHAN
ICS

8430. LAKE AND RESERVOIR HYDRODY·
NAMICS

8432. HYDRODYNAMICS OF THE BOUNDARY
LAYER

8435-8436-8437. TOPICS: HYDRODYNAMIC
THEORY

8440. FLOW EFFECTS ON STRUCTURES

8497-8498-8499. ADVANCED HYDRAULIC LAB
ORATORY

8500. PHYSICAL AND CHEMICAL PRO
CESSES FOR WATER AND WASTEWATER
TREATMENT I

8501. PHYSICAL AND CHEMICAL PRO
CESSES FOR WATER AND WASTEWATER
TREATMENT

8502. BIOLOGICAL AND CHEMICAL PRO
CESSES FOR WASTEWATER TREATMENT

8505,8506. AQUATIC CHEMISTRY FOR ENVI·
RONMENTAL ENGINEERS

8510. INDUSTRIAL WASTEWATER TREAT
MENT AND DISPOSAL

8520. WATER TREATMENT PLANT DESIGN

8521. WASTEWATER TREATMENT PLANT
DESIGN

8530. MODELING AND CONTROL OF WATER
AND WASTEWATER TREATMENT PRO
CESSES

8550. ANALYSIS AND MODELING OF
AQUATIC ENVIRONMENTS

8551. SEMINAR ON MODELS OF AQUATIC EN
VIRONMENTS

8560. SEMINAR: SPECIAL TOPICS IN ENVI
RONMENTAL ENGINEERING

8605. THE FINITE ELEMENT METHOD IN
CIVIL ENGINEERING

8606. APPROXIMATE METHODS OF STRUC
TURAL ANALYSIS

8608. ADVANCED THEORY OF STRUCTURES

8609. PRINCIPLES OF STRUCTURAL STABIL
ITY

8610. SHELL STRUCTURES

8611. PLATE STRUCTURES

8612. PLASTIC DESIGN OF STEEL STRUC
TURES

Computer Science

8616. NONLINEAR STRUCTURAL SYSTEMS

8620-8621. STRUCTURAL DYNAMICS I
II

8697-8698-8699. SEMINAR: STRUCTURES

Computer Science (CSci)
3001. PERSPECTIVES ON COMPUTERS AND
SOCIETY. (4 cr; prereq soph or #; informallabl
The impact ofcomputers on society. Partnership or
confrontation. History of development. Potential for
use. Computer utility. Privacy in a computer society.
The future ofcomputers. The ultimate machine. Com
puters in business, industry, art, music, the home.

3002. CREATIVE AND ANALYTICAL APPLI
CATIONS OF COMPUTERS IN THE ARTS AND
LITERATURE. (4 cr; informal lab)
Ideas originating in arts and humanities leading to
computer use, relevance to parent field and conversion
to programmable form. Examples from computer
graphics, electronic music, author and period identifi
cation. dictionary building, parsing, language studies,
novel writing.

3101. A FORTRAN INTRODUCTION TO COM
PUTER PROGRAMMING. (4 cr; prereq Math 1111
or 1201 or equiv or #)
FORTRAN computer language with extensions; appli
cations; programming techniques. Designed to bring
students to advanced-level competence in FORTRAN
programming. Integral nonscheduled laboratory.

3102. INTRODUCTION TO PASCAL PRO·
GRAMMING. (4 cr; prereq non-CSci major, Math
1111 or equiv or 1201 or #)
PASCAL computer language, applications, program
ming techniques. Designed to bring students to ad
vanced-level competence in PASCAL programming.
Integral nonscheduling laboratory.

3104. INTRODUCTION TO PROGRAMMING
AND PROBLEM SOLVING. (5 cr; prereq Math
1211 or equiv or #)
Problem-solving techniques, stepwise refinement, sys
tematic loop design, evaluation criteria, programming
style, documentation, design of test data. Applications
in PASCAL Scheduled lab sections.

3105. FUNDAMENTALS OF ALGORITHMS
AND LANGUAGES I. (4 cr; prereq 3101 or 3102 or
3104 or #; informal lab)
Informal and formal approaches to algorithms, their
properties, and their specification through an al
gorithmic language; computability, complexity, O-no
tation. Design of algorithms, solution techniques,
problem decomposition, design documentation. Scope
of variables and block structure. Analysis ofnumeri
cal errors. Program testing. Examples from sorting
and searching required to illustrate solution tech.
niques.
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3106. FUNDAMENTALS OF ALGORITHMS
AND LANGUAGES II. (4 cr; prereq 3104 and 3105
or #, ~3400; informal lab)
Recursion as algorithm development technique and
its implementation in programming language. LISP.
Data structures, use of recursive data structures,
pointers and records in Pascal, data abstractions and
data invariants. Syntax, BNF. Semantics, abstract in
terpreters. Proving correctness ofprograms, inductive
assertions, structural induction.

3107. INTRODUCTION TO THE STRUCTURE
AND PROGRAMMING OF COMPUTER SyS
TEMS. (4 cr, §5101; prereq CSci major, 3101 or3102
or 3104 or #; informallabl
Organization and logical structure ofcomputer sys
tems. Representation of programs and data. Topics:
number systems, primitive computer systems, pro
gramming in machine language. Extensions to more
sophisticated systems, assembly language, sequenc
ing, decision making, arithmetic, logical operations,
character manipulation, iteration, subroutines, data
description.

3400. DISCRETE STRUCTURES OF COM·
PUTER SCIENCE. (4 cr; prereq Math 1231 or 1331
or equiv or #)
Proof techniques. Propositional calculus. First-order
logic. Sets and multisets. Combinatorics. Analysis of
algorithms. Graphs.

5001. THEORY AND APPLICATION OF LIN
EAR PROGRAMMING ALGORITHMS. (4 cr; pre
req 5301 or #; informallabl
Basic solutions to linear systems; inequalities; convex
polyhedral sets; linear programming formulation and
optimal conditions; theoretical and computational as
pects of simplex algorithm; postoptimal analysis; du
ality. Revised simplex and numerically stable
methods, upper bounded problems; commercially
available LP systems; methods for large, sparse
systems.

5002. COMPUTATIONALMETHODSFORNON
LINEAR PROGRAMMING. (4 cr; prereq 5001 or #;
informal lab)
Convex functions and domains; nonlinear optimal
conditions and duality; unconstrained minimization
methods; convergence rates; minimization methods
for linear and nonlinear constraints; penalty func
tions; acceleration ofconvergence; nonconvex prob
lems. Comparison ofavailable nonlinear
programming software.

5101. STRUCTURE AND PROGRAMMING OF
SOFTWARE SYSTEMS I. (4 cr, §3107; intended for
non-CSci majors ...majors should take 3107; prereq
non-CSci major, CSci 3101 or 3102 or 3104 or #; infor
mal lab)
Organization and logical structure ofcomputer sys
tems. Representation of programs and data. Topics:
number systems, primitive computer systems, pro
gramming in machine language. Extensions to more
sophisticated systems. assembly language, sequenc
ing, decision making, arithmetic, logical operations,
character manipula tion, iteration, subroutines, data
description.
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5102. STRUCTURE AND PROGRAMMING OF
SOFTWARE SYSTEMS II. (4 cr; prereq CLA CSci
major or IT CSci major upper division or grad, 3107 or
5101 or #; informal lab)
Extension ofbasic machine architecture and princi
ples ofsystem programming; closed subroutines;
parameter passing mechanisms; macros and condi
tional assembly; input-output; assembly linking and
loading; dynamic resource allocation; introduction to
operating systems,job control language, and
processes.

5104. SYSTEM SIMULATION: LANGUAGES
AND TECHNIQUES. (4 cr; prereq CLA CSci major
or IT CSci major upper division or grad, 3107 or 5101,
Stat 3091 or #; informal lab)
Methodologies relevant to simulation including queu
ing theory, variable generation, design ofexperi
ments, data collection, statistical analysis of output.
Simulation languages, both flow and event oriented,
including GPSS, SIMULA, SIMSCRIPT Application
to job shops; operations research and modeling of com
puter and communica tions systems.

5105. THEORY OF MACHINE ARITHMETIC. (4
cr; prereq 3107 or 5101 or #; informal lab)
Residue class arithmetic. Congruences and comple
ment arithmetic. Integral additive and subtractive ac
cumulators. Applications to absolute values and sign
arithmetic, scaling and floating point operations.

5106. STRUCTURE OF HIGHER LEVEL LAN
GUAGES. (4 cr; prereq CLA CSci major or IT CSci
major upper division or grad, 5102 and 5121 or #)
Formal definition of the syntax and semantics of pro',
gramming languages; semantics both by means of in
terpreters and by using the axiomatic approach.
Concepts underlying programming languages and
their implementations in a selected group oflan
guages. Program description at compilation time and
execution time.

5107. COMPUTER GRAPHICS I. (4 cr; prereq
CLA CSci major or IT CSci major upper division or
grad, 3107 or 5101, and 5121 or #)
Introduction: Definition of interactive computer
graphics, its goals and its problems. A model system
Data structures for computer graphics, picture struc
ture and transformations. Structures of graphical pro
gramming languages. Interaction handling. Rasker
graphics.

5117. COMPUTER GRAPHICS II. (4 cr; prereq
CLA-CSci major, IT-CSci major upper div, or grad; CS
3107 or 5101 and 5107 or 5121 or #)
Introduction to vector geometry. Three-dimensional
modeling and viewing transformations. Perspective
view generation and 3D clipping. Introduction to
curves and surfaces. Hidden line and hidden surface
removal. Realistic Image generation. Advanced dis
play system architectures. Modeling of 3D graphics
programming.



i-----------------------------
Computer Science

5121. INTRODUCTION TO DATA STRUC
TURES. (4 cr; prereq CLA CSci major or IT CSci ma
jor upper division or grad or EE or Math 3106 and
3400 or #; informal lab)
Basic concepts of data and their representation, Se
quential and linked representations, Arrays, stacks
and queues, Chains, circular lists and doubly linked
lists, Dynamic storage management. Garbage collec
tion and storage compaction, Generalized lists,
Strings. Binary trees and trees. Tree traversal.
Graphs, Activity networks,

5122. ADVANCED DATA STRUCTURES. 14 cr;
prereq CLA CSci major or IT CSci major upper divi
sion or grad or EE or Math 5121 or #; informal lab)
Internal and external sorting, Symbol tables. Optimal
binary trees, AVL trees, Hashing, B-trees, tries, Files
and indexes. ISAM, multilists, inverted files, cellular
partitions, differential files.

5180. SOFTWARE ENGINEERING I. (4 cr; prereq
CLA Csci major or IT CSci major upper division or
grade, 5106; informal lab)
Emphasis on abstractions as vehicle for analysis,
design and testing; modules as vehicle for implemen
tation. Software life cycle and project data bases. PSLI
PSA, Actor model of computation, process and data
modeling, Specification language MSG. Use of ab
stractions in functional, architectural and module de
sign, Test case selection and reliability assessment.
Systematic coding: invariants and representation
functions.

5181. SOFTWARE ENGINEERING n. (5 cr; pre
req CLA CSci major or IT CSci major upper division or
grad, 5180; scheduled lab)
Requirements analysis. Project planning and manage
ment, Design reviews, software testing, validation
strategies. Maintenance. Lab with group projects, 12
hours per week project work outside class. Selected
projects on process ofsystems development, from re
quirements analysis through maintenance. Student
groups will specify, design, implement, and test par
tial software systems. Emphasis on application of gen
eral software development methods and principles
from 5180, rather than specific systems.

5199. PROBLEMS IN LANGUAGES AND SYS
TEMS. 0-4 cr [may be repeated for crJ; prereq #)
Special COurses or individual study arranged with fac
ulty member.

5201. COMPUTER ARCHITECTURE. (4 cr; pre
req CLA CSci major or IT CSci major upper division or
grad, 3400, 3107 or 5101 or #)
Elementary computer architecture, gates and digital
logic, register transfers and micro operations, proces
sor studies ofexisting systems.

5211. DATA COMMUNICATIONS AND COM
PUTER NETWORKS. (4 cr; prereq CLA CSci major
or IT CSci major upper division or grad or EE or Math
5102 or #; informal lab)
Network classification and services. Hardware compo
nents: multiplexors, concentrators, communications
media. Network protocols and architectures. Research
areas.

5280. COMPUTER-AIDED DESIGN I. (4 cr; pre
req CLA CSci major or IT CSci major upper division or
grad or EE or Math 5122, 5201; informal lab)
CAD for digital systems with emphasis on VLSI.
Hardware description languages: synthesis, simula
tion, test generation.

5281. COMPUTER-AIDED DESIGN n. l4 cr; pre
req CLA CSci major or IT CSci major upper division or
grad or EE or Math 5122,5201; informal lab)
CAD for digital systems with emphasis on VLSI.
Physical design: partitioning, placement and routing.
design and electrical rule checks. Inherent complexity
of algorithms. Analysis ofbest known algorithms.

5299. PROBLEMS IN MACHINE DESIGN. 0-4 cr
[may be repeated for cr]; prereq #)
Special courses or individual study arranged with fac
ulty member.

5301. NUMERICAL ANALYSIS. (4 cr; prereq Math
3142 or equiv or # ...a knowledge ofFORTRAN or
PASCAL is assumed; informal lab)
Floating point arithmetic and rounding errors. itera
tive methods. Numerical solution of nonlinear equa
tions. Newton's method. Direct methods for linear
systems of equations. Gaussian elimination. Factor
ization methods. Interpolation and approximation.
Numerical integration and differentiation. Introduc
tion to numerical solution of ordinary differential
equations.

5302. NUMERICAL ANALYSIS. (4 cr; prereq 5301
or #; informallabl
Norms, condition numbers and error analysis. Con
vergence rates for iterative methods. Numerical ap
proximation methods. Least squares. Fast Fourier
transorm. Gaussian quadrature. Spline interpolation.
Computation ofeigenvalues and eigenvectors. Stabil
ity and error analysis of methods for solution of ordi
nary differential equations.

5304. COMPUTATIONAL ASPECTS OF MA
TRIX THEORY. (4 cr; prereq 5302 or #; informal
lab)
Direct and iterative solution of)arge linear systems.
Decomposition methods. Computation of eigenvalues
and eigenvectors. Singular value decomposition. Lin
pack and other software packages. Methods for sparse
and large structured matrices.

5305. NUMERICAL METHODS FOR ORDI
NARY DIFFERENTIAL EQUATIONS. (4 cr; pre
req 5302 or #; informal lab)
Initial value problem. Convergence and stability. Effi
cient implementation, Error estimation and step size
control. Comparison of recent software packages. Two
point boundary value problems. Col1ocation and finite
element methods,

5306. NUMERICAL METHODS FOR PARTIAL
DIFFERENTIAL EQUATIONS. (4 cr; prereq 5304,
5305 or #; informal lab)
Finite difference methods for el1iptic, parabolic, and
hyperbolic problems. Convergence, stability and error
analysis. Finite element methods. Galerkin and col1o
cation methods. Efficient implementation.
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Course Descriptions

5399. PROBLEMS IN NUMERICAL ANALYSIS.
(1-4 cr [may be repeated for crl; prereq #)
Special courses or individual study arranged with fac
ulty member.

5400. INTRODUCTION TO AUTOMATA THE
ORY. (4 cr; prereq CLA CSci major or IT CSci major
upper division or grad or EE or Math 3105 and 3400
or #)
Turing machines, computable functions, unsolvability
of the halting problem, recursive functions. Finite
state models; equivalence, minimization, properties,
decision questions, characterizations, Regular expres
sions. Survey ofother automata.

5401. INTRODUCTION TO FORMAL LAN
GUAGES. (4 cr; prereq CLA CSci major or IT CSci
major upper division or grad or EE or Math 5400; in
formal lab)
Formal grammars and languages and their related
automata. Language hierarchy. Context-free lan
guages and grammars. Pushdown automata. Normal
form theorems. Operations on languages. Decidability
and undecidabil ity results. Parsing algorithms. Ap
plications to programming.

5499. PROBLEMS IN COMPUTATIONAL THE
ORY OR LOGIC. (1-4 cr rmay be repeated for cr];
prereq #; informal lab)
Special courses or individual study arranged with fac
ulty member.

5502. INTRODUCTION TO OPERATING SYS
TEMS. (4 cr; prereq CLA CSci major or IT CSci major
upper division or grad 5102 and 5121 or #; informal
labl
Definition and historical development of operating
systems. Abstractions and implementations offea
tures common to most systems. Concurrency and re
lated control problems. Resource allocation. Storage
allocation. Process manager and the kernel ofan oper
ating system. Sharing. Capability-based addressing.
Protection. Performance measurement and analysis.

5503. INTRODUCTION TO COMPILERS. (4 cr;
prereq CLA CSci major or IT CSci major upper divi
sion or grad 5504 or #; informallabJ
A higher level language (PLJ.5l, machine language,
loaders, linkage editors; mapping PLJ.5 onto machine
language, code generation techniques; derivation of
an intermediate language and implementation of code
generators for intermediate onto machine language.
Students write the back end of a PL/.5 compiler.

5504. INTRODUCTION TO COMPILERS. (4 cr;
prereq CLA CSci major or IT CSci major upper divi
sion or grad 5106 or #; informallabl
Lexical scanning together with preprocessing and
macro expansion, symbol tables, parsing, intermedi
ate text generation, error detection and correction.
Students design and implement a front end for a PL/.5
compiler.
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5511. ARTIFICIAL INTELLIGENCE I. (4 cr; pre
req CLA-CSci major, IT-CSci major upper div, or grad;
5121 or 5107 or #; informal lab)
Introduction to ideas and issues ofartificial intelli
gence. Knowledge representation, problem solving,
search, inference techniques, theorem proving. Exp,~rt
systems. Introduction to applications. Programming
languages.

5512. ARTIFICIAL INTELLIGENCE II. (4 cr; pre
req CLA-CSci major, IT-CSci major upper div, or grad;
5511 or 5107 or #; informal lab)
Techniques ofartificial intelligence to solve complex
problems. Natural language processing and speech
recognition. Machine perception and integrated
robots. Planning. Machine learning. Expert system:3.

5521. PATTERN RECOGNITION. (4 cr; prereq
CLA CSci major or IT CSci major upper division or
grad 5301 and Stat 3091 or #; informallabl
Definition pattern recognition, feature selection, mea
surement techniques, and similar problems. Classifi
cation methods: statistical decision theory,
nonstatistical techniques. Automatic feature selec
tion. Syntactic pattern recognition. The relationship
between mathematical pattern recognition and artJlfi
cial intelligence. Applications.

5531. ARTIFICIAL INTELLIGENCE PRO·
GRAMMING TECHNIQUES. (4 cr; prereq CLA
CSci major, IT-CSci major upper div, or grad; 5512 or
#; informal lab)
Languages and programming techniques for problems
in artificial intelligence. Lisp and Prolog. Production
system and frame-based languages. High level tools.
Implementation of knowledge representation struc
tures and inference operations. Applications in expert
systems.

5599. PROBLEMS: ARTIFICIAL INTELLI
GENCE. (1-4 cr per qtr; prereq #; same number may
be used for more than one qtrl
Special courses or individual study arranged with fac
ulty member.

5702. THE PRINCIPLES OF DATA BASE SYS
TEMS. (4 cr; prereq CLA CSci major or IT CSci major
upper division or grad 5122 or #; informal lab)
Fundamental concepts. Conceptual data organization.
Data models. Data manipulation languages. Data
base design. Security and integrity. Performance eval
uation. Query optimization. Distributed data base
systems.

5703. DATA BASE SYSTEM DESIGN. (4 cr; pre
req CLA CSci major or IT CSci major upper division or
grad 5702 and #; informal lab)
Application of data base concepts to the design and de
velopment ofdata base systems and data base applica
tions. Design ofcurrent commercial and
research-oriented data base systems. Techniques of
using data base systems for applications.

5799. PROBLEMS IN INFORMATION SCI
ENCE. (1-4 cr per qtr; prereq #; same number may be
used for more than one qtrl
Special course or individual study arranged with fac
ulty member.



For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8101. MODELING AND ANALYSIS I

8102. MODELING AND ANALYSIS II

8199. SEMINAR: LANGUAGES AND SYSTEMS

8201·8202·8203. MATHEMATICS OF COMPUT·
ERS AND CONTROL DEVICES

8299. SEMINAR: MACHINE DESIGN

8301·8302. COMPUTATION OF SPECIAL
FUNCTIONS AND FORMULAS

8303. ADVANCED TOPICS IN NUMERICAL
COMPUTATION

8305. ADVANCED TOPICS IN OPTIMIZATION
METHODS

8399. SEMINAR: NUMERICAL ANALYSIS

8401. ALGORITHMS I-DESIGN TECHNIQUES

8402. ALGORITHMS 11

8403·8404. THEORY OF COMPUTATION

8499. SEMINAR: COMPUTATIONAL THEORY
AND LOGIC

8505. OPTIMIZATION IN COMPILERS

8511. ADVANCED CONCEPTS IN ARTIFICIAL
INTELLIGENCE

8599. SEMINAR: NONNUMERIC COMPUTA·
TI0N

8699. SEMINAR: CONTROL SCIENCE

8701. ADVANCED TOPICS IN DATA BASE
SYSTEMS

8799. SEMINAR: INFORMATION SCIENCE

8899. COLLOQUIUM: COMPUTER SCIENCE

Electrical Engineering (EE)
1000. INTRODUCTION TO ELECTRICAL ENGI·
NEERING. (l cr; SoN only; prereq IT lower division
or 6)
An introduction to electrical engineering presented by
practicing engineers and members of the faculty.

1400. CIRCUITS LABORATORY. (l cr; prereq IT
student, 3009 or ~3009)
Laboratory to accompany 3009 and 3010.

3002. ELECTRIC MACHINERY AND POWER
DISTRIBUTION. (5 cr; not for EE majors; prereq IT
student, Math 3221 or equiv, Phys 1291 or equiv)
Fundamentals of electric circuit theory; methods of
analysis. Transformer operation and polyphase con
nections. Principles of rotating electric machines. Per
formance characteristics and application
considerations ofDC machines, induction machines,
and synchronous machines. Introduction to electric
power distribution systems.

Electrical Engineering

3003. CIRCUITS AND ELECTRONICS. (4 cr; not
for EE majors; prereq IT student, Phys 1291, Math
3221 or ~Math 3221)
Analysis oflinear passive circuits. Semiconductor
principles, devices, and circuits. Applications to digi
tal circuits, logic elements, microprocessors, and oper
ational amplifiers.

3004. CIRCUITS AND ELECTRONICS LABO·
RATORY. (l cr; not for EE majors; prereq IT student,
3003 and ~3003)

3009. LINEAR CIRCUITS I. (4 cr; prereq IT stu
dent, at least C grades in Math 3212 or ~ or 3221 or t
Phys 1281 or~)

Physical principles underlying the modeling ofcircuit
elements. Two- and three-terminal resistive elements,
Kirchhotrs laws. Simple resistive circuits. Linearity
in circuits. Storage elements. First-and second-order
circuits.

3010. LINEAR CIRCUITS 11. \4 cr; prereq IT stu
dent, at least C grades in 3009, Math 3212 or 3221,
Phys 1291 or ~Phys 1291)
Modeling oflumped-parameter networks. Sinusoidal
steady-state analysis. Two-port networks.

3011. SIGNAL ANALYSIS. (4 cr; prereq upper divi
sion EE major; 3010)
Fourier methods of analysis. Laplace transforms and
applications. Frequency and time-domain responses.

3012. SYSTEM DESIGN. (4 cr; prereq upper divi
sion EE major, 3011, at least C grade in Math 3213 or
3221)
Continuous, discrete-time systems. Feedback: stabil
ity, applications.

3060. SEMICONDUCTOR DEVICES. (4 cr; prereq
upper division EE or CSci or ME major, 3010 or ~3010,
Phys 12911
Elementary semiconductor physics; physical descrip
tion ofpnjunction diodes, bipolar junction transistors,
and field-effect transistors.

3061. ANALOG ELECTRONICS. (4 cr; prereq up
per division EE or CSci or ME major, 3010, 3060)
Small signal models for the BJT and FET. Elementary
amplifiers. Differential and operational amplifiers:
applications.

3062. DIGITAL ELECTRONICS. (4 cr; prereq up
per division EE or CSci Or ME major, 3061, 3351)
Implementation of digital circuits with bipolar and
field-effect transistors: application to inverters, gates,
flip-flops, logic arrays, and storage elements.

3110. ELECTRIC AND MAGNETIC FIELDS. (4
cr; prereq upper division EE or ME major, at least C
grades in Phys 1291, Math 3212 or 3231)
Field properties of electricity and magnetism. Interac
tion with dielectric and magnetic materials.

3111. ELECTROMAGNETIC WAVES. (4 cr; pre
req upper division EE major, 3110)
Time-varying electromagnetic fields. Propagation and
reflection of electromagnetic waves. Metallic and opti
cal waveguides.
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Course Descriptions

3351. INTRODUCTION TO LOGIC DESIGN. (4
cr, §5051; prereq IT soph)
Boolean algebra and logic gates. Combinational logic:
simplification and design examples. Sequential logic
and design of synchronous sequential logic systems.
Integral laboratory.

3352. INTRODUCTION TO MICROPROCES
SORS. (4 cr, §5051; prereq IT soph)
Basic computer organization and assembly language
programming. Instruction types and addressing
modes. Subroutines. Assembler usage. Programming
techniques. Integral laboratory.

