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PURPOSE
The purpose of the College of Engi-

neering and Applied Sciences is to pro-

vide students with a range of educa-
tional opportunities by which they may
achieve competence in the major
branches of engineering, in computer
science, and construction. Consider-
able effort is spent on the development
and delivery of well-rounded programs
that enhance student preparation for
professional careers, lifelong learning,

and responsible participation as a mem-

ber of society.
For more information, visit the

college’s Web site at www.eas.asu.edu.

ORGANIZATION

The College of Engineering and Ap-
plied Sciences is composed of the fol-
lowing academic and service units:

Del E. Webb School of Construction
School of Engineering

Department of Chemical, Bio,
and Materials Engineering

Department of Civil and
Environmental Engineering

Department of Computer Science
and Engineering

Department of Electrical
Engineering

Department of Industrial and
Management Systems
Engineering

Department of Mechanical and
Aerospace Engineering

Research Centers.The college is
committed to the development of re-
search programs of national promi-

This research is carried out in the de-
partments and schools listed above and
in the following interdisciplinary re-
search centers:

Center for Innovation in Engineering
Education

Center for Low Power Electronics

Center for Research in Engineering
and Applied Sciences

Center for Solid-State Electronics
Research

Manufacturing Institute

Center for System Science and
Engineering Research

Telecommunications Research
Center

Center for Professional Develop-
ment. The Center for Professional De-
velopment, often in cooperation with
the college’s academic units and re-
search centers, provides a variety of
technical conferences, seminars, short
courses, and televised and satellite-
transmitted programs to enable engi-
neers, scientists, and managers to con-
tinue the life-long learning that is so
necessary in a constantly changing
world.

Programs may be conducted on cam-
pus, at various off-campus locations, or
at company sites upon request. For
more information, contact the Center
for Professional Development, located
in EC G148, at 602/965-1740, by e-
mail at asu.cpd@asu.edu, or visit the
center's Web site at www.eas.asu.edu/
cpd.

ADMISSION

Individuals wishing to be admitted
to freshman standing in the College of

nence and to the concept that researchEngineering and Applied Sciences

is an important part of its educational

role. The college encourages the par-
ticipation of both qualified undergradu-
ate students and graduate students in

should have completed certain second-
ary-school units. These units are identi-
fied in the requirements for each of the
two schools in the college. If these

various research activities. Most of theconditions are not met, additional uni-

faculty are involved in government or
industry-sponsored research programs
in a wide variety of topics. A partial

versity course work, possibly unaccept-
able for degree credit, may be required.
Students who are not admissible to

list of these topics includes aerodynamprograms in this college and who enroll

ics, biotechnology, computer design,
computer-integrated manufacturing, en
vironmental fluid dynamics, innovative
engineering education, microelectron-
ics manufacturing, power systems,
semiconductor materials and devices,
signal processing, solar energy, solid-
state electronic devices, structural dy-
namics, telecommunications, thermo-
sciences, and transportation systems.

in another college at ASU may not reg-
ister for any 300- or 400-level courses
in this college unless they are required
in their degree programs and the stu-
dents have the proper course prerequi-
sites.

Entrance requirements of this col-
lege may differ from those of other
ASU academic units. Students may be
admitted under one of two different



COLLEGE OF ENGINEERING AND APPLIED SCIENCES 185

classifications, professional or prepro- completing a minimum of 30 semester lege from another institution, whether a
fessional. hours of required or approved elective community college or four-year institu-
courseswith a cumulative GPA equiva- tion, should carefully study the catalog

Professional Status.For admission to
professional statysArizona residents
must meet one of the requirements as
listed in the table, “Professional Status
Requirements for Residents,” and a
nonresident must meet one of the re-
quirements as listed in the table, “Pro-
fessional Status Requirements for Non
residents” on this page. In addition, an
international student must satisfy mini-
mum TOEFL score requirements as
shown in the table.