3400-3401-3402. JUNIOR ELECTRICAL ENGI
NEERING LABORATORY. (2 cr per qtr; prereq IT
student, 1400,3060 or ~3060 for 3400...3400, 3011 or
~3011, 3061 or ~3061 for 3401...3401,3062 or ~3062
for 3402)
Experiments in circuits, electronics, and electromag
netic fields.

3470-3471. SUMMER ENGINEERING EMPLOY·
MENT. (1-3 cr per qtr; prereq completion of2nd- or
3rd-yr work, declaration of intention before end of
spring qtr, regis in fall qtr, #)
Summer work in an engineering field; minimum of
360 hours per summer. Requires a technical report.

3476-3477. INDUSTRIAL ASSIGNMENT I-II. (2
cr; prereq regis in intern program)
Industrial work assignment in engineering intern
program. Grade based on student's formal written re
port covering quarter's work assignment but deferred
until completion ofEE 5478.

5002. DIGITAL SIGNAL PROCESSING. (4 cr;
prereq IT student or grad IT major, 3012)
General concepts ofsignal processing; discrete-time
systems and digital filters.

5003. DIGITAL SIGNAL PROCESSING LABO
RATORY. (1 cr; 5002 or %002, upper division EE
major)
Computer experiments in digital signal processing
and digital filter design.

5053. DESIGN OF DIGITAL CIRCUITS. (3 cr; pre
req IT student or grad IT major, 3062)
Design of modern digital integrated circuits at subsys
tem level. Nonlinear device models, use to predict sys
tem performance. Comparison ofperformance and
topology of various logic families including TTL,
MOS, CMOS, FL, and ECL.

5055. INSTRUMENTATION AND CONTROL
ELECTRONICS. (4 cr; prereq IT student or grad IT
major; 3012 or ~3012; 3062 or #)
Characteristics of operational amplifiers; applications
ofoperational amplifiers including A-D and D-A con
verters; compensation ofoperational amplifiers;
power amplifiers; semiconductor controlled rectifiers,
applications; linear and switching voltage regulators.
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5056. ELECTRONIC CIRCUITS LABORATORY.
(l cr; prereq IT student or grad IT major, 3401, ~5055)

5062. COMMUNICATION CIRCUITS. (3 cr; pre
req IT student or grad IT major, 3012, 5055 or #)
Design and analysis of electronic circuits common to
communication systems and instrumentation. incor
porating the latest IC technology. Typical circuits in
clude tuned amplifiers. mixers, modulators, and
phase-locked loops.

5090. DIGITAL CIRCUIT DESIGN LABORA
TORY. (l cr; prereq %053)

5091. COMMUNICATION CIRCUITS LABORA
TORY. (1 cr; prereq ~5062)

5112. ELECTROMAGNETIC BOUNDARY
VALUE PROBLEMS. (4 cr; prereq IT student or
grad IT major, 5100 or #)
Review of static field theory with applications.
Boundary-value problems. Quasi-statics. Reflection
and refraction ofplane waves. Properties of guided
waves. Rectangular and circular wave guides. Reso
nant cavities.

5113. PROPAGATION OF ELECTROMAG
NETIC FIELDS. (4 cr; prereq IT student or grad IT
major, 5100 or #)
Review of transients on transmission lines. Pulses on
lossy transmission lines. Coupled transmission lines.
Superconducting transmission lines. Microwave net
works and S-parameter design. Radiation and an
tenna arrays. Wave propagation in anisotropic media.
Microwave electronics.

5120. ACOUSTICS FOR ARCHITECTS AND
PLANNERS. (3 cr; not for EE majors; prereq Math
1231, Phys 1122 or 1052 or # ...some background in
statistical methods desirable)
Studies ofsound both indoors and out-of-doors with
special reference to noise and its abatement. Building
and community noise sources, their properties and re
sponse measures. Design procedures for noise control
in building technology and urban planning.

5150. ELECTRICAL ENGINEERING MATERI
ALS. (4 cr; prereq IT student or grad IT major, 3111,
Phys 3501 or #)
Electric, magnetic, and dielectric properties ofmateri
als as related to devices used in electrical engineering.

5160. PHYSICAL ELECTRONICS. (4 cr; prereq IT
student or grad IT major, 5150 or #)
Physics ofsolid state electronic devices important to
electrical engineering: p-njunctions, Schottky barri
ers, BJTs, MOSFETs, semiconductor laser; topics of
current interest.

5162. SOLID-STATE TRANSDUCERS. (3 cr; pre
req 5150, 5160 or $, IT student or grad IT major)
Design and operation of solid state devices used for
transducing physical and chemical signals.

5202. ANALOG COMMUNICATION. (3 cr; prereq
IT student or grad IT major, 3012, Stat 3091 or #)
Selected topics in analog communication systems:
Amplitude and frequency modulation. Spectral analy
sis and effect ofnoise in modulation systems.
Detection.



5203. DATA COMMUNICATION. (3 cr; prereq IT
student or grad IT major, 3012, Stat 3091 or #)
Selected topics in pulse and digital communication
systems: pulse modulation systems, pulse-code modu
lation. Data transmission systems including phase
shift keying and frequency-shift keying. Effect of
noise. Coding.

5240. ANALOG COMMUNICATIONS LABORA
TORY. (l cr; prereq %202)

5241. DATA COMMUNICATIONS LABORA·
TORY. (l cr; prereq ~5203)

5252. DIGITAL CONTROL SYSTEMS. (3 cr; pre
req IT student or grad IT major, 3351 and 3352 or
equiv, 5002 or ~5002 or #)
Time- and frequency-domain analysis of discrete-time
and digital control systems. Data conversion and in
terfacing. Digital computers as control system compo
nents. Software and hardware considerations in
digital control system design.

5253. LINEAR CONTROL SYSTEMS. (3 cr; prereq
IT student or grad IT major, 3012 or #)
Modeling, characteristics, and performance offeed
back control systems. Stability, root-locus and fre
quency- response methods. Compensator design.

5290. DIGITAL CONTROL SYSTEMS LABORA·
TORY. (l cr; prereq ~5252)

5291. LINEAR CONTROL SYSTEMS LABORA
TORY. (l cr; prereq ~5253)

5300. ELECTROMECHANICS. (4 cr; prereq IT stu
dent or grad IT major, 3011, 3110)
Principles ofelectromechanical energy conversion
with applications to actuators, transducers, and rotat
ing machines. Performance characteristics derived
from analytical models of ac and dc machines.

5310. ELECTRIC POWER SYSTEMS. (4 cr; prereq
IT student or grad IT major, 5300 or #)
Introduction to power system engineering. Modeling
ofpower system components: transformers, syn·
chronous generators, transmission lines, cables, and
circuit breakers. Describing equations for power net
works. Solution techniques for load-flow and fault
studies. Power system relaying.

5315. ELECTROMECHANICS IN ROBOTICS. (4
cr; prereq 3012,5300 or #)
Modeling ofmechanical system elements. Sensors and
encoders for speed and position control. Mathematical
modeling and control of dc-, "brushless" dc-, induct
ion., and stepper-motors in incremental motion sys
tems. Torsional resonances and optimum design in
high performance systems. Design examples.

5322. ELECTROMECHANICAL PROCESSES
AND DEVICES. (4 cr; prereq IT student or grad IT
major, 5300 or #)
Principles of electromechanical energy conversion.
Modeling ofrotating machines. Computer-aided
steady-state analysis ofDC and AC machines. Special
purpose devices: Single-phase machines, linear ma
chines, stepper motors. Solid-state motor control.

Electrical Engineering

5332, 5333. ENERGY CONVERSION METHODS.
(4 cr per qtr; prereq 3060, 3111, Phys 3501 or ME 3301
or#)
Principles ofenergy conversion systems: thermody
namic considerations, various nonconventional en
ergy conversion systems with emphasis on technical,
environmental, and economic problems. Special topics
ofcurrent interest.

5355. MICROPROCESSOR INTERFACING
AND SYSTEM DESIGN. (4 cr, §5352; prereq upper
division IT major, 3351, 3352)
Microprocessor interfacing. Memory devices. Parallel
and serial input/output: techniques and devices.
Analog device interfacing. Direct memory access. De
sign of microprocessor based systems. Integral
laboratory.

5470. DIRECTED STUDY. (Cr ar [may be repeated
for crl; prereq lI)
Studies of approved topics, theoretical or experimen
tal in nature.

5478-5479. INDUSTRIAL ASSIGNMENT III
IV. (2 cr per qtr; prereq 3477, regis in intern program)
Industrial work assignment in engineering intern
program. Grade based on student's formal written re
port covering the quarter's work assignment.

5490H-5491H-5492H HONORS PROJECT. (3 cr
per qtr; prereq lI)
Design project for students in electrical engineering
honors program.

For Graduate Students and Qualified
Seniors
5500-5501-5502. SYNTHESIS OF ACTIVE AND
PASSIVE NETWORKS. (3 cr per qtr; prereq grad
standing or #)
5500: Indefinite admittance matrix. Two-port parame
ters: properties and applications. Properties and
realization ofLC, RC, and RLC immittances. Com.
puter-aided approximation ofgain and phase specifi
cations (Butterworth, Chebyshev, Thompson, elliptic,
general); frequency transformation.
5501: Properties of transfer functions. Computer
aided design ofLC, RC, and RLC filters to satisfy mag
nitude or phase specifications. Magnitude and phase
equalizers. Sensitivity oflossless two-ports.
5502: Design of active filters. Properties of active
devices. Sensitivity. Design ofsingle.amplifier and
multi-amplifier biquads. Realization of high-order
transfer functions (cascade approach and ladder simu
lations). Theory and design of switched-capacitor
filters.

5511-5512. DIGITAL FILTERS AND SIGNAL
PROCESSING. (3 cr per qtr; prereq grad standing or
#)
5511: Theory ofdiscrete-time systems, Z-transform,
sampling and interpolation. Discrete-Fourier trans
form. Several methods ofdesigning finite-impulse-re
sponse (FIR) and infinite-impulse-response filters.
5512: Quanti zation effects. Theory of two-dimen
sional digital filters and image processing. Fast·
Fourier transform and applications ofdigital signal
processing. Adaptive and homomorphic filtering.
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Course Descriptions

5560. BIOMEDICAL INSTRUMENTATION. (4 cr;
prereq #)
Biological signal sources. Electrodes, microelectrodes,
other transducers. Characteristics of amplifiers for
biomedical applications. Noise in biological signals.
Filtering, recording, and display. Protection ofpa
tients from electrical hazard. Experiments in neural
and muscle stimulation, EKG and EMG recording,
neuron simulation, filtering and low-noise amplifiers.

5571. VLSI ENGINEERING: CIRCUIT DESIGN.
(3 cr; prereq grad standing in EE, CSci, or Phys or # )
Design oflarge monolithic circuits at transistor, cir
cuit, gate, register, and subsystem levels. Presenta
tion ofmathematical abstractions, discussion of
physical complications. Emphasis on VLSI and wafer
scale integration. Testability, error correction, fault
tolerance, and yield management treated as insepara
ble from design effort.

5572. VLSI ENGINEERING: CHIP LAYOUT. (3
cr; prereq 5571)
NMOS, CMOS, and bipolar technologies. Application
of graph theory to chip layout. Design rules and vali
dation techniques. Strategies for layout ofmicrocells
and macros.

5573. VLSI ENGINEERING·TEST TECHNOL·
OGY. (3 cr; prereq 5572)
Trinary classification of faults and errors. Hardware
description languages. Transistor-level test and diag
nostics, with emphasis on memory chips. Circuit con
figurations for level-sensitive-scan, self-test, error
correction, and entropic fault tolerance. Yield man
agement and hierarchial redundancy for wafer-scale
integration.

5574-5575t. COMPUTER·AIDED VLSI DESIGN
LABORATORY. (3 cr per qtr; prereq #,5571 or
~5571 for 5574 ...5574,5572 or ~5572 for 5575 )
Creative use ofdesign aids in parameter extraction,
schematic capture, chip layout, channel-routing,
maze-routing, multi-level simulation, and artwork
verification. Complete design of integrated circuits in
MOS and bipolar technologies. Designs evaluated by
computer simulation.

5576. VLSI MODELING AND PROCESSING. (3
cr; prereq 5572 or #)
Advanced modeling and processing; arithmetic con
siderations. Algorithmically specialized processors: lo
cality, pipelining, interconnection patterns. Special
algorithms for signal processing, finite element prob
lems, tree search (optimization).

5605. MICROWAVE CIRCUITS. (3 cr; prereq 3111,
3062, or #)
Design of microwave semiconductor amplifiers and os
cillators using S-parameter techniques. Realization of
circuits with microwave transistors and microstrip
line. Broadband, high-power,low.noise
considerations.
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5606. ANTENNA THEORY AND DESIGN. (3 cr;
prereq 3111 or #)
Fundamentals of antenna design for transmission and
reception at radio and microwave frequencies. An·
tenna analysis techniques. Antenna applications
including linear, loop, microstrip, aperture, and trav
eling wave antennas; broadband antennas and an
tenna arrays.

5610. ENGINEERING APPLICATIONS OF CO·
HERENT LIGHT. (3 cr; prereq 5100 or Phys 3011 or
#)
Sources ofcoherent light. Coherent light beams with
treatment of coherence, diffraction, Gaussian beams,
and phase locking. Properties and uses of crystalline
materials as modulators. Topics include holography,
integrated optics, and laser-induced fusion.

5620. ENGINEERING ACOUSTICS. (4 cr; prereq
ITsror#)
Radiation and reception of acoustic waves. Acoustic
sensors. Waveguides, cavities, and wave filters.
Acousto- electric analogies and transducers. Methods
of linear acoustic wave system theory applied to un
derwater sound, speech processing, and imaging.

5625. FOURIER OPTICS. (4 cr; prereq 3011, 3111,
or#)
Fourier analysis ofoptical systems and images with
applications to spatial filtering, optical information
processing, and holography. Fresnel and Fraunhofer
diffraction. Current topics such as speckle interfer
ometry, hybrid (optical- digital) information process
ing systems, and computer-generated holograms.

5630. CONTEMPORARY OPTICS. (4 cr; prereq
5100 or Phys 3012 or #)
Current developments in optics. Theory oflasers and
their applications in holography, nonlinear optics, etc.
Nonlinear optics. Optics ofanisotropic media. Theory
of image formation and spatial filtering. Properties of
optical detectors.

5650. DYNAMICAL METHODS IN ELECTRI·
CAL ENGINEERING. (3 cr; prereq #)
Lagrange and Hamilton formulations ofdynamics,
with applications to electromagnetic systems. La
grange equations; dissipative forces, normal coordi
nates and small oscillations; Hamilton equations;
variational principles for discrete and continuous
systems.

5651. THERMODYNAMIC METHODS IN ELEC·
TRICAL ENGINEERING. (3 cr; prereq #)
Basic thermodynamic concepts and laws with applica
tions to electromagnetic systems. Energy, entropy,
and thermodynamic potentials; application to electri
cally and magnetically polarizable materials, rigid or
elastic, piezoelectricity, magnetostriction, thermoelec
tricity, reciprocal relations in reversible and irre
versible processes.



5652. STATISTICAL-MECHANICAL METHODS
IN ELECTRICAL ENGINEERING. (3 cr; prereq
5650,5651 or #)
Classical and quantum-statistical mechanics with ap
plications to materials and problems ofelectrical engi
neering. Statistical ensembles, phase space, Liouville
theorem, the canonical ensemble, the partition func
tion. Classical and quantum statistics. Relation be
tween statistical mechanics and thermodynamics.
Classical and quantum calculations ofsusceptibilities.

5654-5655-5656. HIGH-SPEED, COMPOUND
SEMICONDUCTOR DEVICES I-II-III. (3 cr per
qtr; prereq ~5660 or #)
5654: Group III-V materials for devices; electron
transport in GaAs; materials, requirements, and
technology.
5655: Digital GaAs integrated circuits; monolithic
GaAs microwave circuits; FET fabrication technology;
other microwave devices; modulation-doped FET's.
5656: Metal-semiconductor contacts for III-V semicon
ductors; transferred electron devices: GaAs FET's.

5660-5661-5662. SEMICONDUCTOR PROPER
TIES AND DEVICES. (3 cr per qtr; prereq 3101 or
#)
Principles and properties of semiconductor devices.
Selected topics in quantum and statistical mechanics,
crystal structures, semiconductor properties; transis
tor action and other device phenomena; influence of
surfaces. Treatment ofactual devices. Large-scale, in
tegrated-circuit principles.

5666-5667-5668. MAGNETIC PROPERTIES OF
MATERIALS AND APPLICATIONS. (3 cr per qtr;
prereq #)
5666: Magnetic measurement techniques, physical
principles ofmagnetism, and properties of magnetic
materials with applications. 5667: Physical principles
ofcrystalline and induced magnetic anisotropy, mag
netostriction, magnetic domains and the magnetiza
tion process, fine particles and thin films and
magnetization dynamics. 5668: Properties of soft and
hard magnetic materials with applications such as
thin film memories, permanent magnets, magnetic
recording, and magneto-optics.

5669. MAGNETIC RECORDING. (3 cr; prereq #)
Review of fundamental magnetic concepts relevant to
magnetic recording. Introduction to basic models of
longitudinal and perpendicular magnetic recording
and reproduction processes. Comparison of design,
fabrica tion, and performance of conventional and thin
film heads, tapes, disks, and recording systems.

5670. BASIC MICROELECTRONICS. (4 cr; prereq
#)
Experimental and theoretical studies of the basic
physical processes used in microelectronic device fab
rication. Transistor and integrated circuit layout, fab
rication, and evaluation.

Electrical Engineering

5680. PRINCIPLES OF THIN FILM TECHNOL
OGY. (4 cr; prereq #)
Introduction to principles offabrication, characteriza
tion, and processing ofthin films for engineering ap
plications. High-vacuum systems, thin film deposition
techniques, energetics and kinetics ofthin film forma
tion, and electrical, dielectric, magnetic, optical, and
piezoelectric properties of thin films. Laboratory.

5700. INFORMATION THEORY AND CODING.
(3 cr; prereq IT sr or grad or adult special, Stat 3091 or
#)
Discrete information sources and channels, source en
coding, the binary channel and Shannon's theorem.
Block codes for the binary channel.

5702. STOCHASTIC PROCESSES AND OPTI
MUM FILTERING. (3 cr; prereq Stat 3091, grad
standing or #)
Stochastic processes, linear system response to
stochastic inputs. Gaussian process, Markov process.
Linear filtering, maximum likelihood estimate,
stochastic control.

5750. TOPICS IN LINEAR SYSTEMS. (3 cr; pre
req grad standing, Math 5242 or ~Math 5242 or #)
State variable and input/output models oflinear sys
tems. Controllability, observability, stability, mini
mality, and structure. State variable feedback and
observers.

5751. LINEAR OPTIMAL CONTROL. (3 cr; prereq
grad standing. 5750 or #)
Time- and frequency-domain models of multiple-in
put-multiple-output systems. Linear-quadratic and
linear-quadratic-Gaussian problems. Properties of lin
ear-quadratic and linear-quadratic-Gaussian regula
tors. Output feedback and separation theorem.

5752. COMPTUER-AIDED DESIGN OF CON
TROL SYSTEMS. (3 cr; prereq grad standing, 5751
or#)
Development of control-system-design problem. Fre
quency response techniques in design of single-input
single-output and multiple-input-multiple-output
control systems. Robust control concepts. Computer
aided-design tools, application in design ofsingle-in
put-single-output and multiple-input-multiple-output
control systems with robust performance.

5760. BIOLOGICAL SYSTEM MODELING AND
ANALYSIS. (4 cr; prereq #)
Purposes ofbiological system modeling; advantages,
limitations, and special problems. Models ofnerve ex
citation and propagation. Biological control systems:
respiratory system, cardiovascular system. Sensory
organs and various theories ofperception. Limbs and
locomotion.

5802. ELECTRIC POWER SYSTEM ANALYSIS.
(3 cr; prereq #)
Formulation ofdescribing equations and advanced
computer methods ofanalysis oflarge-scale electric
power systems. Applications to the load-flow problem,
faulted-system calculations, stability studies, and eco
nomic environmental dispatch.
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5805. ELECTRIC POWER SYSTEM ENGINEER
ING. (3 cr; prereq #)
Control of large power systems. Power system over
voltages and transients caused by faults, switching
surges, and lightning. AC and DC electric power
transmission and distribution. overhead and under
ground. Environmental impact ofelectrical energy
systems. Current research topics.

5808. DIRECT-CURRENT POWER CONVER
SION AND TRANSMISSION. (3 cr; prereq #)
General aspects of DC power transmission and com
parison wi th AC transmission. Theory ofoperation
and control of solid state ACiDC power converters.
Transients due to long DC transmission lines. System
protection and harmonic filtering. Environmental im
pact. Current research topics.

5814. SWITCHED MODE POWER ELECTRON
ICS. (3 cr; prereq 3061, 3402 or grad standing or #)
Overview ofpower capabilities and switching speeds
ofpower semiconductor devices. Generic converter to
pologies and regulation techniques. Application and
design of generic circuits such as switching power sup
plies, inverter devices for motors, battery chargers,
uninterruptible power supplies, windJphotovoltaic
inverters.

5815. SWITCHED MODE POWER ELECTRON
ICS II. (3 cr; prereq IT sr or grad or EE adult special,
5814 or #)
Limitations and methods of increasing power capabili
ties of switching devices. Device physics, switching
characteristics, gatelbase drives, stress reduction and
loss considerations in using devices such as BJTs,
MOSFETs, Gate-Turn-OffThyristors. Future develop
ments. Passive components and circuit layout in
switched mode power electronics.

5816. SWITCHED MODE POWER ELECTRON
ICS LABORATORY. (2 cr; prereq ~5815 or #)
Switching characteristics ofpower semiconductor
devices. Gatelbase drives and snubbers. DC to DC con
verter circuits. Design and control of a switching
power supply. Drives for dc-, induction-, "brushless"
dc-, and stepper-motors. Battery chargers and unin
terruptible power supplies. Other residential and in
dustrial application.

5820. ELECTROMECHANICAL SYSTEM DY
NAMIcs. (3 cr; prereq #)
Electromechanical transducers and rotating machines
and their dynamic performance in systems. State
models ofmachines. Computer-aided analysis oftypi
cal transient operations. Small-signal analysis. Tran
sient stability ofpower systems. Electromechanical
components in control systems. Engineering
applications.

5851. APPLIED SWITCHING THEORY. (3 cr;
prereq 5051 or #)
Boolean algebra. Synthesis with practical logic cir
cuits. Combinational logic hazards. Sequential circuit
theory and practical design techniques.
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5852-5853. DIGITAL COMPUTER SYSTEMS. (3
cr per qtr; prereq 3351, 3352, or #)
Digital computer organization; register.level simula
tion; control unit design; microprogramming; memory
organization. Input/output techniuqes; arithmetic
unit design. Features oflarger computers.

5854. ADVANCED COMPUTER NETWORKS. (3
cr; prereq grad IT major or EE adult special, CSci 5211
or#)
International Standards Organization \ISO) network
architecture. Topology analysis. Data communication.
Satellite and packet radio networks. Distributed sys
tems and case studies.

5860. MICROCOMPUTER ARCHITECTURE. (4
cr; prereq IT grad and 5355, or #)
Advanced microprocessor organization, 16- and 32-bit
microprocessors, microprocessor bus structures, ex
ception processing, interrupts, and virtual memory.
Coprocessor organizations and multiprocessor sys·
tems. Design for testability. Integral laboratory.

5960-5961. ENGINEERING DESIGN. (3 cr per qtr;
prereq #)
Application of mathematical and computational tech
niques to design problems chosen from wide range of
engineering disciplines. Frequent use of interdisci
plinary problems. Topics include classical control the
ory, discrete-time systems, state-space analysis,
distributed systems, microprocessors, and appropriate
mathematical and statistical techniques. Weekly
written reports required.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8000. ADVANCED TOPICS IN NETWORK THE·
ORY

8051-8052·8053. LARGE-SCALE INTEGRATED
CIRCUITS

8060. BIPOLAR TRANSISTOR THEORY

8062. HETEROJUNCTION MICROWAVE
DEVICES

8090. ELECTRONICS SEMINAR

8110-8111-8112. PLASMA PHYSICS

8120-8121-8122. FUNDAMENTALS OF ACOUS
TICS

8140. SEMINAR: PLASMA PHYSICS

8143. SEMINAR: MODERN OPTICS

8153-8154·8155. PROPERTIES OF SEMICON
DUCTORS

8156-8157-8158. FERROMAGNETISM AND RE
LATED PHENOMENA

8160-8161·8162. QUANTUM ELECTRONICS

8170-8171-8172. FLUCTUATION PHENOMENA
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Extractive Metallurgical Engineering

8190. SEMINAR: QUANTUM ELECTRONICS

8191. SEMINAR: SURFACE PHYSICS

8192. SEMINAR: MAGNETICS

8203·8204. SIGNAL DETECTION AND ESTIMA·
TION THEORY WITH APPLICATIONS

8206. DIGITAL IMAGE PROCESSING

8211. CODING THEORY

8220. TOPICS IN STATISTICAL THEORY OF
COMMUNICATION

8240. SEMINAR: COMMUNICATION

8250·8251·8252. ADVANCED CONTROL TOP·
ICS

8253. TOPICS IN LARGE-SCALE SYSTEM

8256. TOPICS IN STOCHASTIC FILTERING
AND CONTROL

8257,8258. ADVANCED SYSTEMS THEORY I,
II

8260. TOPICS IN NONLINEAR SYSTEMS

8290. SEMINAR: CONTROL THEORY

8291. SEMINAR: SYSTEM THEORY

8300·8301·8302. ADVANCED POWER SYSTEM
TOPICS

8340. SEMINAR: ELECTRIC POWER

8341. SEMINAR: ENERGY CONVERSION

8352. FAULT DIAGNOSIS AND RELIABLE
DESIGN

8353. SEQUENTIAL CIRCUIT THEORY

8355. COMPUTER ARCHITECTURE I

8356. COMPUTER ARCHITECTURE II

8390. COMPUTER SYSTEMS SEMINAR

8450. SPECIAL INVESTIGATIONS

8451. ADVANCED TOPICS IN ELECTRICAL
ENGINEERING

8490,8491,8492. GRADUATE SEMINAR

Extractive Metallurgical
Engineering (MetE)
5100. CHEMICAL METALLURGY I. (4 cr; prereq
IT upper division, chern 1005, 1032; 3lect and 1 rec
hrs per week)
Introduction to metallurgical thermodynamics, metal
lurgical equilibria, and activity concept.

5101. CHEMICAL METALLURGY II. (4 cr; prereq
IT upper division, MetE 5100; 3lect and 1 rec hrs per
wk)
L'lG8-T relationships; surface tension and interfacial
phenomena. Kinetics applied to metallurgical
processes.

5102. CHEMICAL METALLURGY III. (4 cr; pre
req IT upper division, MetE 5101; 3lect and 1 rec hrs
perwkJ
Electrochemistry aplied to metallurgical processes
and systems.

5201. ORE MICROSCOPE. (3 cr; prereq IT upper
division and permission ofdepartment; 2lect and 2
lab hrs per week)
Application of microscopy to discover mineralogical
and textural factors that exercise fundamental control
over beneficiation processes.

5500,5501,5503. METALLURGICAL ENGI·
NEERING DESIGN I, II, III. (4 cr per qtr; prereq #;
12 design hours per week)
Practicum project in metallurgical engineering.

5502. METALLURGICAL ENGINEERING
FIELD STUDY. (2 cr; prereq #; 2 weeks during
summer)
On-site inspection of mineral processing, extractive
metallurgy, fabrication and manufacturing, and
metallurgical research organizations in selected area
ofUnited States and Canada.

5800. MINERAL PROCESSING I. (4 cr; prereq IT
upper division; 4 lect hrs per week)
Introduction to unit operations of mineral processing.
Size reduction, classification, mineral separation, and
auxiliary operations. Application ofphysical and
chemical principles to mineral processing problems.

5801. MINERAL PROCESSING II. (4 cr; prereq IT
upper division; 3 lect and 3 lab hrs per week)
Chemical, physical, and engineering aspects offlota
tion, tickening and filtration.

5900. METALLURGICAL HEAT TRANSFER
AND FLUID FLOW. (4 cr; prereq IT upper division;
4lect hrs per week)
Fluid flow and heat transfer concepts in metallurgical
systems. Theory and correlation to industrial practice.
Applications to temperature measurements, thermal
insulation, and heating and cooling ofsolid bodies.

5901. PRINCIPLES OF METALS EXTRACTION.
(4 cr; prereq IT upper division; 3lect and 1 rec hrs per
week)
Overall evaluation of (a) pyrometallurgical, hy
drometallurgical, and electrometallurgical extraction
of metals from their concentrates, e.g., extraction of
Cu, Ni, Pb, Zn, Mg, A., Ti, ironmaking and steelmak
ing, (b) metal melting and recycling.

5902. PYROMETALLURGICAL PROCESSES. (4
cr; prereq 5901 or #; 3lect and 1 rec hrs per week)
Thermodynamic and kinetic evaluation of (a) py
rometallurgical unit operations for extraction of
nonferrous and ferrous metals from their concen
trates, (b) structure and functions of slags, fluxes, and
refractories.
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5903. HYDROMETALLURGY. (4 cr; prereq 5100,
5101,5102 or #; 31ect and 3 lab hrs per week)
Preparation ofores, concentrates, and secondary
metals; thermodynamic, kinetic, electrochemical, and
mineralogical aspects of leaching; practical leaching
systems; purification ofleach solutions by chemical
precipitation, ion exchange, and solvent extraction;
recovery of values in purified solutions; application in
practice with flowsheets.

5940,5941,5942. SPECIAL PROBLEMS IN
METALLURGICAL ENGINEERING. (Cr ar)
Literature survey, research, design, feasibility studies
in metallurgical engineering.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8000-8001. APPLIED PROCESS METALLURGY
I,ll

8401-8402-8403. SEMINAR IN METALLURGI
CAL ENGINEERING

8830. ELECTRIC AND MAGNETIC SEPARA
TION OF MINERALS

8838-8839. OPTIMIZATION AND CONTROL
TECHNIQUES IN MINERAL PROCESSING I,ll

8842. SURFACE CHEMISTRY OF MINERAL
SUSPENSIONS

8921-8922-8923. RESEARCH IN EXTRACTIVE
METALLURGICAL ENGINEERING

8930-8932-8934. PHYSICAL CHEMISTRY OF
HIGH TEMPERATURE METALLURGICAL RE
ACTIONS I,ll, III

Geo-Engineering (GeoE)
3012. GEO-ENGINEERING SURVEYING. (2 cr;
prereq IT student, CE 3100 or #)
Mine and geologic field survey control systems. Trian
gulation, stadia, plane table. Compass surveys. Drill
hole and joint systems surveys. Point and stereo dia
grams. Underground mine survey control, meridian
transfer, gyrotheodolite, stope surveys, special
problems.

3300. GEO-ENGINEERING MATERIALS. (4 cr;
prereq IT student, AEM 1015,3016)
Physical properties of rocks, soils, and other engineer
ing materials. Significance of geological structure on
rock strength. Effective stress. Yield and failure crite
ria. Laboratory testing program.

5180. GEOCHEMICAL EXPLORATION. (3 cr;
prereq IT sr or #)
Geochemical principles and techniques involved in
the search for ore bodies. Basic premises, primary and
secondary distribution halos, Eh-pH, geochemical
provinces, interpretation of data, case studies. Labora
tory work on colorimetric analysis of rock, soil, water.
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5190. MINING GEOLOGY. (4 cr; prereq IT student
or grad IT major, GeoE 5260 or #)
Analysis ofgeologic guides and techniques in the loca
tion and delimitation of ore bodies. Geologic environ
ment of typical ore bodies ofeconomic minerals.
Application of geologic theory, data, and techniques in
mineral exploration.

5216. GEO-ENGINEERING I. (3 cr; prereq IT stu
dent or grad IT major)
Site plans, geologic defects, rock properties, geophysi
cal methods, vibration damage criteria, design of rock
mass improvement systems including rock bolting,
prestressing, and grouting. Cleft-water pressures,
case histories.

5218. TUNNEL TECHNOLOGY. (3 cr; prereq IT
student or grad IT major, 5302 or #)
Tunneling systems, site problems. Analysis ofstress
and load. Design oflinings and support. Materials
handling. Planning. Special problems. Case histories.

5260. DRILLING AND BLASTING TECHNOL
OGY. (2 cr; prereq CE 3300 or #, IT student)
Rock fracture under surface loading. Mode of activity
and performance of rotary, rotary-percussive, and per
cussive drills. Properties of explosives, Rock fracture
under explosive load. Techniques for controlled blast
ing.

5262. GEO-ENGINEERING ANALYSIS. (4 cr; pre
req sr IT student or grad IT major, or #; 8 lab hrs per
wk)
Comprehensive analysis of a geological engineering or
rock mechanics problem chosen by the student and
staff. Involves the integration of concepts of rock and
soil mechanics, geology and geophysics, mineral engi
neering and economics. Preparation of a professional
report.

5300. THEORY OF GEOMECHANICS. (4 cr; pre
req IT student or grad IT major, CE 3300; 3 lect and 2
rec hrs per wk)
Groundwater flow. Introduction to linear elasticity.
Consolidation; settlement calculations. Limit analy
sis, bearing capacity.

5302. APPLIED ROCK MECHANICS. (4 cr; pre
req IT student or grad IT major, 5300)
Principles and techniques of site investigation in rock.
Design ofsurface and underground excavations, in
cluding excavation and mine stability, and methods of
ground control. Application of numerical models in
design.

5437. COMPUTER APPLICATIONS IN GEO
LOGICAL ENGINEERING. (4 cr; prereq CE 3020,
Math 3221 or 3212, or #; upper div CE, GeoE, or MinE
major)
Three methods (finite differences, finite elements,
boundary elements) for solution ofproblems in hydrol
ogy, structural engineering, geomechanics, and envi
ronmental engineering that reduce to partial
differential equations. Each method illustrated in con
text ofpractical problems.
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5660-5661-5662. SPECIAL GEO-ENGINEERING
PROBLEMS. (Cr and hrs ar; prereq IT sr or #)
Literature survey. research work, or design study in
geo-engineering problems.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8336. ANALYTICAL METHODS IN ROCK ME
CHANICS

8350-8352. ADVANCED ROCK MECHANICS I
II

8601-8602-8603. SEMINAR

8612-8613-8614. RESEARCH PROBLEMS

Geology and Geophysics (Geo)
100lf,w,s. PHYSICAL GEOLOGY. (5 cr; 4lect hrs
and one 2-hr lab per wk) Staff
A nonmathematical survey of earth; its internal and
external structure; earthquakes and volcanoes,
glaciers, mountain building and destruction, conti
nent formation, seafloor spreading, resources for our
future.

1002w,s. HISTORICAL GEOLOGY. (4 cr; prereq
1001; 3lect hrs and one 2-hr lab per wk) Sloan
Evolution of earth from its origin to present; the suc
cession of physical and biological events ofpast 600
million years.

1005w. GEOLOGIC PERSPECTIVES ON EN
ERGY. (4 cr; 4lect hrs per wk) Alexander, Shaw
Introduction to the geologic aspects of energy re
sources, conventional and unconventional. History of
energy use, distribution and amounts ofknown and
potential reserves, environmental aspects and impli
cations of US consumption patterns.

1007s. ENVIRONMENTAL GEOLOGY. (4 cr; pre
req 1001)
Geological application in resource management, land
use planning, technology, and conservation. Geologi
cal evolution of the biosphere and the impact ofhu
man activities on land, sea, and air resources.
Geological hazards. The Twin Cities metropolitan
area as a geological environment. Lectures, labs, and
field trips.

1012f. ROCKS AND PLANETS. (4 cr; 3lect and 1
lab hrs per wk) Alexander
Nonmathematical introduction to planetology. Origin
ofelem~nts,solar system, earth, life. Spaceship Earth,
pOSSibilItIes for extraterrestrial life.

1013f. ORIGIN AND EVOLUTION OF LIFE. (4 cr;
3lect and 1 lab hrs per wk) Sloan
Geological evidence of the origin and increasing com·
plexity of living systems, including biogenesis single
cell organisms, plants, animals, and ecosyste~s.
Problems ofextraterrestrial life.

Geology and Geophysics

1111s. INTRODUCTORY PHYSICAL GEOL
OGY. (5 cr; prereq high school or college chemistry or
#; 31ect hrs, 1 rec hr, and two 2-hr labs per wk) Staff
For prospective majors and others desiring a more in
tensive lecture and laboratory sequence than 1001.

1601w. OCEANOGRAPHY. (4 cr; 3lect and 1lab
hrs per wk) Shapiro, Barnwell
How various processes in the ocean interact; analogies
between the oceans and Lake Superior and smaller
lakes in Minnesota. Topics include marine biology,
waves, tides, chemical oceanography, marine geology
and human interaction with the sea. Lab work in
cludes study of live marine invertebrates and manipu
lation ofoceanographic data.

3102s. PETROLOGY. (5 cr; prereq 3401 or #, Geo,
Geophys, GeoE, or MinE major)
Stout Introduction to lithologic character and genesis
of igneous and metamorphic rocks.

3112f. EARTH HISTORY. (5 cr; prereq 1111 or #; 3
lect hrs, 1 rec hr, two 2-hr labs per wk) Sloan
For prospective majors and others desiring a more in
tensive course than 1002.

3401w. INTRODUCTORY MINERALOGY. (5 cr,
§5004, 5404; prereq 1001 or 1111 or #, 1 term college
chemistry, Math 1221; 3lect and 6lab hrs per wk)
Zoltai
Crystallography, crystal chemistry, and crystal
physics. Physical and chemical properties, crystal
structures, and chemical equilibria of the major min
eral groups. Laboratory includes crystallographic, po
larizing microscope, X- ray powder diffraction
exercises, and hand specimen mineral identification.

3990. PROBLEMS IN GEOLOGY. (1-6 cr; prereq #
and 6)
Research or problem selected on basis of individual in
terests and background.

50028. STRUCTURAL GEOLOGY. (4 cr, §5201 or
equiv; not open to geology, geophysics, geo-engineer·
ing, mineral engineering majors; prereq 3401 or 5004
or #; 3lect and 2 lab hrs per wk) Hudleston
Primary and secondary structures of rocks, mechanics
and modes ofdeformation, and structural techniques.
Laboratory exercises in three-dimensional represen
tation and solution of selected structural problems.

5004w.· MINERALOGY. (4 cr, §3401; not open to
geology, geophysics, and geological or mineral engi
neering majors; prereq Math 1221, 1 term college
chemistry, and #; 3lect and 6lab hrs per wkJ Zoltai
For description, see 3401.

50518u. PHYSICAL GEOLOGY FOR TEACH
ERS. (4 cr, §1001, §1111; prereq education degree, 1
term college chemistry or physicsJ
Introduction to scientific methods and nature of the
earth; main features of physical world and processes
that have formed them.
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5052su. HISTORICAL GEOLOGY FOR TEACH·
ERS. (4 cr, §1002, §3112; prereq education degree,
1001 or 1111 or 5051 or #)
Introduction to origin of the earth, physical evolution
of its crust through geological time, and biological
changes that occurred during its history. Laboratory,
fieldwork, and seminar.

5100. ADVANCED GENERAL GEOLOGY. 0-2 cr
per qtr; SoN only; prereq 1001 or 1111. and #) Staff
Seminar course on geology of an area, followed by field
trip to the location being studied. Region studied will
vary from year to year.

5108w. ADVANCED ENVIRONMENTAL GEOL·
OGY. (4 cr; prereq geology core courses 1111 through
5201 or equiv or #) Pfannkuch
Human impact on the geological environment and the
effect of geology/geologic processes on human life from
the point of view ofecosystems and biogeochemical cy
cles. Geologic limits to resources and carrying capac
ity of the earth. Land use planning, environmental
impact assessment, ecogeologic world models. Field
project.

5111su. FIELD GEOLOGY. (5-9 cr; open only to ge
ology, geophysics, and geo-engineering majors; prereq
5201, #)
Geologic mapping on topographic maps and aerial
photos, field identification of igneous. sedimentary,
and metamorphic rocks, measurement ofstrati
graphic sections, study ofstructural and geomorphic
features. Major report on fieldwork required.

5151f. INTRODUCTION TO PALEONTOLOGY.
(5 cr; prereq 1002 or 3112 or #) Sloan
Introduction to morphology and classification of major
fossil groups.

5152. INVERTEBRATE PALEONTOLOGY. (5 cr;
prereq 5151; 31ect and 41ab hrs per wk; offered when
demand warrants) Staff
Detailed study of morphology, classification, and ecol
ogy of selected groups of invertebrate fossils.

5154w. VERTEBRATE PALEONTOLOGY I. (5
cr; prereq 5151 or EBB 5114) Sloan
Morphology, evolution, and stratigraphic distribution
offossil fish, amphibians, reptiles, and birds.

5155s. VERTEBRATE PALEONTOLOGY II. (5
cr; prereq 5154 or EBB 5114) Sloan
Morphology, evolution, and stratigraphic distribution
offossil mammals.

5156. ZOOARCHAEOLOGY. (5 cr; primarily for
paleontology, anthropology or classics students; pre
req 5155 or #; 3 lect and 21ab hrs per wk; offered
1983-84 and art yrs) Sloan
Identification and interpretation ofanimal remains in
an archaeological context.

5201. STRUCTURAL GEOLOGY. (5 cr; prereq
3401; 3102; IT: upper division major in Geo, Geophys,
GeoE, MinE; CLA: jr or sr GEO major; or #)
Hudleston
Primary and secondary structures of rocks, mechanics
and modes ofdeformation, introduction to field meth
ods in geology. Field trips.
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5202. TECTONIC STYLES. (3 cr; prereq 5201 or #;
3lect hrs per wk; offered 1984 and alt yrs) Hudleston
The origin and nature of major types of disturbances
affecting the continental crust, including analysis of
the form and development of individual structural
components.

5251s.* GEOMORPHOLOGY. (4 cr [5 cr with term
project]; prereq 1001, Math 1111 or #; 3lect, 2 lab hrs
per wk... lab often used for field trips) Hooke
The origin, development, and continuing evolution of
landforms in various environments. Environmental
implications are emphasized. Weathering, slope and
shore processes, fluvial erosion and deposition, wind
action, tectonics, and impact phenomena.

5253. SEDIMENT TRANSPORT MECHANISMS.
(3 cr; prereq 5251 or 5652 or CE 5410) Hooke
Properties of sediment, water bed interaction, types of
transport (bed load, suspended load), suspension of
sediment, sediment transport theories, consequences
of sediment movement in alluvial channels.

5255w.* GLACIOLOGY. (4 cr [5 cr with term pro
ject); prereq Math 3221 or equiv or #) Hooke
Theories ofglacier flow. Internal structures and heat
flow in glaciers and ice sheets. Reading assignments
and problems.

5261f.* GLACIAL GEOLOGY. (4 cr [5 cr with term
paper or map lab]; prereq 1002 or 3112) Wright
Formation and characteristics of modern glaciers; ero
sional and depositional features of Pleistocene
glaciers; history of Quaternary environmental
changes in glaciated and nonglaciated areas. Field
trips.

5311. GENERAL GEOCHEMISTRY. (4 cr; prereq
2 qtrs college chemistry or #) Seyfried, Ito
Principles pertaining to distribution and control
(structural, thermodynamic, kinetic) of chemical spe
cies in earth and hydrosphere.

5313. AQUEOUS GEOCHEMISTRY (4 cr; prereq
Chem 5520, 5311 or #) Seyfried
General principles ofsolution chemistry with applica
tion to geology including solution-mineral equilibria,
redox processes in natural waters, and geochemistry
ofhydrothermal fluids.

5321. NUCLEAR GEOLOGY. (4 cr; prereq 5311 or
#) Alexander, Ito
Introduction to theory and uses ofradioactive, radio
genic, and stable isotopes in geology. Radioactive dat
ing, geothermometry, and tracer techniques in
geologic processes.

5351f.* ECONOMIC GEOLOGY: METAL SUL·
FIDE DEPOSITS. (5 cr with lab, 4 cr without lab;
prereq 3401 or 5404,5201 or #) Sawkins
Nature and distribution of sulfide deposits, and analy
sis of the processes by which metals are concentrated
in magmatic, hydrothermal and sedimentary
environments.



5352. ECONOMIC GEOLOGY: FERROUS
METAL AND URANIUM DEPOSITS. (4 cr; prereq
3401,5201 or #) Sawkins
Environmental setting, mineralogy, and genesis of
ferrous metal ore deposits and nonmetallic deposits.

5404. MINERAL SYSTEMS l. (4 cr. §3401, §5004;
prereq 1 qtr chemistry) Zoltai
Crystallography: basic and compound symmetry oper
ations, point and space groups, crystal forms and coor·
dinate systems. Systematics of basic and derivative
close-packed and coordination polyhedral structures
of rock forming and ore minerals. Demonstrations of
crystallographic and crystal structural concepts.

5405. MINERAL SYSTEMS II. (4 cr; prereq 3401 or
5404, 1 qtr physics) Shaw
Review of optical mineralogy. Bonding and relative
size of atoms and ions. Chemical substitutions. Crys
tal growth and imperfections. X-ray powder diffrac
tion. Thermal, electric, elastic, and magnetic
properties of minerals. Absorption phenomena. Labo
ratory: optical mineralogy and crystal physics
exercises.

5452s.· IGNEOUS AND METAMORPHIC
PETROLOGY. (5 cr; prereq 3102, Chem 5520 or
5521, Math 3211 or #) Stout
Theoretical course that develops basic thermodynamic
tools and chemographic analysis for the interpretation
of chemical processes in igneous and metamorphic
rocks. Laboratory, field trip, problem sets, and term
paper.

5501w. GEOPHYSICAL METHODS IN GEOL·
OGY. (4 cr; prereq 3102; Phys 1291 or #; IT: upper di
vision student; CLA: jr, sr, or #)
Introduction to geophysical properties ofthe earth and
earth materials, internal structure and constitution,
geophysical exploration. methods of geologic interpre
tation, radioactivity and thermal structure of the
earth, physical basis for plate tectonics.

5505f. PHYSICS AND CHEMISTRY OF THE
EARTH I. (4 cr; prereq 1111 and Phys 1295) Mooney
Earthquake seismology; physical structure of the
earth's crust and deep interior.

5506w. PHYSICS AND CHEMISTRY OF THE
EARTH II. (4 cr; prereq 1111, Phys 1291; 5505 not re
quired) BaneIjee
Gravity and magnetic fields of the earth; paleomag
netism, thermal history of the earth.

5507s. PHYSICS AND CHEMISTRY OF THE
EARTH III. (4 cr; 5505 or 5506 not required) Alexan
der,Shaw
Origin and chemical evolution of the earth through
geologic time.

5511f.· PRINCIPLES OF GRAVITY AND MAG
NETIC EXPLORATION. (3 cr; prereq Phys 1291)
Instrumentation, surveying techniques, reduction of
data, interpretation, case histories.

Geology and Geophysics

5512w.· PRINCIPLES OF SEISMIC EXPLO·
RATION. (3 cr; prereq Phys 1291) Mooney
Reflection and refraction seismology; theory, interpre
tation, instruments.

5513s.· PRINCIPLES OF ELECTRICAL EX.
PLORATION. (3 cr; prereq Phys 1291) Mooney
Resistivity, electromagnetic, induced polarization,
and other methods.

5521. DATA PROCESSING METHODS IN
GEOPHYSICS. (3 cr; prereq 5512 and 1 year cal
culus) Mooney
Digital data processing techniques used in geophysi
cal exploration.

5531. HIGH PRESSURE MINERALOGY WITH
GEOPHYSICAL APPLICATION. (3 cr; prereq
3401 or #) Shaw
Phase transformation in solids at high pressures and
temperatures with emphasis on silicates and silicate
analogs, likely mineralogic constitution of the mantle,
and detailed structure of the mantle.

554lf.· GEOMAGNETISM. (3 cr; prereq 1 qtr each
of geology, physics, mathematics; offered 1984-85 and
alt yrs) BaneIjee
Present geomagnetic field, secular variation and west
ward drift, Dynamo Theory for the origin of the field.
Origin of natural remanent magnetization and its
stability, paleomagnetic measurement teChniques. ax
ial dipole hypothesis and virtual geomagnetic poles,
field reversal versus self-reversal. Polar wandering
and continental drift, seafloor spreading, and plate
tectonics.

560lf. LIMNOLOGY. (4 cr, §EBB 5601; prereq
Chem 1005 or equiv) Shapiro
Events occurring in lakes, reservoirs, and ponds, from
their origins through their physics, chemistry, and bi
ology. Emphasis on interrelationships of these
parameters and on effects of civilization on lakes.

5602f. CASE STUDIES IN LIMNOLOGY. (3 cr;
prereq 5601 or EBB 5601 and #) Shapiro
Detailed analysis of specific studies on lakes, and
problems oflakes throughout the world.

5603. GEOLOGICAL LIMNOLOGY. (4 cr; prereq
5601 or EBB 5601) Shapiro
Tectonic and climatic setting oflakes; physical, chem
ical, and biological processes of sedimentation in
lakes.

5611s. GROUNDWATER GEOLOGY. \4 cr; prereq
1001 or 1111, Math 1231, 1 qtr physics and chemistry
or #) Pfannkuch
Origin, occurrence, and movement ofgroundwater
viewed in the context of the hydrologic cycle. Charac
teristics of aquifer systems. Exploratory investiga
tions. Hydrogeologic units and boundaries of regional
systems. Analysis of surface water groundwater inter
action, recharge. Quality and chemistry ofgroundwa
ter supplies.

5615. PETROLEUM RESERVOIR GEOLOGY. (2
cr; prereq 1001 or #) Pfannkuch
Introduction to subsurface geology and its application
to evaluation ofpetroleum and natural gas reservoirs.
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5621. LIMNOLOGY LABORATORY. (2 cr, §EBB
5621; prereq 5601 or EBB 5601 or #) Shapiro
Laboratory to accompany Geo 5601 (EBB 5601). Tech
niques for obtaining information about conditions in
lakes and streams. Procedures for measuring abun
dance and population dynamics of aquatic organisms,
with emphasis on plankton. Field instruments, sam
pling devices, chemical analyses. microscopy, and
analysis ofdata. One Saturday field trip.