Students admitted to the university
after successful completion of the Gen-
eral Education Development (GED)  Readmission. Students applying for
examination are admitted as preprofes-readmission to professional status for

students may apply for admission to
professional statudnternational stu-
dents must also submiffT®EFL score
equivalent to that required for admis-
sion to professional statygefer to the

are not permitted to register for 300-

their status is changed to the profes-
sional classification.

sional students within their major. Pro-any program in this college must have
fessional status is attained by meeting cumulative GPA for all college course

the minimum ACT or SAT score re-
quired for admission as listed in the
table, “Professional Status Require-
ments.”

work equal to that of the transfer ad-
mission requirements shown in the
table, “Professional Status Require-

. 186.
Preprofessional Status.A student not

admissible to professional status withinTransfer into and within the College.

and 400-level courses in the College of
Engineering and Applied Sciences untilmission of resident, nonresident, and

ments for Transfer Students,” on page

lent to that required of transfer studentsmaterial pertaining to the particular
and corresponding to the chosen majorprogram and consult an advisor in this

college before enrolling in the other in-
stitution. These steps assure a smooth
transition at the time of transfer. Trans-
fer students may request admission to
either preprofessional or professional

‘table below) Preprofessional students status in any of the programs offered by

this college.
The minimum requirements for ad-

international transfer students to the
professional program are listed in the
table, “Professional Status Require-
ments for Transfer Students,” on this

age. The academic units may impose

dditional admission and graduation re-
quirements beyond the minimum speci-
fied by the college.

Credit is granted for transferred
courses deemed equivalent to corre-
sponding courses in the selected pro-
gram of study, subject to grade and
ASU resident credit requirements. No

the college but otherwise regularly ad- Students transferring between academigrades lower than “C” are accepted as

missible to ASU as stated on page 60, programs within the college or from
“Undergraduate Admission,” may be other colleges within the university

transfer credit to meet the graduation
requirements of this college. Credits

admitted as areprofessionastudent to must meet both the cumulative GPA redransferred from a community college
any one of the academic programs of quirement and the catalog requirement®r two-year institution are applied only

the college. International students
whose TOEFL scores do not meet the time of transfer. Students who are
required minimum shown in the tables transferring from an Arizona commu-

of the desired program in effect at the as lower-division credits. Prospective

Arizona community college transfer
students should consult their advisors

below may also be admitted to prepro- nity college and have been in continu- and refer to the annuétizona Higher

fessional status. A student admitted
into this classification follows the
freshman-sophomore sequence of
courses as required by the chosen ma-

jor. Courses are selected with the assig. @nsfer Students. A student who
tance of an academic advisor. After

trance into the community college.

Professional Status Requirements for Residents

Minimum Scores

School High School Rank ACT SAT
Construction Upper 25% 23
Engineering Upper 25% 23

Professional Status Requirements for Nonresidents

Minimum Scores

School High School Rank ACT SAT TOEFL*
Construction Upper 25% 24 1140 550
Engineering Upper 25% 24 1140 550

* For international students (see page 64).

contemplates transferring into this col-

ous residence may continue under the Education Course Equivalency Guide
catalog in effect at the time of their en- (CEG)for a listing of the acceptable

courses transferable to the various col-
lege degree programs.

It should be noted that some courses
taken in other colleges of this univer-
sity or other universities may be accept-
able for general university credit but
may not be acceptable toward the de-
gree requirements of this college. De-
termination of those particular courses
acceptable to a specific degree program
is made within the appropriate aca-

1140 demic unit with the approval of the
1140dean.

Cooperative Education. The co-op
program is a work-study plan of educa-
tion that alternates periods of academic
study with periods of employment in
business, industry, or government. Stu-
dents who choose this program ideally
complete 12 months of employment
and graduate with both the academic
background and practical experience
gained from working with professionals
in a chosen field.
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Professional Status Requirements for Transfer Students (M.S.E.) degree; and a Ph.D. degree in
Engineering or Computer Science. The
Transfer GPA faculty in the Department of Industrial
and Management Engineering also par-
School Resident Nonresident TOEFL ticipate with the American Graduate
School of International Management
Construction 2.25 2.50 550 (Thunderbird) to offer the Master of
Engineering 2.50 2.50 550 Science in Engineering (Industrial En-

gineering)/Master of International
1 The cumulative GPA is calculated using all credits from ASU as well as those from othitanagement of Technology.

colleges and universities. For more information on courses,
2 For international students (see page 64). faculty, and programs, see tGeadu-
ate Catalog