5651. SEDIMENTOLOGY. (5 cr; prereq 3102; IT:
upper division major in Geo, Geophys, GeoE, MinE;
CLA: jr or sr Geo major; or #) Paola
Interpretation oforigin ofsedimentary rocks through
application of basic physical and chemical principles,
understanding ofmodern depositional environments,
and petrographic microscopy.

5652. SEDIMENTARY PETROLOGY AND PRO
CESSES. (5 cr; prereq 3102; 5651 or #) Kleinspehn
Analysis ofhand-specimen scale and microscopic fea
tures of carbonate and clastic sedimentary rocks and
associated chemical, biological, and physical pro
cesses. Topics include primary physical structures,
petrographic microscopy, diagenesis, and new analyti
cal techniques in sandstone petrology.

5653. STRATIGRAPHY AND BASIN ANALY·
SIS. (4 cr; prereq 5651 or #) Kleinspehn
Modern techniques and principles ofstratigraphic
analysis ofsedimentary basins in various tectonic set
tings. Topics include seismic stratigraphy, correlation
techniques, paleocurrent analysis, and geochronology
of sedimentary basins.

5654. MARINE SEDIMENTARY ENVIRON·
MENTS. (4 cr; prereq 5651 or #) Kleinspehn
Principles offacies analysis of modern and ancient
marine depositional systems.

5655. CONTINENTAL SEDIMENTARY ENVI
RONMENTS. (4 cr; prereq 5651 or #) Kleinspehn
Principles offacies analysis of modern and ancient
non-marine depositional systems.

5656. DEPOSITIONAL MECHANICS. (4 cr; pre
req 5651 or #) Paola
Elementary mechanics of sediment transport applied
to quantitative interpretation of sedimentary rocks.

5980. SEMINAR: CURRENT TOPICS IN GEOL
OGY AND GEOPHYSICS. 0-6 cr; prereq #)

5990. SENIOR THESIS. (2 cr per quarter [max 6 crJ;
prereq sr Geo or Geophys major and #)
Non-structured research course enabling senior-level
majors to engage in independent research with faculty
supervision. Selection ofsuitable problems according
to individual interests and by consultation with fac
uity committee. Thesis and oral defense.

For Graduate Students or for Seniors
with Special Permission
(For descriptions, see Graduate School Bulletin)
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General Geology

8098. SEMINAR: CURRENT TOPICS IN GEOL
OGY AND GEOPHYSICS

8099. RESEARCH IN GEOLOGY AND
GEOPHYSICS

8156. MICROPALEONTOLOGY

8201. GEOTECTONICS

8202. ADVANCED STRUCTURAL GEOLOGY

8262. QUATERNARY PALEOECOLOGY AND
CLIMATE

8315. STABLE ISOTOPE GEOCHEMISTRY

8351. ADVANCED MINERAL DEPOSITS I

8402. X-RAY MINERALOGY

8404. X-RAY CRYSTALLOGRAPHY

8453. PHASE EQUILIBRIA IN MINERAL SYS
TEMS

8454. IGNEOUS PETROLOGY

8455. METAMORPHIC PETROLOGY

8602. ADVANCED LIMNOLOGY

8603. METHODS FOR ANALYSIS OF NATU·
RALWATERS

8611. TRANSPORT PHENOMENA IN NATU
RAL POROUS MEDIA

8612. ANALYTICAL GEOHYDROLOGY

8621. TRACERS IN HYDROGEOLOGY

Geophysics

8521. LINEAR DATA PROCESSING WITH
GEOPHYSICAL APPLICATIONS

8531-8532. THEORY OF ELASTIC WAVE PROP
AGATION I, II

8542. PRINCIPLES OF ROCK MAGNETISM I

8543. PRINCIPLES OF ROCK MAGNETISM II

8551. EQUATION OF STATE AND CONSTITU
TION OF THE EARTH'S INTERIOR

8564. PROPERTIES OF THE EARTH'S
MANTLE: RELATIONSHIP TO CRUSTAL MO
TION

History of Science and
Technology (HSci)
Courses may be taken to support existing
majors as well as to broaden knowledge of
the nature and development ofscience
and technology. The introductory courses
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1711-2- 3, 3711-2-3,1811-2-3, and 3811-2
3 satisfy the Group C liberal education re
quirement, The Individual and Society
(perspectives of history).

1711,1712,1713. TECHNOLOGY AND WEST·
ERN CIVILIZATION. (4 cr perqtr, §3711, §3712,
§3713) Layton
History and sociocultural relations of Western tech·
nology. 1711: The relations of technology to culture
from the Bronze Age to the Middle Ages. 1712: Tech·
nology and science in the Renaissance; technology and
the scientific revolution; emergence of industrialism.
1713: Diffusion of the industrial revolution; techno·
logical development and its impact on industry, gov·
ernment, and society.

1811, 1812, 1813. INTRODUCTION TO HISTORY
OF SCIENCE. (4 cr per qtr, §3811, §3812, §3813)
Shapiro
1811: Babylonian and Egyptian science; Greek natu·
ral philosophy, mathematics, astronomy, and biology;
the Aristotelian world; decline and transmission of
Greek science. 1812: Medieval background; the "ex·
perimental philosophy": dissecting and describing na·
ture; anatomy, circulation, and respiration;
Copernican revolution; physical world of Kepler,
Galileo, Descartes, and Newton; science and the popu·
lar imagination. 1813: 19th and 20th centuries; New·
tonian triumph, romantic reaction, and modern
revolution; the aether, electrical and optical, to Ein·
stein; history of the earth; evolution before and after
Darwin; nuclear physics and nuclear weapons.

3201,3202,3203. HISTORY OF BIOLOGY. (4 cr
per qtr, §5201, §5202, §5203)
3201: Antiquity to 1700. Biology, medicine, and natu·
ral history in antiquity: Hippocrates, Aristotle, Galen.
Revival ofbiology in Renaissance and 17th century:
Vesalius and anatomy, Harvey and circulation. 3202:
Physiology and cell theory since 1700. Conceptual de·
velopment of the various branches ofmodern biology:
physiology, chemistry, and the experimental method;
embryology, descriptive and experimental; cytology
and microscopy. 3203: Evolution and genetics since
1700. Darwin and evolution; Mendel and genetics.

3711,3712,3713, TECHNOLOGY AND WEST·
ERN CIVILIZATION. (4 cr per qtr, §1711, §1712,
§1713)
For description, see 1711, 1712, 1713.

3811,3812,3813. INTRODUCTION TO HISTORY
OF SCIENCE. (4 crper qtr, §1811, §1812, §1813)
For description, see 1811, 1812, 1813.

3825. PHYSICS AND SOCIETY IN 20TH·CEN·
TURY AMERICA. (4 cr, §3835, §5825) Stuewer
Nineteenth·century heritage; 20th.century discover·
ies and physical theories; growth of physics in Amer·
ica after World War 1: the intellectual migration of the
1930s; nuclear physics, the Manhattan project, and
the atomic bomb; McCarthyism and Oppenheimer;
current and past contributions of Minnesota
physicists.

History of Science and Technology

3835. THE ATOMIC AGE. (4 cr, §3825, §5825)
Stuewer
Development of nuclear energy in the 20th century;
construction and use of the bomb; postwar military
and political impact.

5011. THEORIES OF COLOR: NEWTON TO
HELMHOLTZ. (4 cr) Shapiro
Physical and physiological investigations ofcolor from
the 17th to the mid·19th centuries, focusing on funda·
mental contributions of Newton, Young, Maxwell, and
Helmholtz.

5201,5202,5203. HISTORY OF BIOLOGY. (4 cr
per qtr, §3201, §3202, §3203)
For description, see 3201, 3202, 3203.

5242. EVOLUTION BEFORE AND AFTER DAR·
WIN. (4 cr; prereq Bioi 1011 or 1101 or #)
Philosophical conceptions of species; natural theology,
design, and providential creation ofspecies; Lamarck
and evolution before Darwin; catastrophist and uni·
formitarian geology; Darwin and the background of
the Origin; Darwin's early critics; evolutionary the
ory, 1882 to modern synthesis.

5311. TECHNOLOGY IN AMERICAN LIFE. (4 cr)
Layton
Technology in America with emphasis on its impact
on society and culture. Traces the growth of American
technology in its cultural and intellectual context
from colonial period to present.

5321. HISTORY OF COMPUTING. (4 cr) Norberg
History ofcomputing developments in the last century
with equal attention to factors affecting the evolution
ofhardware and software, the growth of the industry
and its relation to other business areas, and the
changing relationships resulting from new data gath·
ering and use techniques.

5812. SCIENCE POLICY IN THE UNITED
STATES SINCE WORLD WAR II. (4 cr) Norberg
History of science policy and its effects in post-war
United States, 1945·1980. Equal attention to institu·
tions, scientific groups, and technical processes and
their interconnections for promotion and control of sci·
ence and technology. Emphasis on federal govern·
ment; some consideration ofstate and local
government.

5825. PHYSICS AND SOCIETY IN 20TH·CEN·
TURY AMERICA. (4 cr, §3825, §3835) Stuewer
For description, see 3825.

5924. HISTORY OF 19TH·CENTURY PHYSICS.
(4 cr, §Phys 5924; prereq general physics or #)
Stuewer
Conceptual development in physics (Young, Fresnel,
Oersted, Ampere, Faraday, MacCullagh, Maxwell,
Hertz, Lorentz, Lavoisier, Rumford, Dalton, Mayer,
Joule, Helmholtz, Carnot, Clausius, Kelvin, Boltz·
mann, Mach, others). Relationships of these develop·
ments to social, philosophical, and theological
influences.
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5925. HISTORY OF 20TH-CENTURY PHYSICS.
(4 cr, §Phys 5925; prereq general physics or #)
Stuewer
Conceptual developments in relativity (Michelson,
Lorentz, Poincare, Einstein, others), quantum
mechanics <Planck, Einstein, Rutherford, Bohr, Som
merfeld, Ehrenfest, Pauli, Millikan, Compton,
Heisenberg, de Broglie, Schrodinger, Born, others),
and nuclear physics (Chadwick, Gamow, Fermi, oth
ers). Relationships ofthese developments to social,
philosophical, and theological influences.

5970. DIRECTED STUDIES. (1-15 cr per qtr; pre
req #)
Guided individual reading or study.

5990. DIRECTED RESEARCH. (1-15 cr per qtr;
prereq #)

Industrial Engineering/
Operations Research (lEOR)
5000. INTRODUCTION TO INDUSTRIAL ENGI
NEERING ANALYSIS. (4 cr; prereq IT student;
Math 1231...ME 3900 recommended; 3 lect and 1 rec
hrs perwk)
Scientific management, mathematical models,
methods engineering, work measurement, worker sat
isfaction and participation, wage payment plans,
break-even analysis, incremental costs, the time
value of money and the present value concept; cost
quality and inventory control; production scheduling,
plant locations, and layout; linear programming,
PERT, and the systems approach to management
problems.

5010. INTRODUCTION TO WORK ANALYSIS. (4
cr; prereq IT student or grad; 5000; 3 lect and 1 rec hrs
perwkJ
Fundamentals of methods engineering, work mea
surement, and plant layout; charting techniques, pro
cess charts, predetermined time systems, work
sampling, time study, master standard data, cross
charting, and line balancing.

5020. ENGINEERING COST ACCOUNTING,
ANALYSIS AND CONTROL. (4 cr; prereq IT stu
dent or grad...5000 and ME 3900 recommended; 3lect
and 1 rec hrs per wk)
Basic accounting concepts, financial statements, anal
ysis and control of current assets such as cash, receiv
ables, and inventory; income tax planning, cost
analysis, standard costs for product costing, time
value ofmoney, quantification of risk and uncer
tainty, utility theory, cost ofcapital and capital struc
ture, capital budgeting under capital rationing,
management decisions, and investment decisions.

5030. QUALITY CONTROL AND RELIABILITY.
(4 cr; prereq IT student or grad, Math 1231, ME
3900.. .IEOR 5000 recommended; 3lect and 1 rec hrs
perwk)
History ofquality control, quality policies and objec
ti ves, economics ofquality, design for system effec
tiveness, reliability and maintainability, statistical
aids to reliability, quality specifications, inspection,
acceptance sampling, vendor relations, process con
trol, motivation for quality, quality assurance, and
quality control engineering.
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5040. INTRODUCTION TO OPERATIONS RE
SEARCH. (4 cr; prereq IT student or grad, Math
1231...IEOR 5000 recommended; 3lect and 1 rec hrs
perwk)
Linear programming, algebra and geometry of linear
models, simplex method, sensitivity testing, and dual
ity; network models, network algorithms, and dy
namic models.

5050. ENGINEERING ECONOMIC ANALYSIS.
(4 cr; prereq IT student or grad, 5000 or #; 3lect and 1
rec hrs per wk)
Fundamental principles and techniques ofeconomic
analysis of engineering projects including economic
measures ofeffectiveness, time value of money, cost
estimation, depreciation, taxes, breakeven, replace
ment and investment analysis.

5070. INTRODUCTION TO HUMAN FACTORS
ENGINEERING. (4 cr; prereq IT student or grad, #;
31ect and 1 rec-Iab hrs per wk)
Analysis and design of operations, machines, equip
ment, work stations, and work environments relative
to the capabilities, limitations, and needs ofthe hu
man operator. Topics include human-machine sys
tems, displays, controls, human-machine interface
layout, work station design, anthropometry, work
physiology and biomechan ics, illumination, noise,
toxicology, and climate.

5071. HUMAN FACTORS IN SYSTEM DESIGN.
(4 cr; prereq 5070 and/or 5010; 1lect/rec and 3 hrs of
scheduled field work per wk)
Application of the theory and principles from IEOR
5070 and 5010 to the analysis and design of real in
dustrial work settings in local industry.

5180,5181. APPLIED INDUSTRIAL ENGI
NEERING. (3-5 cr [1-2 crterm paper option]; prereq
background in all basic industrial engineering areas
[5000,5010,5020,5030 and 5040])
Industrial engineering surveys and programs, case
problems, studies in local plants.

5221. INDUSTRIAL PLANTS. (3-5 cr; prereq IT
student or grad, 5010; 3 lect and 1 rec hrs per wk)
Layout of production and service facilities in manufac
turing operations, analysis ofmaterials flow, develop
ment of materials handling systems, and industrial
packaging techniques.

5254. DESIGN MORPHOLOGY WITH APPLI
CATIONS. (4 cr; prereq ME upper division, comple
tion ofsequences ME 3201-3203-3205 or ME 3303 or
ME 5342 or #)
Detailed study ofdesign problem formulation and
structure of the open-ended solution process based on
design morphology. Case studies and student projects
as instructional vehicles.

5311. MANAGEMENT FOR ENGINEERS. (3-5 cr
[1-2 cr term paper option]; prereq IT student or grad,
5000; 3 lect hrs per wk)
Historical development of management concepts; or
ganizational systems and authority relationships;
planning, communication, and management
responsibility.
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Industrial Engineering/Operations Research

•

5321. INDUSTRIAL SAFETY. (3-5 cr [1-2 cr term
paper option]; prereq IT student or grad, 5000; 31ect
hrs per wk)
Definition and philosophy of safety, safety training,
safety requirements for production processes, equip
ment and plants, industry standards, safety devices,
and product safety.

5351. ANALYSIS OF PRODUCTION PRO
CESSES. (3-5 cr [1-2 cr term paper option] ; prereq IT
student or grad, 5000; 5020 ... background in all basic
industrial engineering areas [5000, 5010, 5030 and
5040] recommended; 3 lect hrs per wk)
A case course of problems in production engineering
and production management. Analysis of production
problems from selected industries. Development of
ability to recognize and diagnose industrial problems.

5361. INVENTORY AND PRODUCTION CON
TROL. (4 cr; prereq IT student or grad, 5000, 5040,
ME 3900; 3 lect and 1 rec hrs per wk)
Forecasting techniques and analysis of inventory sys
tems, aggregate planning, capacity decision, sched
uling techniques, line balancing, use oflinear
programming models in the design, operation, and
control ofproduction and distribution systems.

5441. OPERATIONS RESEARCH II. (4 cr; prereq
IT student or grad, 5040; 3 lect and 1 rec hrs per wk)
Dynamic programming, integer programming, non
linear and probabilistic models.

5442. OPERATIONS RESEARCH III. (4 cr; prereq
IT student or grad, 5441; 31ect and 1 rec hrs per wk)
Optimization in probability models, Markov chains,
queuing theory, and simulation.

5445. TOPICS IN MANAGEMENT SCIENCE. (3
5 cr [1-2 cr term paper option]; background in all areas
of industrial engineering [5010, 5020, 5030 and 5040]
recommended; prereq IT student or grad; 3lect hrs per
wk)
Specialized topics in management science. Analytical
tools for decision making and management of the pro
duction function. Emphasis on topics appearing in the
current literature. Topics change from quarter to
quarter.

5480. MAN-MACHINE SYSTEM. (4 cr; prereq 5070
or #, IT student or grad; 3lect, 1 rect hrs per wkJ
Applications ofmathematical methods for develop
ment ofquantitative descriptions and models ofhu
man performance with relevance to engineering
design. Emphasis on information processing, control,
and decision making.

5531. INDUSTRIAL SAMPLING TECHNIQUES.
(4 cr; prereq IT student or grad, 5030, ME 3900; 31ect
and 1 rec hrs per wk)
Industrial sampling plans. Single, double. and multi
ple sampling plans; sequential, continuous, and vari
able sampling plans; life testing plans; administrative
and economic considerations.

5550. DESIGN AND ANALYSIS OF EXPERI
MENTS I. (4 cr; prereq IT student or grad, ME 3900
or Stat 3092 or Stat 5121 or Stat 5131 or equiv; 31ect
and 1 rec hrs per wk)
One-factor experiments, analysis of variance, estima
tion and comparison of effects, orthogonal contrasts,
fixed, random and mixed models, incomplete block
design.

5551. DESIGN AND ANALYSIS OF EXPERI
MENTS II. (4 cr; prereq IT student or grad, 5550, ME
3900; 3 lect and 1 rec hrs per wk)
Experiments of two or more factors. Designs involving
crossed, nested, and mixed classifications; orthogonal
polynomials; block confounding; fractional factorial
designs; and computer programs for analysis.

5701. TECHNOLOGY ASSESSMENT. (4 cr; prereq
upper division; 4lect hrs per wk)
Unintended consequences of specific technologies on
society. The history, institutional structures, and
methodology of technology assessment; specific tech
nology assessments. One or more class projects.

5703. ENGINEERING PROJECT MANAGE
MENT. (4 cr; prereq IT sr or grad student or equiv)
Broad practical understanding of project manage
ment, including planning, scheduling, budgeting,
staffing, and task and cost control; how to communi
cate with, motivate, and manage team members.

5710. TRANSPORT SYSTEMS ANALYSIS AND
DESIGN. (4 cr; prereq IT sr engineering status or
grad; 3 lect and 1 rec hrs per wk)
Introduction to transit systems: performance and en
ergy relationships; kinematical design of curved
guideways; lateral suspension dynamics; performance
and cost effectiveness of shuttle, loop, line haul, and
network systems operating in scheduled and demand
modes; patronage analysis.

5711. TRANSPORT SYSTEMS ANALYSIS AND
DESIGN. (4 cr; prereq IT sr engineering status or
grad, 5710, 3lect and 1 rec hrs per wkJ
Design of transit vehicles for safe operation; reliabil
ity allocation in transit systems for minimum life cy
cle cost; theory ofcontrol ofautomated guideway
transit systems; cost-effective design ofguideway
structures; synthesis and basic design requirements of
transit systems for maximum cost and energy
effectiveness.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8110-8111-8112. ADVANCED INDUSTRIAL EN
GINEERING

8310-8311-8312. PRODUCTION ENGINEERING
PROBLEMS

8410-8411-8412. INDUSTRIAL ENGINEERING
RESEARCH

8420. LINEAR PROGRAMMING

8430. NONLINEAR PROGRAMMING
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8440. DYNAMIC PROGRAMMING

8450. QUEUING THEORY

8460. STOCHASTIC PROGRAMMING

8470. ADVANCED INVENTORY AND PRODUC
TION CONTROL

8480. MAN·MACHINE SYSTEMS

8773-8774-8775. GRADUATE SEMINAR

Landscape Architecture (LA)

102lf. HISTORY OF ENVIRONMENTAL DE
VELOPMENT: ARCHITECTURE. (4 cr, §Arch
1021; 41ect hrs per wk)
See Arch 1021 for description.

1022w. HISTORY OF ENVIRONMENTAL DE.
VELOPMENT: LANDSCAPE ARCHITECTURE.
(4 cr, §Arch 1022; pre- req 1021; 41ect hrs per wk)
See Arch 1022 for description.

1023s. HISTORY OF ENVIRONMENTAL DE
VELOPMENT: PLANNING. (4 cr, §Arch 1023; pre
req 1022; 41ect hrs per wk)
See Arch 1023 for description.

1024. LANDSCAPE THEORY. (4 cr; 31ect and 3
lab hrs per wk)
Analysis of design elements and forms involving di
rection, shape, proportion, and color, with emphasis
on their function in design; perception and our rela
tionship to our environment; and the social effects and
psychological basis for design.

1025. BASIC VISUALIZATION I. (4 cr; 21ect and 4
lab hrs per wk; prereq LA major or #)
Perspective drawing, landscape sketching, visual
analysis oflandscape materials, presentation tech
niques for plans, sections, elevations, and diagrams.

1026. BASIC VISUALIZATION II. (4 cr; prereq
1025; 6 studio hrs per wk)
Students continue to refine their ability to execute ac
ceptable line drawings developed in 1025 and to de
velop their own techniques. Continued emphasis on
perspective sketching, color sense, psychology of
graphic interpretation, mixed media, and printing re
production processes.

1031. INTRODUCTION TO LANDSCAPE AR.
CHITECTURE. (4 cr; 41ect hrs per wk)
Design potential of materials of the landscape; exer
cises in assessment ofland developments and detail
landscapes; the role of the landscape architect in shap
ing the natural and cultural environment; brief his
torical review ofsite developments.

3OOlf. ENVIRONMENTAL DESIGN: PEOPLE
AND ENVIRONMENT. (4 cr, §Arch 3001)
See Arch 3001 for description.

3OO2w. ENVIRONMENTAL DESIGN: TOOLS
AND PROCESSES. (4 cr, §Arch 3002; prereq 3001)
See Arch 3002 for description.
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3OO3s. ENVIRONMENTAL DESIGN: IMPLE
MENTATION AND EVALUATION. (4 cr, §Arch
3003; prereq 3002)
See Arch 3003 for description.

3071. LANDSCAPE TECHNOLOGY: GROUND
FORM DESIGN. (4 cr; prereq 3083, CE 3100 or
AgEn 1400 or #; 21ect and 6 lab hrs per wk)
Lectures, exercises. and projects in ground form ma
nipulation, earthwork computation, horizontal con
trols, and surface drainage techniques.

3072. LANDSCAPE TECHNOLOGY: CIRCULA
TION AND UTILITIES DESIGN. (4 cr; prereq 3071
and 3091; 2lect and 6 lab hrs per wkJ
Lectures, exercises, and projects in layout of circula
tion, landscape drainage, and utilities systems.

3075. LANDSCAPE TECHNOLOGY: MATERI
ALS AND CONSTRUCTION DESIGN. (4 cr; pre
req 3072 and 3092; 2lect and 6 lab hrs per wk)
Lectures, exercises, and project in materials and con
struction techniques and working document
preparation.

3081-3082-3083. BASIC DESIGN. (6 cr per qtr; pre
req LA student; 11ect and 15 lab hrs per wk)
Lectures and projects to expand awareness of the de
sign potential of the environment, develop processes
and graphic techniques for problem solving, develop
methods ofpresenting ideas verbally and visually. De
sign ofsmall-scale site systems with simple variables.

3091·3092. INTERMEDIATE DESIGN. (6 cr per
qtr; prereq 3083; 2lect and 12lab hrs per wk)
Lectures and projects in the design potential of natu
ralland materials, landscape survey and analysis
techniques, elements of the environment as they con
dition design potential, methodologies for solving de
sign problems, methods ofexpressing landscape form
both geographically and through models; design of
site systems with simple variations.

3093. DETAIL SITE DESIGN. (6 cr; prereq 3092)
Design ofsmall-scale site systems with complex
variables.

3094. INDEPENDENT STUDY IN GRAPHICS.
(1-4 cr; prereq LA student, #)
Independent study of topics, ofstudent's choice, in
graphic communication. Proposal must be submitted
for approval by LA faculty member.

3095. INDEPENDENT STUDY IN PLANTING
DESIGN. (1-4 cr; prereq LA student, #)
Independent study of topics, of student's choice, re
lated to planting design. Proposal must be submitted
for approval by LA faculty member.

3096. INDEPENDENT STUDY IN HISTORY OR
THEORY. (1-4 cr; prereq LA student, #)
Independent study of topics, of student's choice, re
lated to history and/or theory oflandscape architec
ture. Proposal must be submitted for approval by LA
faculty member.
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3097. INDEPENDENT STUDY IN COMPUTER·
AIDED DESIGN. (1-4 cr; prereq LA student, #)
Independent study of topics. of student's choice, re
lated to use of computers to aid design and analysis.
Proposal must be submitted for approval by LA fac
uity member.

3098. INDEPENDENT STUDY IN DESIGN. (1-4
cr; prereq LA student, #)
Independent study of topics, of student's choice, re
lated to landscape architecture or pertinent design
theory or practice. Proposal must be submitted for ap
proval by LA faculty member.

3099. INDEPENDENT STUDY IN TECHNOL·
OGY. (1-4 cr; prereq LA student. #)
Independent study oftopics, of student's choice, re
lated to landscape architecture technology. Proposal
must be submitted for approval by LA faculty
member.

3101. COMMUNICATING LANDSCAPE QUAL·
ITY. (4 cr; prereq 1025 and 3082; 2lect and 6 lab hrs
perwkl
Lectures and exercises in drawing techniques focused
on developing graphic skills for designers working
predominantly with exterior environments.

3200. LANDSCAPE ARCHITECTURE
PRACTICUM. (1-6 cr; prereq LA student, 6)
Approved design. planning, engineering, contracting,
or travel experience in application or development of
landscape architecture theory. Proposal must be sub
mitted for approval by LA faculty; final written,
graphic, and/or oral presentation must be submitted.

5010. PRINCIPLES OF OUTDOOR RECRE·
ATION DESIGN AND PLANNING. (4 cr. §FR
5233; 4lect hrs per wk)
For advanced students interested in design, manage
ment. and planning of recreational facilities. Plan
ning and design principles related to recreational land
use and development; parks, campsites, water areas,
highways, summer and winter recreational facilities.

5073. LANDSCAPE TECHNOLOGY: LAND
ANALYSIS TECHNIQUES. (4 cr; prereq 3082 or #)
Lectures, exercises, and projects in land analysis tech
niques for use in assessment ofland development po
tential. Graduate students also do brief library
research paper.

5101. SITE PLANNING AND DESIGN. (6 cr; pre
req 3093; 2lect and 12lab hrs per wkl
Case study analysis and design of site organizational
systems.

5103. URBAN LANDSCAPE DESIGN. (6 cr; pre·
req 3093; 2lect and 12 lab hrs per wk)
Case study analysis and design of urban
environments.

5105. RECREATIONAL PLANNING AND DE·
SIGN. (6 cr; prereq LA 3093 or #; 2lect and 12 lab hrs
perwk)
Analysis development and presentation of landscape
design solutions for diverse recreational land use.

Landscape Architecture

5107. REGIONAL LANDSCAPE DESIGN. (6 cr;
prereq 3092; 3 lect and 12 lab hrs per wk)
Land analysis techniques applied to large-scale land
areas for resource analysis and policy design.

5109. SPECIAL PROBLEMS THESIS PRO·
POSAL. (2 cr; hrs arranged)

5110. ADVANCED LANDSCAPE PLANNING
AND DESIGN. (6 cr; prereq terminal qtr of study; 2
lect and 12 lab hrs per wkl
Advanced studies in area of student's option.

5117. PLANTING DESIGN: AESTHETIC AND
FUNCTIONAL CRITERIA. (4 cr; prereq Hort 1021
and LA 3083, or #)
Lectures, presentations, field trips. reading. and
projects exploring aesthetic and functional design
principles related to use of plant materials in the land
scape. Exploration of both historic and modem princi
ples through design projects of various scales.

5119. PLANTING DESIGN: ECOLOGICAL
PRINCIPLES/LAND USE CONCEPTS AND 1M·
PLEMENTATION. (4 cr; prereq 3092 or #)
Lectures, presentation, field trips, readings, and pro
ject related to principles and practices of using plant
materials in an ecologically sound and environmen
tally sensitive manner. Principles derived from
prairie, northwoods, riverine, and wetland environ
ments. Integration of naturalized materials in envi
ronments of various scales. Exploration of various
land use planting concepts from both historic and
modem perspectives. Investigation of planting imple
mentation skills.

5131. DIRECTED STUDIES IN LANDSCAPE
ARCHITECTURE HISTORY AND THEORY. (1-6
cr; prereq 3rd-yr LA student, 6)
Advanced independent studies. Student expected to
have successfully completed 3xxx-level independent
study courses in previous quarters.

5132. DIRECTED STUDIES IN LANDSCAPE
ARCHITECTURE DESIGN. (1-6 cr; prereq 3rd·yr
LA student, 6)
Advanced independent studies. Student expected to
have successfully completed 3xxx-level independent
study courses in previous quarters.

5133. DIRECTED STUDIES IN LANDSCAPE
ARCHITECTURE TECHNOLOGY. (1-6 cr; prereq
3rd-yr LA student, 6)
Advanced independent studies. Student expected to
have successfully completed 3xxx·level independent
study COUrses in previous quarters.

5134. DIRECTED STUDIES IN EMERGING AR
EAS FOR LANDSCAPE ARCHITECTURE. (1-6
cr; prereq 3rd-yr LA student, 6)
Advanced independent studies in areas of student's
choice that relate to new or renewed direction in land
scape architecture. Student expected to have success
fully completed 3xxx-level independent study courses
in previous quarters.
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5136. GOVERNMENT RECREATION FACILI
TIES PLANNING. (4 cr; prereq 3rd year LA student
or#)
Exploration ofdesign policies in regard to develop
ment ofspecific recreational facilities at federal water
resource projects. Lectures, discussions, and field trips
in analyuzing criteria for organization offederal
recreational environements.

5224. CONTEMPORARY ISSUES IN LAND
SCAPE ARCHITECTURE. (4 cr; prereq terminal yr
ofstudy; 4 discussion hrs per wk)
Analysis ofdesign principles and design goals in mod
ern society. Review ofcurrent site development
projects. Investigation in depth into specific areas of
land development.

5225. LANDSCAPE TECHNOLOGY: WORKING
DRAWINGS AND SPECIFICATIONS. (4 cr; pre
req 3072; 31ect and 3 lab hrs per wk)
Lectures, exercises, and projects in working drawing
and specification preparation.

5226. PROFESSIONAL PRACTICE. (4 cr; prereq
terminal yr ofstudy)
Professional ethics, responsibility, and relations in
business. Office management, preparation ofprofes
sional communications, estimates, specifications, and
contracts. Lectures, written exercises, and office
visits.

5227. IMPACT ASSESSMENT AND ENVIRON
MENTAL MEDIATION. (5 cr; prereq sr, grad or #)
Lectures on history, laws, and analysis of impact as
sessment and environmental mediation. Integrated
with interdisciplinary emphasis on fieldwork related
to a selected issue, actual document preparation, pre
sentation, and individual responsibility.

5228. SEMINAR: TOPICS IN CAMPUS PLAN
NING. (4 cr; prereq 3093 or #)
Lectures, discussion, presentations, field trips, read
ings, and paper on various aspects of contemporary
and historic issues in campus planning, use ofenergy
efficient buildings, and efficient land use and site
planning.

5261. HISTORY OF LANDSCAPE ARCHITEC
TUREiTHE EUROPEAN. ORIENTAL. AND
AMERICAN TRADITION. (4 cr; prereq 1st-yr LA
student)
Influences and forms that established basis for land
scape architecture tradition in Europe, the Orient
(Part n, and the United States (part ID. Principles
and techniques, and continuity ofdesign imagination,
inherent in specific examples of altered environment.
Public and private spaces, gardens, estates, streets,
parks, housing sites, and new town plans. Historical
manner in which determinants--cultural, ecological,
legal, strategic, economic-sug gest themselves in de
sign solutions.

5265. HISTORY OF LANDSCAPE ARCHITEC
TURE/INDIVIDUAL INFLUENCES. (4 cr; prereq
3rd-yr LA student)
How personal influences on noteworthy designers
(current and historic) precipitated design structures
within affective domain ofexpression. Structural de
sign ideas first espoused by these designers that are
basic to vocabulary of contemporary design.

98

Materials Science and
Engineering (MatS)
Note: Course numbers and descriptions subject to
change. Check with department in 151 Amundson.

3090.3091,3092. INDUSTRIAL EMPLOYMENT.
0-2 cr per qtr [depending upon duration of employ
ment])
Employment with industrial firms that perform
metallurgical or materials engineering activities. Re
port covering work required.

3400. INTRODUCTION TO MECHANICAL
PROPERTIES. (4 cr; prereq 2nd-yr IT student; 3lect
and 1 rec or 2lab hrs per wk)
Introduction to the structure-property relationships of
metals, alloys, and polymers. Crystal structure, diffu
sion, and the theoretical basis of elasticity and plastic
ity will be related to practical topics. Includes
materials processing laboratory/recitation with em
phasis on engineering alloys and heat treatment.

5011. INTRODUCTION TO THE SCIENCE OF
MATERIALS. (4 cr; prereq upper division ChEn or
MatS major lect and rec hrs per wk)
General introduction to materials. Metals, polymers,
ceramics, glasses, composites, electrical and magnetic
materials.

5012. INTRODUCTION TO DISLOCATIONS
AND PHYSICAL METALLURGY. (4 cr; prereq
5011 or # and upper division IT; 3lect and 2 rec hrs
perwk)
Basis ofwork hardening, solid solution strengthening,
precipitation hardening, and heat treatment ofalloys.

5013. INTRODUCTION TO ELECTRICAL AND
MAGNETIC PROPERTIES OF MATERIALS. (4
cr; prereq 5011 or # and upper division IT; 3lect and 2
rec hrs per wk)
Introduction to quantum mechanics and semi-quanti
tative theories on electrical and magnetic properties
ofsolids.

5101. THERMODYNAMICS OF SOLIDS. (4 cr;
prereq Chern 5534 or #; 31ect and 1 rec hrs per wk)
Fundamental concepts, 1st and 2nd laws, free energy,
equilibrium constant, fugacity and activity relation
ships, solution models, order-disorder.

5102. DIFFUSION AND SOLID STATE KINET
ICS. (4 cr; prereq 5101 or #; 31ect and 1 rec hrs per
wk)
Kinetics: quantitative relationship between rate ofre
action and reactant concentration. Diffusion: intersti
tial and substitutional diffusion, steady-state and
transient systems.

5112. CERAMICS. (4 cr; prereq 5102 or #; 31ect and
1 rec hrs per wk)
General introduction to ceramics, including glasses.
Crystalline and non-crystalline structures, phase re
lations, ternary phase diagrams; mechanical, ther
mal, electrical, magnetic, and optical properties of
ceramics.
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5200. OPTICAL AND ELECTRON MI·
CROSCOPY OF SOLIDS. (4 cr; prereq upper divi
sion IT; 2 lect, and 3 lab hrs per wk)
Practical experience in materials and techniques of
evaluation. Investigation ofmicrostructure using op
tical metallography. Use of transmission electron mi
croscopy, scanning electron microscopy, and
elemental microanalysis for metallurgical material
systems.

5202. X-RAY STRUCTURAL ANALYSIS. (4 cr;
prereq upper division IT standing; 11ect and 5 lab hrs
per week)
Geometry of crystals; properties and diffraction of x
rays; single crystal Laue methods and powder tech
niques; crystal structure determination; structure of
polycrystals; single crystal orientation; crystal tex
ture; precision lattice parameter measurements,
chemical analysis; stress measurements, radiography.

Materials Science and Engineering

5610. POLYMER CHEMISTRY. (4 cr; prereq phys
ical chemistry or 5011 or #; 3 lect and 3 lab hrs per
wk)
Polymer synthesis and physical chemistry: polymer
ization kinetics and reactors, molecular weight distri
bution, network formation, macromolecules in
solution and their characterization, the glassy and
crystalline state, rubber elasticity, flow and viscoelas
ticity, environmental degradation.

5620. POLYMER PROCESSING. (4 cr; prereq en
gineering transport phenomena or #; 3 lect and 1open
lab-rec hrs per wk)
Polymer processing principles and applications; rheol
ogy oflong chain molecules, flow in simple ge
ometries, die design, mixing, thermal properties, heat
transfer and phase change; thermoplastic operations:
extrusion, calendaring, forming and molding; ther
moset operations.

5304. FAILURE ANALYSIS. (4 cr; prereq 5013,
3400,5411 or #; 21ect and 4 lab hrs per wk)
Selected materials science and engineering topics

~ such as embrittlement, wear, corrosion, integrated
circuit breakdown, vibration, and fatigue. Analysis of
failure using metallographic, electron microscopy,
and microanalytical techniques.

5411. MATERIALS DESIGN. (4 cr; prereq sr MatS
major; 3 lect and 1 rec hrs per wk)
Mechanical and thermal processing with applications
to forging. extrusion, rolling; advanced topics on heat
treatment of steel, titanium, and aluminum alloys,
and materials for micro-electronic applications. Mate
rials selection bases on cost and design function.

• 5450. CORROSION AND ELECTROCHEM
ISTRY OF CORROSION. (4 cr; 31ect and 1 rec hrs
perwk)
Electrochemical thermodynamics, Butler-Volmer
equation, electochemical kinetics, theory ofcorrosion,
passiva tion, inhibition, forms of corrosion, environ
mental degradation ofmechanical properties, cathodic

) and anodic protection.

.,. 5460. OXIDATION OF METALS. (4 cr; prereq 5102
and upper division IT; 3 lect and 1 rec hrs per wk)
Theory ofhigh temperature oxidation of metals and
alloys; oxidation in complex environments; practical
applications and design criteria.

5481,5482,5483. SPECIAL PROBLEMS IN
PHYSICAL METALLURGY AND MATERIALS
SCIENCE. (Cr and hrs ar; prereq sr standing)
Library or laboratory studies of scientific or engineer
ing problems in physical metallurgy and materials
science.

5500. SENIOR DESIGN PROJECT. (4 cr [2 cr in
each of two qtrs); individual or team project, meetings
with assigned adviser)
Allows students to integrate their total course work
and laboratory experience through independent

>00 study. Subject area contracted with faculty adviser of
student's choice. Term paper and oral presentation
required.

5630. POLYMER PHYSICAL PROPERTIES. (4
cr; prereq 5011 or 3400 and 5610 or Chern 5610 or #; 3
lect and 1 open lab-rec hrs per wkJ
Polymer structure-property relations: structure and
morphology of the crystalline and amorphous state.
Crystallization kinetics, vitrification and the glass
transition, mechanical properties, failure, permeabil
ity, optical and electrical properties, polymer com
posites, effect of processing on properties.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8110. THERMODYNAMIC PROPERTIES OF
SOLIDS: CLASSICAL AND STATISTICAL
MECHANICS APPLIED TO STUDY OF THE
PROPERTIES OF SOLIDS

8111. TRANSPORT PROCESSES IN SOLIDS

8112. SOLID-STATE REACTIONS

8210. CRYSTALLINE PROPERTIES OF
METALS

8211. MODERN THEORY OF METALS AND AL
LOYS

8212. IMPERFECTIONS IN METALS

8213,8214. STRUCTURE AND COHESION OF
METALS AND SEMICONDUCTORS

8220. TOPICS IN LOW-TEMPERATURE
METAL PHYSICS

8301. ELECTRON INTERACTION WITH
SOLIDS

8310·8311. THEORIES OF MECHANICAL BE
HAVIOR OF SOLIDS

8320. HIGH-TEMPERATURE PROPERTIES OF
MATERIALS

8401,8402. TRANSFORMATIONS IN ALLOYS
AND ORIGINS OF MICROSTRUCTURE
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Course Descriptions

8470,8471,8472. SEMINAR: MATERIALS SCI
ENCE AND ENGINEERING

8480,8481,8482. SELECTED TOPICS IN MATE
RIALS SCIENCE AND ENGINEERING

8520. ELECTRON DIFFRACTION AND ELEC·
TRON MICROSCOPY

8521. TOPICS IN ELECTRON MICROSCOPY

8522. ADVANCED X·RAY DIFFRACTION OF
METALS

Mathematics (Math)
0006. ELEMENTARY ALGEBRA. (See Extension
Classes Bulletin)

0007. PLANE GEOMETRY. (See Extension Classes
Bulletin)

0008. SOLID GEOMETRY. (See Extension Classes
Bulletin)

0009. INTERMEDIATE ALGEBRA. (See College
ofLiberal Arts Bulletin)

1005-1006. INTRODUCTION TO ELEMENTARY
MATHEMATICS. (See College ofLiberal Arts
Bulletin)

1008. TRIGONOMETRY. (See College ofLiberal
Arts Bulletin)

1111. COLLEGE ALGEBRA AND ANALYTIC
GEOMETRY. (See College ofLiberal Arts Bulletin)

1131. FINITE MATHEMATICS. (See College of
Liberal Arts Bulletin)

1142. SHORT CALCULUS. (See College ofLiberal
Arts Bulletin)

1201. PRE-CALCULUS. (5 cr, §1111; for students
who need to review high school higher algebra and
trigonometry before taking a calculus sequence; pre
req 4 yrs high school math including trigonometry)
Inequalities. analytical geometry; complex numbers,
binomial theorem; mathematical induction; functions
and graphs; trigonometric, exponential, and logarith
mic functions.

1211-1221·1231. CALCULUS I·I1-III. (5 cr per qtr;
prereq 4 yrs high school math including trigonome
try...or grade ofC or better in 1201...or grade ofC or
better in 1008 and 1111...or equiv...grade ofC or bet
ter required to continue in sequence)
Analytical geometry and calculus of functions ofone
variable, applications. Infinite series and sequences.

1211-1321·1331. COMPUTER CALCULUS I-II
Ill. (5 cr per qtr; prereq 4 yrs high school math includ
ing trigonometry...or grade ofC or better in 1201...or
grade ofC or better in 1008 and 1111...or equiv...grade
ofC or better required to continue in sequence)
Essentially the same as 1211-1221-1231 but topics
presented from a computer viewpoint and in a differ
ent order.
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1511H-1521H-I531H HONORS CALCULUS I-II
III. (5 cr per qtr; prereq 6)
Honors sequence for high ability students. Covers con
tent of 1211-1221-1231 with emphasis on theory but
computational aspects are not neglected.

1611-1621. ACCELERATED CALCULUS I-II. (5
cr per qtr; prereq 6)
Accelerated sequence for high-ability students. Cov
ers content of 1211-1221-1231 with emphasis on com
putational aspects.

3001. MATHEMATICS AS A HUMAN EN-
DEAVOR. (l cr; prereq 1221 or equiv or #)
Mathematics as a career. Applications to science, en
gineering, and business. Views of mathematics as a
science, a liberal art, and a human activity. Lectures
by academic and industrial mathematicians and prac
titioners in related areas.

3057. ACTUARIAL SCIENCE PRINCIPLES
LIFE CONTINGENCIES I. (4 cr, §Ins 3230; prereq
1231 or 1131, 1221)
Calculation ofnet premiums, gross premiums, re
serves, and nonforfeiture values for major life in
surance contracts. Impact of assumed mortality,
interest, and expense assumptions on these items.

3066. ELEMENTARY DIFFERENTIAL EQUA
TIONS. (4 cr, §3213, §3221, §3521; prereq 2 qtrs
calculus)
Elementary techniques ofproblem solving. First- and
second-order equations, linear equations ofhigher
order.

3142. INTRODUCTION TO LINEAR ALGEBRA.
(4 cr, §3221, §3511; prereq grade ofC or better in 1231
orequiv)
Vectors, systems oflinear equations, matrices, deter
minants, eigenvalues, applications. Techniques and
some proofs of theorems.

3161. GEOMETRIC STRUCTURES AND
TRANSFORMATIONS. (4 cr; prereq 1211 and 3142
or 3511 or 3221 or equiv)
Metric and analytic geometry in two or more dimen
sions; transformations. Topics include theorem ofPap
pus, Euler's formula for polyhedra, rigid motion
transformations, similarity transformations, geome
try and trigonometry on the sphere, and convexity.

3211. MULTIVARIABLE CALCULUS. (5 cr; pre
req grade ofC or better in 1231 or equiv)
Partial differentiation, chain rule, implicit functions,
applications. Multiple integrals in two and three
dimensions.

3212. VECTOR ANALYSIS AND LINEAR
ANALYSIS I. (5 cr, §3231; prereq grade ofC or better
in 3211 or equiv)
Scalar and vector products, derivatives, space curves,
del operator, line and surface integrals, divergence,
Green's and Stokes' theorems, first order ordinary dif
ferential equations, matrices, determinants, dimen
sion, applications.
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3213. VECTOR AND LINEAR ANALYSIS II. (4
cr; §3066, §3142, §3221, §3511; prereq grade ofC or
better in 3212 or equiv)
Linear spaces, linear transformations, diagonaliza·
tion, second order linear ordinary differential equa
tions, variation of parameters, linear systems,
applications.

3221. INTRODUCTION TO LINEAR ALGEBRA
AND LINEAR DIFFERENTIAL EQUATIONS. (5
cr, §3066, §3142, §3212, §3213, §3511; prereq grade of
C or better in 1231 or equiv)
Vectors, systems of linear equations, matrices, deter
minants, bases, eigenvalues. Linear differential equa
tions and systems with constant coefficients, initial
value problem and general solution, variation of
parameters for inhomogeneous equations.

3231. VECTOR ANALYSIS. (4 cr, §3212, §3531;
prereq grade ofC or better in 3211 or equiv)
Scalar and vector products, derivatives, geometry of
space curves, del operator, line and surface integrals,
divergence and Stokes theorem, transformation ofco
ordinates, dyadics, applications.

3511-3521-3531. LINEAR ANALYSIS I-II·III. (5 cr
per qtr, §3142, §3213, §3221 for 3511; primarily for
high-ability math majors, engineers, scientists; prereq
grade ofB or better in 1231 or equiv...grade ofC or
better required to continue in sequence)
3511: Ideas and computations of linear algebra includ
ing linear independence, linear transformations, ma
trices, and determinants.
3521-3531: Calculus ofseveral variables relying heav
ily on linear algebra including differentiation and in·
tegration offunctions of several variables, coordinate
systems, Jacobian ofa map, application ofconcepts
and computations to vector analysis, basics of linear
differential equations. Applications. The order of top
ics may vary from year to year.

3675. INTRODUCTORY MATHEMATICS. (4 cr;
prereq 1231 or equiv)
Designed to prepare sophomore mathematics majors
for the theoretical courses they will encounter during
the junior and senior years.

5056. THEORY OF INTEREST. (4 cr; prereq 1231
or equiv)
Application of compound interest formulas to deter·
mine present value, payment schedules, and effective
interest and discount rates for installment loans, an
nuities, sinking funds, bonds, and other securities, in
cluding differing payment periods and interest
conversion periods.

5057. ACTUARIAL SCIENCE PRINCIPLES
LIFE CONTINGENCIES I. (4 cr; prereq 1231, 5056
or 1131, 1221, 5056)
Single life functions: measurement of mortality, life
annuity premiums, life insurance premiums, policy
reserves, expense margins, and special topics.

Mathematics

5058. ACTUARIAL SCIENCE PRINCIPLES
LIFE CONTINGENCIES II. (4 cr; prereq 5057)
Continuation of 5057. Multiple life functions: multi
ple-decrement function (tables) and tables with sec
ondary decrements. Generalized models.
Relationships involving compound contingent func
tions defined and used with forces of interest.

5070. TOPICS IN THE HISTORY OF MODERN
MATHEMATICS. (4 cr [may be repeated for crwith
L':>l; prereq one 5xxx mathematics sequence or equiv)
Mathematical developments within the last 200
years.

5081. FUNDAMENTAL TOPICS IN ANALYSIS.
(4 cr; prereq 3531 or 3211; no 5xxx-level cr for math
majors)
Limits; uses ofdeep property of real numbers; correct
uses of term "infinity"; possibly other topics. Proofs by
mathematical induction and by contradiction.

5082. FUNDAMENTALS OF ALGEBRA. (4 cr;
prereq 3511 or 3142 or 3221 or equiv; no 5xxx-level cr
for math majors)
Number theory including fundamental theorem of
arithmetic and congruences; at least one general alge
braic structure (group ring or field); equivalence rela
tions; possibly other topics. Proofs by mathematical
induction and by contradiction.

5083. FUNDAMENTALS OF GEOMETRY. (4 cr;
prereq 3511 or 3211 and 3221 or 3142 or equiv; no
5xxx-level cr for math majors)
Non-Euclidean geometry including attention to ax
iomatic approach; some topic involving three or more
dimensions; some use of transformations; possibly
other topics. Proofs by mathematical induction and by
contradiction.

5151. ELEMENTARY SET THEORY. (4 cr; prereq
3211 or equiv or #)
Basic properties ofoperations on sets, cardinal num
bers, simply ordered sets, well ordered sets, ordinal
numbers, axiom of choice, axiomatics.

5152. ELEMENTARY MATHEMATICAL
LOGIC. (4 cr, §5162; prereq 3211 or equiv or #)
Sets and relations; statement calculus; Boolean alge
bra; predicate calculus, models, validity and truth;
first-order theories as illustrations of the axiomatic
method; the completeness theorem, the incomplete
ness theorem, and metamathematics.

5162-5163-5164. MATHEMATICAL LOGIC. (4 cr
per qtr; prereq 3211, 3142...or 3211, 3221...or
equiv...or Phil 5202 or #)
Propositional and predicate calculi, models for sys
tems oflogic, recursive functions, decision and com
pleteness problems.

5209. THEORY OF NUMBERS. (4 cr; prereq 3211
or equiv or #)

A rigorous introduction to the elementary theory of
numbers up to the classical results concerning congru
ences to a prime modulus (e.g., Fermat's theorem).
Usually covers one more advanced topic such as con
tinued fractions, Gaussian integers, or quadratic
reciprocity.
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5232-5233. COMPUTER-ORIENTED LINEAR
ALGEBRA. (4 cr per qtr, §5242-5243, §5262 or §5282
if content was linear algebra, §5264, §5284; prereq
3142 or 3221 or equiv or #)
Linear transformations on finite dimensional vector
spaces. Linear dependence, matrix algebra, inner
products, orthogonality, and matrix inversion pre
sented from algorithmic viewpoint, with students
constructing and running illustrative computer pro
grams. Eigenvalues and eigenvectors, Jordan canoni
cal form, polar representation oflinear
transformations, determinants.

5242-5243. LINEAR ALGEBRA WITH APPLICA·
TIONS. (4 cr per qtr, §5232-5233, §5262 or §5282 if
content was linear algebra, §5264, §5284; prereq 3142
or 3221 or equiv or #J
Systems oflinear equations, finite dimensional linear
spaces, bases, linear transformations, matrices, deter
minants, eigenvalues, reduction to canonical forms,
quadratic and bilinear forms, applications.

5244. GROUP THEORY. (4 cr, §5262, §5282; prereq
3142 or 3221 or equiv or #)

Permutation groups; groups related to geometrical
configuration; invariant subgroups, Jordan·Holder
composition theorem, Sylow groups, Abelian groups,
elementary divisors, applications.

5262-5263-5264. MODERN APPLIED ALGEBRA.
(4 cr; prereq 3221 or 3142 or equiv)
Modern algebra developed in an application-oriented
way. Sets, functions, binary relations graphs, and par
tially ordered sets with applications to finite state ma
chines, matrix models, and trees. Groups, modular
arithmetic, polynomial rings, finite fields, and hnear
algebra with applications to switching functions,
cyclic codes, shift registers, fast adders, and
enumeration.

5282-5283-5284. FUNDAMENTAL STRUC
TURES OF ALGEBRA. (4 cr per qtr; prereq one
soph sequence or # ...some previous abstract mathe
matics recommended)
Theory course, principally for students planning
mathematics graduate work. Group theory: normal
subgroups, homomorphism, automorphism, the theo
rems of Lagrange, Cayley, and Sylow. Ring theory:
rings, ideals, integral domains, Euclidean rings, poly
nomial rings, fields. Linear algebra: abstract ap
proach to vector spaces, linear transformations; the
theory of canonical forms, including the Jordan and
rational.

5291. PROBLEM SOLVING COURSE-ALGE
BRA. (1-4 cr; prereq 5282-3-4 or equiv or #)
Development of advanced problem solving skills in.
various topics of algebra covered m 5282-3·4 or eqUIV
alent courses.

5341-5342. INTRODUCTION TO TOPOLOGY. (4
cr per qtr; prereq one soph sequence or # ...some previ
ous abstract mathematics recommended)
Set theory; axiom of choice, Zorn's lemma. Metric
spaces: completeness, compactness, continuity. Basic
point set topology: countability and separation ax
ioms, Urysohn's lemma, compactness, connectedness,
product spaces.
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5343. INTRODUCTION TO ALGEBRAIC TO.
POLOGY. (4 cr; prereq 5342)
Classification of two-manifolds, fundamental group,
homology theory.

5375. DIFFERENTIAL GEOMETRY. (4 cr; prereq
3211 or equiv or #)
Plane and space curves. Frenet formulas, elementary
theory ofsurfaces.

5376-5377. DIFFERENTIAL GEOMETRY. (4 cr
per qtr; prereq 5375 and 1 qtr linear algebra) .
Differential forms. Advanced theory ofsurfaces, mte
gral geometry, Riemannian geometry.

5391. PROBLEM SOLVING COURSE-TOPOL·
OGY. (1-4 cr; prereq 5341-2 or equiv or #)
Development of advanced problem solving skills in
various topics of topology covered in 5341-2 or equiva
lent courses.

5404. VARIATIONAL PROBLEMS. (4 cr; prereq
3211, 3066...or 3211, 3221...or equiv or #)
Introduction to the calculus ofvariations and its appli
cations. Topics may include fundamental theory, Eu
ler- Lagrange equations, necessary and sufficient
conditions, stability, isoperimetric problems, rudi
ments ofthe Mayer-Lagrange-Bolza problems, multi
plier rule, direct methods, Rayleigh-Ritz method,
eigenvalue problems, multiple integrals.

5427. APPLIED MATHEMATICS FOR THE
LIFE SCIENCES. (4 cr; prereq 3066, 3142...or3211,
3221...or equiv)
Mathematical tools useful in deterministic models
arising in life sciences. Linear systems of difference
and differential equations. Stability ofnonlinear sys
tems, including linearization techniques and Lia
punov theory. Examples from demography,
population ecology, and population genetics.

5428. MATHEMATICAL MODELS IN ECONOM
ICS AND THE SOCIAL, ACTUARIAL, AND
MANAGEMENT SCIENCES. (4 cr; prereq 3211
with 3066, 3142...or 3211, 3221...or equiv or #)
Mathematical models and associated mathematical
techniques for describing the behavior of and for opti
mizing various systems. How to find a model for a
given situation.

5441. MATHEMATICAL THEORY OF FLUID
FLOW. (4 cr; prereq 5568 or 5572 or equiv or #)
General equations offluid mechanics; therm?dynam
ics. Classical constitutive equations. SpeclahzatlOn for
various subfields offluid mechanics, hydrostatics,
barotropic perfect fluids, gas dynamics, and viscous
flow theory. Examples ofexact solutions.



5447-5448-5449. MATHEMATICAL THERMO
DYNAMICS. (4 cr per qtr; primarily for mathematics
majors interested in applications, and for engineers,
scientists; prereq 3066. 3211 or 3221, 5601. ..or
5613...or 5567, 5568...or #)
5447-5448: Careful introduction to mathematical
structures underlying classical thermodynamics. Con
cepts of heat, hotness, and material systems; rigorous
formulation oflaws of thermodynamics; general accu
mulation theorem; absolute temperature; Carnot cy
cles (and efficiency of heat engines). Applications to
reversible and distributed systems, and concept of
entropy.
5449: Equilibrium of thermal systems. Gibbsian equi
librium theory and phrase rule; applications to mix
tures and phase transitions. Mechanical theory of
equilibrium. Thermodynam ics of irreversible pro
cesses; theory ofquasi-ideal systems and continuous
systems. Clausius-Duhem inequality.

5457-5458-5459. METHODS OF APPLIED
MATHEMATICS. (4 crper qtr; prereq 3211,
3066...or 3211, 3221...or equiv or #)
Analytic tools used in applications of mathematics;
emphasis on technique. Real and complex variables,
matrices, ordinary and partial differential equations,
calculus ofvariations, asymptotic expansions.

5473-5474-5475, ANALYSIS OF NUMERICAL
METHODS. (4 crper qtr; 5473-5474: prereq 3211 and
3142 or equiv; 5475: prereq 3211, 3221, or 3211, 3142,
3066 or equivl
Interpolation and approximation by polynomials. So
lution oflinear and nonlinear systems of equations.
Methods of eigenvalue problems. Numerical integra
tion. Numerical solution ofordinary differential equa
tions. Selected topics if time permits.

5476. THEORY OF APPROXIMATION IN NU
MERICAL ANALYSIS. (4 cr; prereq 5473,5568 or
5573)
Orthogonal functions, Chebyshev approximations,
trigonometric approximations, saturation classes, ra
tional approximations, approximations in several
variables, spline interpolation and approximations,
use ofapproxima tion in computing.

5477·5478-5479. APPLIED NUMERICAL ANAL
YSIS OF PARTIAL DIFFERENTIAL EQUA
TIONS. (4 cr)
Numerical methods for partial differential equations
oflinear and nonlinear elasticity, compressible and
incompressible fluid flow, multiphase flow, heat
transfer, and other selected systems.

5512. DIFFERENTIAL EQUATIONS WITH AP
PLICATIONS I. (4 cr; prereq 3211, 3066...or 3211,
3221...orequiv or #)
Applications, review of special techniques, and nu
merical approximation for first-order equations. Euler
and Runge-Kutta methods with error analysis. Appli
cations and power series solutions for second-order
equations.

Mathematics

5513. DIFFERENTIAL EQUATIONS WITH AP
PLICATIONS II. (4 cr; prereq 5512)
Applications and Laplace transforms for second-order
linear equations. First-order linear systems with ele
mentary linear algebra. Phase plane analysis with ap
plications. Boundary value problems and an
introduction to partial differential equations.

5514. INTEGRAL EQUATIONS. (4 cr; prereq
5512...or 3221, 5601..or 3066, 5601...or equiv or #)
Introduction to integral equations; Fredholm formula,
Neumann series, Laplace transforms, successive ap
proxi mations and numerical methods. Relation of in
tegral equations to systems of linear algebraic
equations and to differential equations.

5521-5522-5523. INTRODUCTION TO ORDI
NARY DIFFERENTIAL EQUATIONS. (4 cr per
qtr; prereq one soph sequence or #)
5521: Existence and uniqueness theorems; successive
approximations; differential inequalities; linear sys
tems; fundamental matrix solutions; linear systems
with constant coefficients; variation of parameters.
5522: Phase plane analysis; Poincare-Bendixson the
ory; linear and nonlinear oscillations; stability theory;
asymptotic behavior of solutions; control theory.
5523: Power series solutions majorant method; regu
lar and irregular singular points; error estimates per
turbation methods.

5567. FOURIER SERIES AND BOUNDARY
VALUE PROBLEMS. (4 cr, §5571; prereq 3211,
3066...or 3211, 3221...or equiv or #)
Partial differential equations of theoretical physics.
Fourier series, proof of convergence, orthogonal sys
tems. Sturm-Liouville systems, solution of boundary
value problems by separation of variables,
applications.

5568. ELEMENTARY THEORY OF COMPLEX
VARIABLES. (4 cr, §5572; prereq 3231 or 5602 or
equiv course in vector analysis)
Derivative and integral ofa function of a complex
variable. Cauchy integral theorem and formula,
residues. Application to evaluation of integrals, con
formal mapping.

5569. OPERATIONAL MATHEMATICS. (4 cr,
§5573; prereq 5568)
Laplace transforms, Fourier transforms, inversion
theorems; applications to differential equations.

5571-5572-5573. ELEMENTARY PARTIAL DIF
FERENTIAL EQUATIONS. (4 cr per qtr; prereq
5603 or 5613)
Partial differential equations of theoretical physics,
one-dimensional wave equations, characteristics, clas
sifica tion ofsecond-order equations, heat and Laplace
equations, uniqueness, maximum principle, orthogo
nal systems, Fourier series, separation of variables.
Complex numbers, derivatives and integrals of ana
lytic functions, elementary functions and their geome
try. Cauchy integral theorem and formula, Laurent
expansions, evaluation ofcontour integrals by
residues. Fourier and Laplace transforms and their in
version, method of residues, applications to ordinary
and partial differential equations, applications of
heat, wave, and Laplace equations.
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5578-5579. COMPLEX ANALYSIS AND ITS AP
PLICATIONS. (4 cr perqtr, §5572; prereq 3231, or
5602, or 3531, or equiv course on vector analysis)
Expanded version of5568, with more material on both
analytic function theory and applications to physics,
engineering, and other areas of mathematics. Confor
mal mappings, Reimann theta function, and fluid
flows.

5601·5602·5603. ADVANCED CALCULUS. (4 cr
per qtr; prereq 3211 or equiv or # J
5601: Differentiation offunctions of several variables;
vector algebra; curves in three dimensions; directional
derivative and gradient, inverse transformation and
implicit function theorems; change ofvariables in
multiple integrals.
5602: Line and surface integrals; Stokes theorem; con
vergence of infinite series; orthogonal functions; uni
form convergence; integration and differentiation of
series.
5603: Real numbers; continuous functions; limits;
properties of continuous functions; differentiation; the
Riemann integral; improper integrals.

5611. VECTOR FUNCTIONS. (4 cr; prereq 3631)
Vector analysis, line integrals, divergence and Gauss
theorem, Stokes theorem. Applications of linear alge
bra to systems ofdifferential equations.

5612-5613·5614. INTRODUCTION TO ANALY
SIS. (4 cr per qtr; principally for students planning a
grad major in mathematics, as preparation for grad
courses in analysis; prereq one soph sequence or #)
Theory of real numbers; elements ofpoint set theory;
limits; differentiation; multivariable analysis.

5615. LEBESGUE INTEGRAL. (4 cr; prereq 5603
or 5612 or #)
Basic limit theorems. Comparison with Riemann inte
gral. Lebesgue measure. Absolute continuity.

5679. PROBABILITY. (4 cr, §5681; prereq 3211 or
equivor #J
Elementary principles ofprobability, total and com·
pound probability, expectation, repeated trials, and
topics chosen from the following: Stirling formula, the
probability integral, geometrical probability, proba
bility ofcauses, Bayes theorem, errors ofobservation,
principle ofleast squares.

5681·5682·5683. INTRODUCTION TO PROBA·
BILITY. (4 cr per qtr; prereq 3531 or 3631 or two 5xxx
math courses or Stat 5133 or #)
Logical development and various applications ofprob.
ability. Probability spaces, random variables, central
limit theorem; Markov chains.

5691. PROBLEM SOLVING COURSE-ANALY
SIS. 0-4 cr; prereq 5612-3-4 or equiv or #)
Development of advanced problem solving skills in
various topics in analysis covered in 5612-3-4 or
equivalent courses.
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5701. ENUMERATIVE COMBINATORICS. (4 cr;
prereq 3211 or equiv, 3rd-yr standing... soph-levellin
ear algebra is helpful)
Basic concepts in combinatorics. Enumeration includ
ing binomial counting, permutations, generating
functions, inclusion-exclusion principle, recurrence
relations. Application. Matching theory and designs.

5702. GRAPH THEORY AND OPTIMIZATION.
(4 cr; prereq 3211 or equiv, 3rd-yr standing... soph
level linear algebra is helpful)
Basic concepts. Topics from connectedness, Eulerian
graphs, trees, matrices, Hamiltonian graphs, coloring
problems, plane graphs, enumeration. Applications.

5703. CONSTRUCTIVE COMBINATORICS. (4 cr;
prereq 5701 or equiv, knowledge of some program
ming language)
Basic algorithmic methods in combinatorics with em
phasis on optimization.

5800. TOPICS IN MATHEMATICS. (1-4 cr [may be
repeated for cr with 6J; prereq #)

5900. TUTORIAL COURSE IN ADVANCED
MATHEMATICS. (Cr ar; prereq #)
Qualified students whose needs are not met by courses
offered may make arrangements to study content of
other graduate courses.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8140-8141·8142. APPLIED LOGIC

8150-8151-8152. AXIOMATIC SET THEORY

8166-8167-8168. RECURSION THEORY

8172-8173·8174. MODEL THEORY

8181-8182-8183. FORMAL LANGUAGES AND
AUTOMATA

8190-8191·8192. TOPICS IN LOGIC

8200-8201-8202. GENERAL ALGEBRA

8203-8204-8205. ALGEBRAIC GEOMETRY

8206·8207-8208. ALGEBRAIC NUMBER
THEORY

8209-9210. HOMOLOGICAL ALGEBRA

8211-8212. COMMUTATIVE ALGEBRA

8230·8231·8232. FOUNDATIONS OF ALGEBRA

8245·8246·8247. GROUP THEORY

8250·8251·8252. TOPICS IN GROUP THEORY

8263·8264·8265. TOPICS IN ALGEBRAIC
GEOMETRY

8266·8267·8268. TOPICS IN NUMBER THEORY

8270·8271·8272. LIE GROUPS AND LIE
ALGEBRAS

1
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8290-8291-8292. TOPICS IN ALGEBRA

8306-8307-8308. ALGEBRAIC TOPOLOGY

8321-8322-8323. HOMOTOPY THEORY

8330-8331-8332. DIFFERENTIAL TOPOLOGY

8342-8343-8344. TOPOLOGICAL DYNAMICS

8351-8352-8353. GLOBAL ANALYSIS

8360-8361-8362. TOPICS IN TOPOLOGY

8365-8366-8367. RIEMANNIAN GEOMETRY

8370-8371-8372. TOPICS IN GEOMETRY

8380-8381-8382. TOPICS IN ADVANCED
DIFFERENTIAL GEOMETRY

8406-8407-8408. ADVANCED METHODS OF
APPLIED MATHEMATICS

8412-8413·8414. PARTIAL DIFFERENTIAL
AND INTEGRAL EQUATIONS OF APPLIED
MATHEMATICS

8430-8431-8432. MATHEMATICAL THEORY OF
FLUID DYNAMICS

8433. MATHEMATICAL ASPECTS OF
BOUNDARY LAYER THEORY

8440. VARIATIONAL METHODS IN
BOUNDARY VALUE PROBLEMS

8441. VARIATIONAL METHODS IN EIGEN
VALUE PROBLEMS

8445-8446-8447. NUMERICAL ANALYSIS OF
ORDINARY AND PARTIAL DIFFERENTIAL
EQUATIONS

8450·8451-8452. TOPICS IN NUMERICAL
ANALYSIS

8460-8461-8462. MATHEMATICAL PROBLEMS
IN THEORETICAL PHYSICS

8466-8467-8468. JOINT SEMINAR WITH AERO
NAUTICAL ENGINEERING

8470-8471·8472. TOPICS IN THE MATHEMATI
CAL THEORY OF CONTINUUM MECHANICS

8480-8481-8482. SELECTED TOPICS OF CELES
TIAL MECHANICS

8500-8501-8502. THEORY OF ORDINARY
DIFFERENTIAL EQUATIONS

8516-8517·8518. THEORY OF NONLINEAR
OSCILLATIONS

8530-8531. TOPICS IN CONTROL THEORY

8540-8541-8542. TOPICS IN DIFFERENTIAL
AND DIFFERENCE EQUATIONS

8550-8551-8552. THEORY OF PARTIAL
DIFFERENTIAL EQUATIONS

Mathematics

8560-8561-8562. CALCULUS OF VARIATIONS
AND MINIMAL SURFACES

8566-8567-8568. CALCULUS OF VARIATIONS
IN THE LARGE

8590-8591·8592. TOPICS IN PARTIAL DIFFER
ENTIAL EQUATIONS

8600-8601-8602. REAL ANALYSIS

8609-8610. THEORY OF DIFFERENTIATION

8624-8625-8626. GENERALIZED FUNCTIONS,
DISTRIBUTIONS, AND APPLICATIONS

8630-8631-8632. WIENER AND FEYNMAN INTE
GRALS

8640-8641-8642. TOPICS IN REAL ANALYSIS

8650-8651-8652. THEORY OF PROBABILITY

8653-8654. INTRODUCTION TO STOCHASTIC
PROCESSES

8656-8657-8658. MEASURE THEORY AND
PROBABILITY

8660-8661-8662. STOCHASTIC PROCESSES

8666-8667-8668. STOCHASTIC CONTROL
THEORY

8672-8673-8674. TOPICS IN COMBINATIONAL
THEORY

8675. INFORMATION THEORY

8680-8681-8682. ERGODIC THEORY

8690-8691-8692. TOPICS IN THE THEORY OF
PROBABILITY

8700-8701-8702. COMPLEX ANALYSIS

8706,8707,8708. REAL AND COMPLEX ANALY
SIS

8720-8721-8722. CONFORMAL MAPPING

8735-8736·8737. RIEMANN SURFACES

8740-8741-8742. THEORY OF QUASI-CONFOR
MAL MAPPING

8780-8781-8782. TOPICS IN SEVERAL
COMPLEX VARIABLES

8790·8791-8792. TOPICS IN THE THEORY OF
ANALYTIC FUNCTIONS

8800-8801-8802. FUNCTIONAL ANALYSIS

8810-8811-8812. TOPOLOGICAL GROUPS

8830-8831·8832. BANACH ALGEBRAS AND
HARMONIC ANALYSIS

8845-8846-8847. GROUP REPRESENTATIONS

8874-8875-8876. NONLINEAR FUNCTIONAL
ANALYSIS AND ITS APPLICATION

8880-8881-8882. TOPICS IN OPERATOR
THEORY

8990-8991-8992. READING AND RESEARCH
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Mechanical Engineering (ME)

1001. INTRODUCTION TO MECHANICAL EN
GINEERING. (1 cr; SoN only; 11ect hr per wk)
An introduction to the field presented by practicing
engineers and members of the faculty. Topics include
the mechanical engineering curriculum, the elective
program, the profession, and related areas of research.

1025. ENGINEERING GRAPHICS. (4 cr; prereq IT
student, ~Math 1211 or equiv; 31ect and 1 rec hrs per
wk, open lab hrs)
Engineering representation in pictorial view and mul
tiview; sketching techniques, size description, stan
dard and simplified practices applied to graphical
communication. Analysis of systems of projection; cor
relation of graphical, numerical, and computer solu
tions ofspace problems, intersections and
development. Methods of computer-aided graphics.

3201. MECHANICAL ENGINEERING SYSTEMS
ANALYSIS. (4 cr, §AEM 3401; prereq ME or AEM
student, AEM 3036; 3 lect and 2 lab hrs per wk)
Determination of response of engineering systems uti
lizing transfer function representation. Analogies be
tween engineering systems based upon transfer
function equivalence.

3203. ANALYSIS OF MECHANISM SYSTEMS.
(4 cr; prereq ME upper division, AEM 3036 or equiv; 3
lect and 1 rec-Iab hrs per wk)
Diagnostics of the performance ofmechanism systems
involving linkage, hydraulic, pneumatic, and elec
trome chanical components. Energy balance tech
niques used to describe energy flow through machine
systems.

3205. ENGINEERING SYSTEMS DESIGN. (4 cr;
prereq ME upper division, AEM 3016; 3lect and 2 lab
hrsper wk)
Application offundamental concepts to the design of
typical mechanical components. Engineering ap
proach to the analysis and synthesis ofmachines and
systems. Specification of materials in engineering de
sign. Optimum design criteria.

3301. THERMODYNAMICS. (4 cr; prereq IT stu
dent, Chern 1014 or Phys 1281, Math 3221 or equiv; 4
lect hrs per wk)
Properties, equations ofstate, processes and cycles for
various thermodynamic systems. Development of first
and second laws ofthermodynamics, correlating heat,
work and mass transfer. Equilibrium, irreversibility
and mixtures.

3303. APPLIED THERMODYNAMICS. (4 cr,
§3305; prereq ME or AEM upper division, 3301 or
equiv; 41ect hrs per wk)
Application oflaws of thermodynamics to chemically
reacting systems and engineering systems. Vapor cy
cles, gas engine cycles, propulsion systems, refrigera
tion and air-water vapor mixtures.
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3305. PROPULSION THERMODYNAMICS. (4 cr,
§3303; prereq ME or AEM student, 3301 and AEM
5200 or equiv; 41ect hrs per wk)
Principles of thrust production, momentum, energy
and mass flow functions; chemical equilibrium, com
bustion, flame temperature. Thermodynamics oftur
bojet, turbofan, turboprop, rocket and engine units.

3701·3702. BASIC MEASUREMENTS LABORA
TORY I AND II. (2 cr per qtr; prereq ME upper divi
sion, 3301 or ~3301 for 3701...3701 for 3702; 11ect and
3 lab hrs per wk)
Treatment ofexperimental data, analysis and study of
experimental systems via the computer. Static and dy
namic characteristics ofmeasurement systems. Fun
damental principles ofmeasurement and calibration.
Measurement of temperature, pressure, vacuum, hu
midity, density, viscosity, heating values, speed,
power, force, stress-strain, and radioactivity.

3741-3742-3743. INDUSTRIAL ASSIGNMENT. (2
cr per qtr; prereq ME undergraduate and regis in coop
program for 3741, 3741 for 3742, 3742 for 3743)
Industrial work assignment in engineering intern
program. Evaluation based on student's formal writ
ten report covering the quarter's work assignment.

3900. INTRODUCTION TO ENGINEERING
STATISTICS. (4 cr; prereq IT student, Math 1231 or
equiv; 3lect and 1 rec hrs per wk)
Elements of probability, descriptive statistics, bino
mial and Poisson distributions; normal distribution,
estimation, hypothesis testing, regression analysis
and analysis ofvariance.

5190. ADVANCED ENGINEERING PROB
LEMS. (2-4 cr; open to upper division students; prereq
submission ofapproved dept permission form)
Special investigations in various fields ofmechanical
engineering and related areas including an indepen
dent study project.

5195. MECHANICAL ENGINEERING DESIGN
ANALYSIS. (3 cr; prereq MEorEE major, or grad, #,
EE 5451-5452, permission ofstudent's major dept)
Application ofmathematical and computational tech
niques to design problems chosen from wide range of
engineering disciplines. Frequent use made of inter
disciplinary problems first encountered in industry.
Elasticity, fluid mechanics, thermodynamics, one-di
mensional compressible flow, and heat transfer.
Weekly written reports required.

5203. ADVANCED ANALYSIS AND SYNTHE
SIS OF MECHANISM SYSTEMS. (3 or 4 cr; prereq
IT student or grad, 3203 or equiv... computer program
ming desirable; 31ect hrs per wk)
Analytical methods ofkinematic, dynamic, and
kineto-elasto-dynamic analysis and synthesis of
mechanisms. Computerized design for function, path
and motion generation based on Burmester theory.



5205. CREATIVITY IN ENGINEERING DE
SIGN. (3 or 4 cr [1 cr term paper option] ; completion
of ME core courses or equiv desirable; prereq IT stu
dent or grad; 3lect hrs per wk)
The role of creative action at various stages in the de
sign process. Creative decision making in developing
design criteria, alternative solutions, and their
evaluation.

5207. EXPERIMENTAL STRESS ANALYSIS. (4
cr; prereq IT upper division or grad, AEM 3016; 3lect
and 3 lab hrs per wk)
Experimental application and theoretical evaluation
ofmethods ofstress analysis. Strain gages, surface
coatings, photoelasticity techniques. Design of trans
ducing systems utilizing strain.

5209. FRICTION AND LUBRICATION. (3 or 4 cr
[1 cr term paper option] ; prereq IT student or grad,
CE 3400 or AEM 3200 or equiv; 3 lect hrs per wk)
Solid friction mechanism and boundary lubrication.
Hydrodynamic and hydrostatic lubrication theory ap
plied to bearing design. Introduction to gas bearings.

5220. COMPUTER-AIDED DESIGN. (4 cr; prereq
IT student or grad. 3rd-yr ME courses and FORTRAN
programming; 3leet and 1 rec hrs per wk)
Application of computer-aided design techniques to
engineering design. Engineering design projects/case
studies utilizing selected computerized numerical
techniques, design optimization, and computer graph
ical presentation of results.

5221. COMPUTER GRAPHICS IN DESIGN. (4 cr;
prereq IT student or grad, 5220 or #; 3 lect and 2lab
hrs per wk)
Introduction to software techniques and hardware for
applications of computer graphics to mechanical engi
neering design. Modeling and analysis of systems us
ing graphical techniques to enhance human-machine
interaction.

5225. FINITE ELEMENTS IN MECHANICAL
DESIGN. (4 cr; prereq IT student or grad, 3205, 5342
and programming)
Introduction to fundamentals offinite element analy
sis, oriented to mechanical engineering design appli
cations. Extensive examples from industry and
student projects involving actual set-up and solution
ofdescriptive problems using industry-accepted anal
ysis codes and interactive graphics for model
generation.

5244. VIBRATION ENGINEERING. (4 cr; prereq
IT student or grad, 3201 or equiv; 4lect hrs per wk)
Applications of the theory of vibration to the design
and optimization of isolators, detuning mechanism,
viscoelastic suspensions and structures.

5254. DESIGN MORPHOLOGY WITH APPLI
CATIONS. (4 cr; prereq ME upper division; comple
tion of3201l3203/3205, 3303/5342 or #; 2lect and 2
lab sessions per wk)
Detailed study ofdesign problem formulation and the
structure of the open-ended solution process based on
design morphology. Case studies and student projects
as instructional vehicles.

Mechanical Engineering

5255. ENGINEERING DESIGN PROJECT. (4 cr
[may be repeated for crl ; prereq ME upper division,
5254; llect and 2lab sessions per wkl
Participation in solution of systems design problems
that have developed criteria, order-of-magnitude eval
uation of alternatives. and generation ofpreliminary
design.

5260. ENGINEERING MATERIALS AND PRO
CESSING. (4 cr; prereq ME upper division, Phys
1291, Chem 1014, and 1st-yr calculus; 3lect and 1 rec
hrs per wk; safety glasses required)
Introduction to materials and processing including
physical and metallurgical properties, consolidation,
etc. Material processing including machining. weld
ing. and deformation processes.

5262. MATERIAL WORKING AND FABRICA
TION PROCESSES. (4 cr; prereq IT student or grad,
5260 or equiv; 3lect and 1 rec hrs per wk)
Theory and application ofjoining techniques, welding,
brazing, and adhesive bonding. Metal forming,
rolling, swaging, drawing, and similar operations. In
spection and test methods to control and evaluate fab
rication processes including X-ray, magnetic,
metallographic, and chemical methods.

5264. MATERIAL CONSOLIDATION PRO
CESSES. (4 cr; prereq IT student or grad, 5260 or
equiv; 31ect and 1 rec hrs per wk)
Theory and practice ofmaterial consolidation includ
ing casting and powder metal processes. Composite
materials techniques.

5266. MATERIAL FINISHING PROCESSES. (4
cr; prereq IT student or grad, 5260 or equiv; 3lect and
1 rec hrs per wk)
Theory and practice ofmetal removal and finishing
including mechanical, chemical, and electrolytical
methods. Techniques of surface preparation, plating,
abrasive and chemical cleansing, coatings, and films.

5268. PROPERTIES AND FABRICATION OF
PLASTICS. (4 cr; prereq IT student or grad, 5260 or
equiv; 3 lect and llab-rec hrs per wk)
Materials, equipment, and processes for fabrication of
plastics. Principles ofproducts and tool design. Hy
draulic and temperature circuit control for equipment.

5270. MATERIALS-DESIGN REQUIRE
MENTS. (4 cr; prereq IT student or grad, 5260 or
equiv; 3 lect and 1 rec hrs per wk)
Fundamental properties of engineering materials in
cluding fabrication, treatment, physical and corrosive
properties. Failure mechanism, cost and value analy
sis as related to material selection and specification.

5271. COMPUTER-AIDED MANUFACTURING:
ROBOTICS. (4 cr; prereq IT student or grad IT major,
5260 and 5283 or equiv)
Analysis and design of computer-controlled systems in
manufacturing environment. Numerical control (NC)
systems design. Robotics; multijointed manipulator
dynamics and control. Sensor feedback and adaptive
control.
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5272. COMPUTER-AIDED MANUFACTURING:
AUTOMATION. (4 cr; prereq IT student or grad IT
major, 5271 or equiv)
Continuation of5271. Automatic inspection and as
sembly techniques. Mathematics of image processing
as applied to inspection and robot tracking problem.
Group Technology, parts classification, and manufac
turing cell.

5275. COMPUTER·CONTROLLED EXPERI
MENTATION. (4 cr; prereq IT or grad student, 5283,
or equiv; 3lect and 2lab/rec hrs per wk)
AID and D/A conversion, Sampling Theorem DFT and
FFT, analog and digital filter design, simulation, real
time micro- and mini-computer control.

5283. INDUSTRIAL INSTRUMENTATION AND
AUTOMATIC CONTROL. (4 cr; prereq IT student
or grad, 3201 or equiv; 4 lect hrs per wk)
Basic theory oflinear feedback control systems.
Transfer function representation ofelectromechani
cal, pneumatic, and hydraulic components. Industrial
automatic controllers. Root-locus and frequency-re
sponse methods ofanalysis and design.

5284. CONTROL SYSTEMS. (4 cr; prereq IT stu
dent or grad, 5283 or equiv; 4lect hrs per wkl
State-space analysis ofdiscrete-time and continuous
time control systems. Z-transform method. Liapunov
stability analysis. Controllability and observability.
Introduction to optimal control and adaptive control.

5285. CONTROL SYSTEMS LABORATORY. (2
cr; prereq IT student or grad IT major, 5283 or equiv)
Experiments designed to illustrate and apply control
theory to mechanical engineering systems. Measure
ment techniques, calibration, timing of controls, char
acterization of sensors and control circuits.

5288. MODELING AND SIMULATION OF DY
NAMIc SYSTEMS. (4 cr; prereq IT student or grad,
5283 or equiv; 3 lect and 1 lab hrs per wk)
Generalized approach to developing models for de
scribing complex dynamic interactions between me
chanical, electrical, fluid, and thermal systems.
Analog and digital simulation. Applications to elec
tromechanical devices, transducers, hydraulic power
and thermofluid systems.

5342. HEAT TRANSFER. (4 cr; prereq IT upper di
vision or grad student, CE 3400 or AEM 3200; 4lect
hrs per wk)
Steady and unsteady conduction of heat. Convection
heat transfer in boundary layer and duct flows; forced
and free convection; condensation and boiling; heat
exchangers. Heat transfer by thermal radiation; ra
diative properties of black bodies and real surfaces.

5344. THERMODYNAMICS OF FLUID FLOW. (4
cr; prereq IT student or grad, 3301 and CE 3400 or
AEM 3200; 4lect hrs per wk)
Compressible flow ofgases in engineering systems
such as nozzles, ducts, combustion chambers, ramjets,
pipelines, etc. Isentropic flow in variable area pas
sages. Shock waves. Flow with wall friction, heat
transfer, and mass transfer.
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5380. REACTOR HEAT TRANSFER. (3 cr; prereq
IT student or grad, 5342 or equiv; 3 rec hrs per wk)
Heat conduction with internal heat generation, ther.
mal stresses, liquid metal heat transfer, forced convec
tion in noncircular ducts, boiling, and two-phase flow.

5402. ECOLOGY, TECHNOLOGY, AND SOCI
ETY. (4 cr, §ID 5402; prereq IT student or grad; 4lect
hrsperwk)
Dilemmas produced as a result ofconflicts between
finite limits and population and industrial growth;
underlying causes: current technology, values, eco
nomics, institutions, and political structures; and pos
sible directions for resolution. Faculty members from
various disciplines participate.

5403. ECOLOGY, TECHNOLOGY, AND SOCI
ETY. (4 cr, §ID 5403; prereq 5402, IT student or grad;
3lect hrs per wk)
Military technology related to problems oflife sup
port, major dilemmas ofeconomic growth and control
of technology, ethical problems faced by engineers,
factors in transition to sustainable society.

5442. VAPOR CYCLE POWER SYSTEMS. (3-5 cr
[1-2 cr term paper option]; prereq IT student or grad,
3303 or equiv; 3 lect hrs per wk)
Vapor cycle analysis, regeneration, reheat, compound
cycle modifications, combined gas turbine-vapor cycle
systems and binary systems. Combustion problems;
solar, nuclear, and unusual energy sources for space
power systems.

5443. TURBOMACHINERY. (3-5 cr [1-2 cr term pa
per option]; prereq IT student or grad, 3301 or equiv; 3
lect hrs per wk)
Theoretical analysis ofenergy transfer between fluid
and rotor, principles of axial, mixed, and radial flow
compressors and turbines. Applications to power
plants, fluid transmissions, and propulsion systems.

5446. AN INTRODUCTION TO COMBUSTION.
(4 cr; prereq IT student or grad, 5342 or equiv; 4lect
hrs perwk)
Flame propagation, quenching and ignition in a
gaseous mixture; combustion ofsolid and liquid parti
cles, and gaseous jets. Applications to selected propul
sion systems.

5455. ROCKET PROPULSION. (3-5 cr [1·2 cr term
paper option]; prereq IT student or grad, 3303 or
equiv; 3 lect hrs per wk)
Mode of operation and performance limitations of
chemical rockets with liquid, solid, and free radical
propellants, nuclear and solar rockets with thermal
and electromagnetic propellant acceleration.

5460. INTERNAL COMBUSTION ENGINES. (4
cr; prereq IT student or grad, 3301 or equiv; 4lect hrs
perwk)
Principles ofpower production, fuel consumption, and
emissions ofgasoline and diesel engines; fuel-air cycle
analysis, combustion flames, knock phenomena, air
flow and volumetric efficiency, mixture requirements,
ignition requirements and performance.



5461. ADVANCED INTERNAL COMBUSTION
ENGINES. (3-5 cr [1-2 cr term paper option] ; prereq
IT student or grad, 5460 or equiv; 3 lect hrs per wk)
Hydrocarbon fuels, octane and cetane ratings, addi
tives and deposits; lubrication systems, lubricants, ad
ditives for control offriction; air and liquid coolings;
engine design problems.

5462. GAS TURBINES. (4 cr; prereq IT student or
grad, 3301 or equiv; 41ect hrs per wkJ
Gas turbine cycles, regeneration, reheat, and inter
cooling. Axial and radial flow compressors and tur
bines; burner types and combustion efficiency;
emissions and noise. Matching ofcompressor and tur
bine. Turbojet, fan-jet and turboprop engine
performance.

5480. BIOLOGICAL FLUID FLOW. (3-4 cr [1 cr
term paper option1 ; prereq IT student or grad, CE
3400, AEM 3200 or equiv; 3lect hrs per wk)
Introduction to rheology and fluid dynamics ofbiologi
cal fluids. Blood flow, biological pumping, self-pro·
pelled particles, unusual viscoelastic behavior of
biological fluids, and other fluid motions.

5603. THERMAL ENVIRONMENTAL ENGI·
NEERING. (4 cr; prereq 3303, 5342 or equiv; IT stu
dent or grad, 41ect hrs per wk)
Thermodynamic properties of moist air; psychromet
ric chart applications; solar radiation; heat and mois
ture transmission through structures; human thermal
comfort and indoor air gravity; heating, cooling and
ventilating systems and controls.

5604. HEATING AND COOLING LOADS IN
BUILDINGS. (4 cr; prereq 5603; 4lect hrs per wk)
Transient heat transfer through structures; lighting
and other internal gains; ventilation; winter and sum
mer loads; seasonal energy estimation methods; com
puter simulation programs; codes and standards.

5605. REFRIGERATION. (4 cr; prereq IT student
or grad, 3303; 4lect hrs per wk)
Mechanical vapor compression systems; absorption
systems; thermoelectric cooling; gaseous air cycle;
steam- Jet refrigeration. Liquefaction of air, hydrogen,
and helium; production of oxygen and nitrogen by sep
aration ofair.

5607. INDUSTRIAL VENTILATION AND CON.
TAMINANT CONTROL. (4 cr; prereq IT student or
grad, 3303 and CE 3400 or equiv; 4lect hrs per wkJ
Contaminants, dispersion mechanisms, transport,
fans, hoods, gas cleaners, behavior ofjets and sinks,
closed and open systems, applications to industrial
processing and emission control.

5609. AIR POLLUTION (4 cr; prereq IT student Or
grad, 3303 or #; 4 lect hrs per wk)
Air pollution sources, atmospheric transport, transfor
matIOns and fate. Air pollution meteorology, disper
SIOn, and models. Basic chemistry of secondary
pollutant formation, aerosol growth, air pollutant vis
Iblhty relatIOnshIps. Standards and regulations.

Mechanical Engineering

5612. ENVIRONMENTAL ENGINEERING. (4 cr;
prereq IT upper division or grad student; 4lect hrs per
wk) ,
Basic principles ofengineering assessment and con
trol of emissions to air and water, noise measurement
and control, and control, handling, and disposal of
solid waste.

5613. PRINCIPLES OF PARTICLE TECHNOL·
OGY. (4 cr; prereq IT student or grad, 3303; 4lect hrs
perwk)
Definition, theory, and measurement ofparticle prop
erties, particle statistics, fluid dynamics, optical, elec
trical, and thermal behavior of particles.

5614. PRINCIPLES OF PARTICLE TECHNOL
OGY. (4 cr; prereq IT student or grad, 5613; 4lect hrs
perwk)
Gas cleaning, particle transport, comminution, classi
fication, surface properties, packed beds, powder be
havior, and miscellaneous topics.

5616. AEROSOL MEASUREMENT. (2 cr; prereq
5613,5614 or #, IT student or grad; 3 lect/lab hrs per
wk)
Principles ofaerosol measurement. Modern aerosol in
st~mentation. Topics include optical techniques; in
ertIal collectors; electrical mobility techniques; Beta
attenuation; and piezoelectric mass sensing tech
niques, condensation nuclei counters, and diffusion
batteries.

5617. ADVANCED AEROSOL MEASUREMENT.
(4 cr; prereq IT student or grad, 5613 or #)
Fundamental principles and techniques ofairborne
particle measurement. Modern aerosol instrumenta
tion: inertial collectors, optical particle counters, dif
ferential mobility particle sizer, condensation nucleus
counters, aerodynamic particle sizer. Aerosol genera
tion and instrument calibration. Aerosol measure
ment in clean room and source emission
measurement. Data analysis and interpretation.

5703·5704·5705. ADVANCED MECHANICAL
ENGINEERING LABORATORY. (2 cr per qtr; pre
req IT sr, 3702)
Systems measurement and evaluation involving vari
ous areas of study in mechanical engineering. Each
quarter involves two five-week laboratory modules as
selected by student.

5712. SOLAR ENERGY UTILIZATION. (4 cr; pre
req IT student or grad, 5342 or #; 4lect hrs per wk)
History.and potential of solar energy utilization;
avaIlablhty of solar radiation on clear and cloudy
days; incident radiation on horizontal, vertical, and
inclined surfaces; flat-plate and concentrating solar
collectors; heating and cooling with solar energy'
power generation; review ofcurrent research. '

5721. PROPULSIVE SYSTEMS FOR SURFACE
TRANSPORTATION. (4 cr; prereq IT student or
grad, 3301 recommended; 4 lect hrs per wk)
Characteristics of electrical and mechanical propul
sIOn deVIces and energy storage systems available for
use in v~rious types ofsurface transport vehicles,
~orldwlde energy sources, environmental implica
tIOns of transport propulSIve devices. power require
ments, and thermodynamic constraints.
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5741-5742. INDUSTRIAL ASSIGNMENT AND
DESIGN PROJECT (4 cr per qtr; prereq 3742 for
5741,5741 for 5742)
Solution of system design problems that require devel
opment ofcriteria, evaluation ofalternatives, and
generation of a preliminary design. Final report
emphasizes design communication and describes de
sign decision process. analysis, and final
recommendations.

For Graduate Students Only
(For descriptions, see Graduate School Bullietin)

8190. MECHANICAL ENGINEERING GRADU
ATE SEMINAR

8210. ADVANCED VIBRATION ENGINEERING

8211-8212-8213. APPLIED DYNAMICS

8221. ADVANCED COMPUTER GRAPHICS
TOPICS

8225. FINITE ELEMENT ANALYSIS

8243. PHOTOELASTICITY

8280-8281-8282. FEEDBACK CONTROL
SYSTEMS

8310. ADVANCED THERMODYNAMICS

8311. STATISTICAL AND NONEQUILIBRIUM
THERMODYNAMICS

8326. BOILING HEAT TRANSFER AND MULTI
PHASE FLOW

8330. CONDUCTION

8331. CONVECTION

8332. RADIATION

8333. ADVANCED THEORY OF HEAT
TRANSFER

8350. ADVANCED FLUID THERMODYNAMICS

8351. COMPUTATION OF FLUID FLOW AND
HEAT TRANSFER

8352. ADVANCED COMPUTATION OF FLUID
FLOW AND HEAT TRANSFER

8353. COMPUTATION OF BOUNDARY LAYER
FLOWS

8360-8361-8362. INTRODUCTION TO PLASMA
TECHNOLOGY

8442. ADVANCED POWER PLANTS

8443. THERMOCHEMICAL ANALYSIS OF
POWER SYSTEMS
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8444-8445. THERMODYNAMICS AND CHEMI
CAL KINETICS OF COMBUSTION

8446. ENERGY TRANSPORT IN CHEMICALLY
REACTING GASES

8447. MASS TRANSFER IN CHEMICALLY RE
ACTING GASES

8448. ATOMIZATION, VAPORIZATION,AND
MIXING

8450. DYNAMICS OF HIGH SPEED ENGINES

8453. ADVANCED GAS TURBINES AND JET
PROPULSION

8455. ADVANCED ROCKET PROPULSION

8485-8486-8487. BIOMEDICAL ENGINEERING
SEMINAR

8613. FUNDAMENTALS OF AEROSOL
BEHAVIOR

8770-8771-8772. MECHANICAL ENGINEERING
RESEARCH

8773-8774-8775. GRADUATE SEMINAR

Physics (Phys)
1001. THE PHYSICAL WORLD. (4 cr [no cr for IT
students], §any physics courses other than 1061; pre
req one yr high school algebra; 4 class hrs per wk)
Fundamental laws and principles governing the phys
ical world, discussed in the context in which they are
encountered in modern science and technology. Asso
ciated lab is 1005.

1002. THE PHYSICAL WORLD IN TRANSI
TION. (4 cr [no cr for IT students], §any other in
troductory physics courses except 1001, 1061; prereq
1001; 4 class hrs per wk)
Principles underlying recent discoveries in physics,
their application and potential application to modem
technology, problems that may arise with some appli
cations. Nuclear energy, radiology, lasers. solid state
physics, microelectronics, computers, superfluids and
superconductors, robots, space physics, cosmology.

1005. PHYSICS LABORATORY. (l cr [no cr for IT
students]; SoN only; prereq 1001 or ~1001; 2 lab hrs
perwk)
Laboratory experiments offered in conjunction with
1001.

1041-1042. INTRODUCTORY PHYSICS. (4 cr per
qtr [no cr for IT students except Arch, pre-Arch, Envi
ronmental Design], §other introductory physics
courses; prereq high school algebra and plane geome
try; 4 class hrs per wk)
Lectures and problem sessions. Primarily for students
interested in topics useful in technical areas. 1041:
Mechanics, fluids and gases, heat, waves. 1042: Elec
tricity and magnetism, light, optical instruments,
atoms and spectra, nuclei, radioactivity.



1045-1046. INTRODUCTORY PHYSICS LABO
RATORY. (l cr per qtr [no cr for IT students except
Arch, pre-Arch, Environmental Design]; SoN only;
prereq 1041 or ~1041 for 1045...1042 or ~1042 for
1046; 2 lab hrs per wk)
Laboratory experiments offered in conjunction with
1041-1042.

1061. PHYSICS OF HUMAN MOTION. (4 cr [no cr
for IT students]; prereq 1 yr high school algebra,
n065; 3lect- discussion hrs per wk)
Basic concepts of classical mechanics applied to mo
tion ofhuman bodies in various forms of work, athlet
ics, and dance. Physics of muscles. Eight labs.

1065. HUMAN MOTION LABORATORY. (l cr [no
cr for IT students]; SoN only; prereq n061; 2 lab hrs
perwk)
Human motion experiments to accompany 1061.

1071. INTRODUCTORY METEOROLOGY. (4 cr;
prereq high school algebra; 4 lect hrs per wk)
Physics of atmospheric processes. Clouds, fronts, and
cyclones. Weather forecasting. Human influence on
the atmosphere.

1075. INTRODUCTORY METEOROLOGY LAB
ORATORY. (l cr; SoN only; prereq 1071 or ~1071; 2
lab hrs per wk)
Field experiments offered in conjunction with 1071.

1104-1105-1106. GENERAL PHYSICS. (4 cr per qtr
[no cr for IT students]; prereq Math 1142 and high
school trigonometry or Math 1008 for 1104; 4lect and
1 quiz hrs per wk)
Primarily for premedical and biological science stu
dents. 1104: Mechanics. 1105: Heat and electricity.
1106: Magnetism, sound, light, modern physics.

1107-1108-1109. GENERAL PHYSICS LABORA
TORY. (l cr per qtr [no cr for IT students]; SoN only;
prereq 1104-1105- 1106 or ~1104-1105·1106;2 lab hrs
perwk)
Laboratory exercises offered in conjunction with 1104·
1105-1106.

1271-1281-1291. GENERAL PHYSICS. (4 cr per
qtr; prereq completion ofor concurrent regis in Math
1221 or 1521 or 1621 or equiv for 1271...completion of
or concurrent regis in Math 1231 or 1531 or 1621 or
equiv for 1281; may be taken with or without accom
panying lab 1275-1285-1295; 4lect and 1 quiz hrs per
wk)
Calculus-level general physics course. 1271: Mechan
ics. 1281: Heat, electricity. 1291: Magnetism, optics.

1275-1285-1295. GENERAL PHYSICS LABORA
TORY. (1 cr per qtr; SoN only; prereq 1271-1281-1291
or ~1271-1281-1291 or 1311-1321-1331-1341 or
~1311-1321-1331·1341;2 lab hrs per wk)
Laboratory exercises offered in conjunction with 1271
1281-1291 and 1311-1321-1331-1341.

1282. GENERAL PHYSICS SEMINAR. (1 cr; SoN
only; prereq concurrent regis in 1281, section 3,6; 1
class hr per wk)
Further development ofselected topics in general
physics.

Physics

1292. GENERAL PHYSICS SEMINAR. (1 cr; SoN
only; prereq concurrent regis in 1291, section 3, 6; 1
class hr per wk)
Further development of selected topics in general
physics.

1311-1321-1331·1341. COMPREHENSIVE IN
TRODUCTORY PHYSICS WITH CALCULUS. (4
cr per qtr; prereq completion ofour concurrent regis in
Math 1211 or 1511 or 1611 or equiv for 1311 ...1311
and completion ofor concurrent regis in Math 1221 or
1521 or 1621 or equiv for 1321 ...1321 and completion
of or concurrent regis in Math 1231 or 1531 or 1621 or
equiv for 1331 ... 1331 for 1341; may be taken with or
without accompanying lab 1275 for 1311 or 1321,
1285 for 1331,1295 for 1341; 41ect hrs per wk)
Comprehensive calculus-level general physics course.
1311: Mechanics ofparticles. 1321: Mechanics of ex
tended bodies, fluids, thermodynamics. 1331: Electric
ity and magnetism. 1341: Electromagnetic waves,
light, modern physics.

3011. OSCILLATIONS. (4 cr; prereq 1291, Math
3212 or ~3212 or equiv; 31ect and 1 prob hrs per wk)
Physical and mathematical study of the harmonic os
cillator. Transient behavior; resonance; impedance;
mechanical and electrical examples; coupled systems;
traveling and standing waves; Fourier series,
interference.

3015. LABORATORY IN OSCILLATIONS AND
WAVES. (l cr; prereq 3011 or ~3011; 3 lab hrs per wk)
Laboratory exercises in oscillations and waves.

3201. THERMODYNAMICS. (4 cr; prereq 1281 or
1321 or #; 31ect and 1 prob session per wk)
The laws of thermodynamics, entropy, and probabil
ity; applications to simple systems, phase equilibrium,
chemical potential.

3501. MODERN PHYSICS. (4 cr [no cr for physics
majors], §3511-3512-3513; prereq 1291 or 1341 or
1106; 3lect and 1 prob hrs per wk)
Descriptive course in modern physics; quantum me
chanics, hydrogen atom, multielectron atoms, molecu
lar structure, quantum statistics, thermal radiation,
solid state physics, nuclear physics.

3511-3512-3513. MODERN PHYSICS. (4 cr per qtr;
prereq 1291 or 1341 or 1106 or ~1291 or ~1341 or
~1106,Math 1231 for 3511...Math 3212 or 3066 or
~Math 3212 or ~3066 or equiv for 3512...3512 for 3513;
3 lect and 1 prob hrs per wk)
Introduction to special relativity, statistical physics,
quantum mechanics, and surveys ofselected topics in
atomic, molecular, solid state, nuclear and particle
physics phenomena.

3515. PHYSICS LABORATORY. (l cr; prereq 3501
or ~3501 or 3512 or ~3512; 3 lab hrs per wk)
Laboratory experiments in atomic, solid state, and nu
clear physics.

111



Course Descriptions

3801. INTRODUCTION TO THE PHYSICS OF
PHOTOGRAPHY. (5 cr; prereq high school algebra,
some photographic experience; 3 lect. 1 discussion,
and 2 lab hrs per wk)
Principles ofoptics and electricity applied to photo.
graphic processes. Image formation; intensity, color of
illumination; exposure of photographic materials.
Technical literature as applied to pictorial photogra·
phy (or tone reproduction); line reproduction and
duplication.

3970. DIRECTED STUDIES. (1-5 cr; prereq #, 6)
Independent, directed study in physics in areas ar
ranged by the student and a faculty member.

5021-5022.* INTRODUCTION TO ANALYTIC
MECHANICS. (4 cr per qtr; prereq 3011, Math 3213
or equiv; 3 lect and 1 prob hrs per wk)
Analytical course in Newtonian mechanics. Vectors
and vector operators; angular momentum; central
force problem; systems of particles; tensors; rigid bod·
ies; moving coordinate systems; continuous media; La
grange equations. Mathematics beyond the
prerequisites developed as required.

5023-5024.* INTRODUCTION TO ELECTRIC
AND MAGNETIC FIELDS. (4 cr per qtr; prereq
3011, Math 3213 or equiv; 3lect and 1 prob hrs per
wk)
Classical theory of electric and magnetic fields mak
ing free use of vector algebra and vector calculus.
Maxwell equations for free space and material media.
Wave solutions.

5025.* SPECIAL TOPICS IN ELECTRIC AND
MAGNETIC FIELDS. (4 cr; prereq 5024; 3lect and 1
prob hrs per wk)
Special topics selected by instructor.

5031-5032-5033.* TOPICS IN MATHEMATICAL
PHYSICS. (4 cr per qtr; prereq two 5000-level math
courses; 3 lect and 1 prob hrs per wk)
Mathematical techniques needed for physics. Applica
tion of mathematical methods to physical problems.

5051-5052-5053.* CLASSICAL PHYSICS. (4 cr per
qtr; prereq 5022 and 5024, advanced calculus or #; 3
lect and 1 prob hrs per wk)
Classical mechanics, special relativity, and classical
electrodynamics. Applications of advanced mathemat
ical techniques.

5061. NUMERICAL METHODS IN PHYSICS. (4
cr; prereq 5021, 5023; 21ect and 4 lab hrs per wk)
Solution of physics problems (mechanics. electricity
and magnetism, quantum mechanics, statistical
physics) by numerical techniques.

5090. PHYSICS OF MUSICAL INSTRUMENTS.
(3 cr [may be repeated for cr with #; no cr for physics
grad students], §MuEd 5750; prereq #)
Seminar on physical characteristics of and processes
in playing musical instruments. Nonmathematical; to
improve performance and teaching skills. Electronic
methods to sense and display cues to assist perfor
mance and teaching.
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5091. PHYSICAL ACOUSTICS OF MUSIC. (5 cr
[no cr for physics grad students]; prereq 1 yr high
school algebra and upper division or grad standing in
music or music education or equiv background in mu
sic theory and practice, or #; 3lect, 1 discussion, and 3
lab hrs per wk)
Principles ofphysics and acoustics as they relate to
musical sounds, musical instruments, and the elec
tronic production and reproduction of musical sounds.
Laboratory.

5101-5102.* INTRODUCTION TO QUANTUM
MECHANICS. (4 cr per qtr; prereq 3512; 31ect and 1
prob hrs per wk)
Mathematical techniques ofquantum mechanics.
Wave packets; SchrOdinger equation, angular momen
tum; radial equation; spin; perturbation theory; colli
sion theory.

5121. METHODS OF EXPERIMENTAL
PHYSICS: I. (5 cr; prereq 3513 or # ...knowledge of
FORTRAN programming desirable; 31ect and 4 lab
hrs per wk)
Contemporary techniques. Includes probability and
errors, introduction to analog and digital electronics,
experimental strategy, and introduction to computer
based data acquisition and experimental control.

5122. METHODS OF EXPERIMENTAL
PHYSICS: II. (4 cr; prereq 5121 or #; 2lect and 6 lab
hrs per wk)
Contemporary techniques. Includes applications of
Fourier transforms, signal averaging and phase-lock
detectors, high vacuum techniques, magnet and
charged particle beam design. Laboratory; problems
involving the use of microcomputers for data acquisi
tion and experimental control.

5123. METHODS OF EXPERIMENTAL
PHYSICS: III. (4 cr; prereq 5122 or #; 81ab hrs per
wk)
Contemporary techniques. Laboratory; choice of ex
perimental projects in low temperature, solid state,
nuclear, elementary particle, and cosmic ray physics.

5124. EXPERIMENTAL PROJECT. (Cr ar; prereq
5123 and #)
Research project in some aspect ofcontemporary
physics. Project must be approved by faculty coordina
tor prior to registration.

5151-5152-5153.* QUANTUM MECHANICS. (4 cr
per qtr; prereq 5102 or equiv, advanced calculus or #;
31ect and 1 prob brs per wk)
Development from first principles. SchrOdinger equa
tion, angular momentum, scattering, matrix repre
sentations, spin, approximation methods, interaction
with the electromagnetic field, identical particles, ap
plications to atomic systems.

5162.* INTRODUCTION TO PLASMA PHYSICS.
(4 cr; prereq 5022 and 5024 or #)
MagnetohydrOdynamics and properties of collisionless
plasmas, applications to magnetic field of earth and
sun and to plasma confinement. Transport phenom
ena and effects of collisions.

~
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5201-5202.· THERMAL AND STATISTICAL
PHYSICS. (4 cr per qtr; prereq 3513 or equiv; 41ect
hrsperwk)
5201: Thennodynamics, statistical mechanics. 5202:
Applications ofthennodynamics and statistical me
chanics. kinetic theory, fluctuations, transport theory.

5211.· INTRODUCTORY SOLID-STATE
PHYSICS. (4 cr; prereq 5101, 5202 or equiv; 41ect hrs
perwkl
Diffraction of waves in solids; electron band structure;
crystal binding and vibrations; optical, dielectric, and
magnetic properties ofsolids.

5231-5232-5233.· INTRODUCTION TO SOLID
STATE PHYSICS. (4 cr per qtr; for grad and ad
vanced undergrad students in physics, science, and
engineering; 4 lect hrs per wk)
Crystal structure and binding; diffraction; phonons;
thennal and dielectric properties of insulators; free
electron model; band structure; semiconductors; dia
magnetism; paramagnetism; ferromagnetism and
antiferromagnetism; optical phenomena, lasers; su
perconductivity; surface properties; ferroelectricity.

5301.· INTRODUCTION TO NUCLEAR
PHYSICS. (4 cr; prereq 5102 or equiv; 31ect and 1
prob hrs per wk)
Static properties and dynamic processes of atomic nu
clei. Provides survey for nonspecialists; a first course
for those intending to specialize in nuclear physics.

5351.· EXPERIMENTAL PARTICLE PHYSICS.
(4 cr; prereq 3513; 31ect hrs per wk and field trips)
Interactions ofparticles and photons with matter and
radiation. Detectors for particles and photons used in
elementary particle, nuclear, and cosmic ray physics.

5371.· INTRODUCTION TO ELEMENTARY
PARTICLE PHYSICS. (4 cr; prereq 5102 or equiv; 3
lect and 1 prob hrs per wk)
Relativistic kinematics; mass, spin, isospin, and
strangeness ofelementary particles; SU3 classifica
tion and the quark model; particle reactions and de
cays; experimental methods ofdetection and analysis.

5401.· INTRODUCTION TO CONTEMPORARY
PROBLEMS IN COSMIC RAY AND SPACE
PHYSICS. (4 cr; primarily for students specializing
in other branches ofphysics; prereq #; offered alt yrs)
Cosmic rays: characteristics, motion in interplanetary
and interstellar medium. X-rays and radio astronomy.

5441.· INTRODUCTORY DYNAMIC METEO
ROLOGY I. (5 cr; prereq 1291 or 1341 and Math 3213
or 5602 or #; 31ect and 3 lab hrs per wk)
Fluid dynamics oflarge-scale weather systems; math
ematical introduction to quasi-geostrophic model used
in numerical weather prediction. Concurrent labora
tory study ofweather charts to illustrate application
of theory offered.

5442.· INTRODUCTORY DYNAMIC METEO
ROLOGY II. (4 cr; prereq 5441 or #)
Energetics and general circulation of the atmosphere.

Physics

5451.· CLOUD PHYSICS. (3 cr; prereq Math 3211
or equiv, 1 yr general physics; 3 lect hrs per wk)
Composition of the atmosphere, past, present, and fu
ture. Thennodynamics of atmosphere with condens
able water. Properties and growth ofdrops and ice
crystals. Particles in the atmosphere.

5452.· CLOUD SYSTEMS. (3 cr; prereq Math 3211
or equiv, 1 yr general physics; 31ect hrs per wk)
Circulation, energy balance of atmosphere. Radar
techniques for analyzing cloud systems. Cloud struc
ture and motion.

5453.· ELECTRICAL PROPERTIES OF
CLOUDS. (3 cr; prereq Math 3211 or equiv, 1 yr gen
eral physics; 3 lect hrs per wk)
Structural, thennodynamic, and electrical properties
of water and ice. Ions in the atmosphere. Generation
ofcharge and its effects on cloud processes. Genera
tion of lightning and properties oflightning
discharges.

5461.· PHYSICS AND CHEMISTRY OF THE
EARTH'S UPPER ATMOSPHERE. (4 cr; prereq
general physics and calculus)
Survey of atmosphere above 15 km; physics and chem
istry of the stratosphere, mesosphere, and thenno
sphere; temperature and density profiles; major and
minor constituents and their distributions; aspects of
pollutants; reactions and rates; global variation of
constituents; the energy budget ofthe atmosphere.

5551. TOPICS IN PHYSICS FOR BIOLOGY AND
MEDICINE: MECHANICS AND MOLECULAR
PHYSICS. (5 cr per qtr; prereq general physics and
calculus)
Statics (forces in bones and joints). Graphical analy
sis. Statistical physics (entropy, reversibility, Boltz
mann factor and Nernst equation, Brownian
movement, free energy). Diffusion, bulk flow and
osmosis.

5552. TOPICS IN PHYSICS FOR BIOLOGY AND
MEDICINE: ELECTRICITY AND SIGNALS. (5 cr
per qtr; prereq general physics and calculus)
Electricity and circuits (electrocardiogram, networks,
nerve conduction); transducers, amplifiers; feedback
and control; oscillators; signal analysis (Fourier anal
ysis, correlation functions, power spectra).

5553. TOPICS IN PHYSICS FOR BIOLOGY AND
MEDICINE: LIGHT, ATOMS, AND NUCLEI. (5 cr
per qtr; prereq general physics and calculus)
Atoms (dispersion, absorption, spectra, polarized
light). X-rays (production, absorption, dosimetry). Nu
clei (nuclear size, mass, decay).

5801.· MODERN OPTICS. (4 cr; prereq 5024 or #; 4
lect hrs per wk)
Modern theoretical and experimental optics, broadly
defined to include, for example, radio astronomy. Ma
trix methods in geometrical optics including charged
particle optics; optical detectors and noise; phenomena
in intense coherent radiation including nonlinear
effects.

113

---------------------- -



Course Descriptions

5805.· CONTEMPORARY OPTICs. (4 cr; prereq
#; 31eet and 1 prob hrs per wk)
Theory oflasers and their applications in holography,
nonlinear optics, etc. Nonlinear optics. Optics of an
isotropic media. Theory of image formation and spa
tial filtering. Properties ofoptical detectors.

5924.· HISTORY OF 19TH-CENTURY PHYSICS.
(4 cr, §HSci 5924; prereq general physics or #)
Conceptual developments in physics in 19th century
(Young, Fresnel, Oersted, Ampere, Faraday, MacCul
lagh, Maxwell, Hertz, Lorentz, Lavoisier, Rumford,
Dalton, Mayer, Joule, Helmholtz, Carnot, Clausius,
Kelvin, Boltzmann, Mach, others). Relationships of
these developments to social, philosophical, and theo
logical influences.

5925.· HISTORY OF 2OTH·CENTURY PHYSICS.
(4 cr, §HSci 5925; prereq general physics or #)
Conceptual developments in relativity (Michelson,
Lorentz, Poincare, Einstein, others), quantum me
chanics (Planck, Einstein, Rutherford, Bohr, Sommer
feld, Ehrenfest, Pauli, Millikan, Compton,
Heisenberg, de Broglie, Schriidinger, Born, others),
and nuclear physics (Chadwick, Gamow, Fermi, oth
ers). Relationships of these developments to social,
philosophical, and theological influences.

5950. SEMINAR. (Cr ar; primarily for sr physics ma
jors, L',)

5951·5952. PHYSICS FOR JUNIOR HIGH
SCHOOLTEACHERS. (5 cr per qtr [no cr for
physics grad students or minors in physicsl; prereq #)
Demonstration lectures and laboratory exercises on
physics topics taught in junior high school physical
science.

5970. DIRECTED STUDIES. (1-5 cr; prereq #, L',)
Independent, directed study in physics in areas ar
ranged by the student and a faculty member.

5990. DIRECTED RESEARCH. (Cr ar; prereq 3rd
yr,L',)
Problems, experimental or theoretical, of special in·
terest to students. Written reports.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8081-8082.· GENERAL RELATIVITY

8121.• ADVANCED QUANTUM MECHANICS

8122.· RELATIVISTIC QUANTUM
MECHANICS

8123.· RELATIVISTIC QUANTUM FIELD
THEORY

8131.· SYMMETRY AND ITS APPLICATIONS
TO PHYSICAL PROBLEMS

8161.· ATOMIC AND MOLECULAR
STRUCTURE

8163-8164.· PLASMA PHYSICS
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8165.• ADVANCED TOPICS IN PLASMA
PHYSICS

8200.· SEMINAR: SOLID·STATE AND LOW
TEMPERATURE PHYSICS

8211.· EQUILIBRIUM STATISTICAL
MECHANICS

8212.· TRANSPORT THEORY

8216.· MANY·BODY THEORY

8221-8222-8223.· SOLID·STATE PHYSICS

8232.· MAGNETISM

8233.· SUPERCONDUCTIVITY

8234.· TECHNIQUES OF LOW-TEMPERATURE
PHYSICS

8235.· LIQUID AND SOLID HELIUM

8238.· ADVANCED TOPICS IN SOLID·STATE
AND LOW·TEMPERATURE PHYSICS

8300.· SEMINAR: NUCLEAR PHYSICS

8311-8312-8313.· NUCLEAR PHYSICS

8321.· ADVANCED TOPICS IN NUCLEAR
PHYSICS

8360.· SEMINAR: MASS SPECTROSCOPY

8370.• SEMINAR: ELEMENTARY PARTICLE
PHYSICS

8372-8373.· ELEMENTARY PARTICLE
PHYSICS

8380.· ADVANCED TOPICS IN ELEMENTARY
PARTICLE PHYSICS

8381-8382-8383.· MODERN QUANTUM FIELD
THEORY AND ITS APPLICATIONS

8400.• SEMINAR: COSMIC RAY AND SPACE
PHYSICS

8411·8412.· COSMIC RAY AND SPACE
PHYSICS

8420.· SEMINAR: MAGNETOSPHERIC
PHYSICS

8421·8422.· SOLAR AND MAGNETOSPHERIC
PHYSICS

8440.· SEMINAR: ATMOSPHERIC PHYSICS

8445.· ADVANCED TOPICS IN ATMOSPHERIC
PHYSICS

8500. PLAN B PROJECT

8900.• SEMINAR: HISTORY OF 2OTH·CEN
TURY PHYSICS

8950.• SEMINAR: PROBLEMS OF PHYSICS
TEACHING AND HIGHER EDUCATION

8990.· RESEARCH IN PHYSICS



Statistics (Stat)
105lf.w,s. INTRODUCTION TO IDEAS OF
STATISTICS. (4 cr; prereq high school higher alge
bra)
Presentation and analysis ofdata. Probabilistic mod
els for inference. Inference and decision procedures.
Emphasis on concepts rather than computation.

309lf,w,s. INTRODUCTION TO PROBABILITY
AND STATISTICS. (4 cr, §5121, §5131; prereq dif
ferential and integral calculus; one section designated
primarily for IT majors)
Elementary probability and probability distributions,
sampling and elements of statistical inference. Treat
ment more mathematical than that in 1051.

502lf.w,s. STATISTICAL ANALYSIS 1. (5 cr; pre·
req college algebra or #)
Frequency distributions; descriptive statistics; ele
mentary probability; binomial, Poisson, and normal
distribution; estimation and testing; analysis ofvari
ance; multiple comparisons; linear regression.

5022f,w,s. STATISTICAL ANALYSIS II. (5 cr; pre
req 5021 or #)
(Continuation of5021) Multiple regression and corre·
lation; multiway analysis of variance, variance com
ponents, covariance; elementary principles ofdesign;
basic nonparametric methods.

5071. STATISTICAL APPLICATION OF MA
TRIX ALGEBRA. (3 cr; prereq 5021, ~Math 3142 or
#)
Specific matrix operations with vector realizations,
presuming no prior knOWledge. Uses in analysis of
variance and multivariate methods. Correlation
structures, characteristic vectors, quadratic forms.

5101. INTRODUCTION TO DECISION THE
ORY. (4 cr; prereq Econ 5111 or Math 1142 or 1211 or
#)
Elements ofprobability; basic concepts in statistical
decision theory; relationship to game theory and other
types ofdecision problems; prediction and inference.

512lf-5122w. THEORY OF STATISTICS. (4 cr per
qtr, §5131-5132-5133; prereqMath 1231 or 1331 or
1621)
Univariate and multivariate distributions, law of
large numbers, sampling, likelihood methods, estima
tion and hypothesis testing, regression and analysis of
variance and covariance, confidence intervals, distri
bution-free methods.

513lf-5132w-5133s. THEORY OF STATISTICS. (4
cr per qtr, §5121-5122; prereq Math 3411 or 3211)
5131: Probability models, univariate and bivariate
distributions, independence, basic limit theorems.
5132-5133: Statistical decision theory, sampling, esti
mation, testing hypotheses, parametric and nonpara
metric procedures for one-sample and two-sample
problems, regression, analysis ofvariance. Treatment
more mathematical than that in 5121-5122.

Statistics

5134-5135-5136f,w,s. TOPICS IN THEORETICAL
STATISTICS. (1 cr per qtr; prereq ~5131, ~5132,

~5133)

5134: History ofstatistics. Original works in statis
tics, from 17th century to present.
5135: Distributions in statistics. Practice in solving
problems.
5136: Theories of inference. Classical inference,
Bayesian inference, decision theory, and other ap
proaches.

5161-5162-5163f.w,s. APPLIED STATISTICAL
METHODS. (4 cr per qtr, §5201, §5301, §5302, §5421;
prereq ~5022or ~5131, admission to graduate study in
statistics or #)
5161: Sampling methodology. Estimation from sample
surveys. Simple and multiple regression. Use ofstatis
tical packages.
5162: Advanced topics in linear regression. Nonlinear
models. Generalized linear models. Categorical data
analysis. Logistic regression.
5163: Variance reduction designs for experiments.
Factorial, fractional, and confounded designs. Opti
mal designs. Analysis of covariance. Unbalanced data
analysis.

5201w. SAMPLING METHODOLOGY IN
FINITE POPULATIONS. (4 cr; prereq 5021 or 5121
or 3091 or #)
Simple random, systematic, stratified, and unequal
probability sampling. Ratio and regression estima
tion. Multistage and cluster sampling.

5211. THEORY OF SAMPLE SURVEYS. (4 cr;
prereq 5122 or 5133)
Mathematical treatment ofsurvey sampling includ
ing stratified and multistage sampling, models for
nonsampling errors.

5271-5272. BAYESIAN DECISION MAKING. (4 cr
per qtr, §Econ 5271-5272; prereq ~5122or %132 for
5271...5122 or 5132, Econ 1002 for 5272...5271 recom
mended for 5272)
5271: Axioms for personal probability and utility. Ele
ments of statistical decision theory. Bayesian analysis
of linear models.
5272: Expected utility models for economic decisions
made under conditions ofuncertainty. Applications to
portfolio selection, forward and future trading, bet
ting, contingency markets, business planning.

530lf,s. DESIGNING EXPERIMENTS. (4 cr; pre
req 5022 or 5122 or 5133 or #)
Control ofvariation, construction, and analysis of
complete and incomplete block, split plot, factorial,
and other groups of similar experiments. Confound
ing, crossover, and optimum seeking designs.

5302f,8. APPLIED REGRESSION ANALYSIS. (4
cr; prereq 5022 or 5122 or 5133 or #)
Simple, multiple, and polynomial regression. Estima
tion, testing, and prediction. Stepwise and other nu
merical methods; residuals; weighted least squares;
nonlinear models; response surface. Experimental re
search and economic applications.
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Course Descriptions

5401s. INTRODUCTION TO MULTIVARIATE
METHODS. (4 cr; prereq 5071, 5022 or 5122 or #)
Bivariate and multivariate distributions. Inference
based on multivariate normal distributions. Discrimi
nation and classification. Multivariate analysis of
variance. Partial, canonical correlation and indepen
dence. Principal component analysis, factor analysis,
analysis of repeated measurements, cluster analysis,
profile analysis.

5421. ANALYSIS OF CATEGORICAL DATA. (4
cr; prereq 5022 or 5122 or 5133 or #)
Varieties ofcategorical data, cross-classifications and
contingency tables, tests for independence. Multidi
men sional tables and log linear models, maximum
likelihood estimation, and tests ofgoodness offit.
Analysis of Markov chain data. Smoothing counts.

5601w. NONPARAMETRIC METHODS. (4cr;
prereq 5022 or 5122 or #)
Necessary discrete and continuous probability distri
butions. Goodness offit, sign tests, order statistics,
rank tests for location and for scale, two-sample and k
sample comparisons, association. Methods and
applications.

5890. SENIOR PAPER. (2 cr; prereq sr statistics
major; satisfies sr project requirement)
Directed study. Paper on specialized area, consulting
project, or original computer program.

5900. TUTORIAL COURSE. (Cr ar; prereq #)
Areas not covered by regular offerings. Directed
study.

5911,5912,5913. TOPICS IN STATISTICS. (3 cr
per qtr [may be repeated for cr with 6]; prereq 5122 or
5133,#)
Topics vary.

For Graduate Students Only
(For descriptions, see Graduate School Bulletin)

8151-8152·8153. MATHEMATICAL STATISTICS

8161-8162-8163. APPLIED STATISTICAL
METHODS

8171·8172-8173. THEORY OF INFERENCE

8191-8192. LARGE-SAMPLE THEORY

8311-8312. LINEAR MODELS AND EXPERI·
MENTAL DESIGN

8321. LINEAR AND NONLINEAR REGRES
SION

8331. STATISTICAL COMPUTING

8411-8412. MULTIVARIATE ANALYSIS

8431. THEORY OF CATEGORICAL DATA
ANALYSIS

8501-8502. INTRODUCTION TO STOCHASTIC
PROCESSES WITH APPLICATIONS
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8511-8512. TIME SERIES ANALYSIS

8611-8612. NONPARAMETRIC INFERENCE

8731-8732. STATISTICAL DECISION THEORY

8751-8752. SEQUENTIAL ANALYSIS

8801. STATISTICAL CONSULTING

8900. SEMINAR IN STATISTICAL
LITERATURE

8931-8932·8933-8934. ADVANCED TOPICS IN
STATISTICS
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Associate Professor
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Chemistry
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Stephen Prager
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Associate Professor
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Tom Livinghouse
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Marian Stankovich

Civil and Mineral Engineering
Professor
Charles Fairhurst, head, Eugene

P. Pfleider Professor ofRock Mechanics
and Mining Engineering
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Steven L. Crouch, associate head and di-
rector ofgraduate studies
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Associate Professor
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undergraduate studies
William E. Seyfried

Administration and Faculty
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Administration and Faculty
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