A student in the college is eligible to DEGREES
apply to the co-op program upon com- The faculty in the College of Engi- DEGREE REQUIREMENTS

letion of 45 or more hours of classes . . - . .
Pequired for the selected major. Transhc" N9 and Applied Sciences offer For detailed information on the de-
fer students are required to complete af°9'ams leading to the B.S. and B.S.Egree requirements of a major in the
least one semester at ASU before be- 0c9rees with majors in the subjects — College of Engineering and Applied
ginning work. All student applicants shown in the “College of Engineering  Sciences, refer to that department’s or
) and Applied Sciences Degrees, Majorsschool’s individual description on the
must have a GPA of at least 2.50 and dc trations” tabl 187 ;
the approval of an advisor and Concentrations” table, pages 13/—following pages.
o - ) 188. Each major is administered by the
To maintain continuous student sta-

. . . i it indi UNIVERSITY GRADUATION
tus in the university, each co-op studen?cadem'c unit indicated. REQUIREMENTS
must be enrolled in ASE 399 Coopera- Integrated B.S.E.—M.S. Program. »
tive Work Experience for one semester To provide greater program flexibility, ! @ddition to department and school

hour during each work session. Such qualified students of the School of En- "€quirements, students must meet all
credit cannot be applied toward degreegineering may undertake a program ~ University graduation requirements (see
requirements. For more information, with an integrated fourth- and fifth-year Pages 79-83). A well-planned program
contact the director of Student Aca-  sequence of study in one of several of study enables students to meet all re-
demic Services at 602/965-1750 fields of specialization in engineering. duirements in a timely fashion. Stu-
(EC G102) or the Career Services of- This program provides an opportunity dents are encouraged to consult with an
fice at 602/965-2350 (SSV C359).  to meet the increasing demands of the @cademic advisor in planning a pro-
profession for graduates who can begirfram to ensure that they comply with

ADVISING their engineering careers at an ad- all necessary requirements.
For assistance and counselingin ~ vanced level. _ General Studies Requirement
planning a program of study, each stu-  Students admitted to this program All students enrolled in a baccalaure-

dent in this college is assigned a facultyare assigned a faculty committee that e gegree program must satisfy a uni-
advisor who is familiar with the chosen Supervises a program of study in whichyesity requirement of a minimum of
field of specialization and who must be there is a progression in the course 35 hoyrs of approved course work in
consulted before registering each se- Work and in which earlier work is given General Studies, as described on pages
mester. The student should inform the application in the later engineering  g4_g87. General Studies courses are
advisor of any outside work or activity courses for both the bachelor's and  |isted on pages 87-108 in tBeneral
so that course loads may be adjusted Master's degrees. Entry into the inte- cata)0g,in the course descriptions, in
accordingly. grated program requires an application the Schedule of Classeand in the

Most students attending college find submitted to the dean through the fac- g;;mmer Sessions BulletiNote that
it necessary to obtain part-time employUlty advisor and the department chair. g three General Studies awareness ar-
ment; consequently, it is suggested thaf\Pplications are reviewed by a school g are required. Consult your advisor
a careful balance of work and class re- committee that recommends the approtor an approved list of courses.
quirements be considered in order to  Priate action to the dean. The applica-

avoid academic problems. tion may be submitted in the fifth se-  First-Year Composition

Students enrolled in this college maymester. Requirement _
register for a maximum of 19 semester As a minimum, completion of ENG
hours each semester. Any student =~ GRADUATE PROGRAMS 101 and 102, or ENG 107 and 108, or
wanting to register for more than the The faculty in the College of Engi- NG 105 with grades of “C” or higher
maximum must petition the CEAS neering and Applied Sciences offera 'S required for graduation from ASU in

Standards Committee and must have amaster of Computer Science (M.C.S.) &Ny baccalaureate program. See “First-
approval on file before registering for degree; a Master of Science (M.S.) de- Y €ar Composition Requirement,” page
the overload. gree with majors in Computer Science, /9 Any student whose written or spo-

Construction, and Engineering Science![‘en Englizh in any cdogrsiis unsatisfac-
a Master of Science in Engineering 'Y May be required by the appropriate
director or department chair to take ad-

ditional course work.
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College of Engineering and Applied Sciences
Degrees, Majors, and Concentrations

Major Degree

Administered by

Baccalaureate Degrees

Del E. Webb School of Construction

Constructiof B.S.
Options: general building construction, heavy
construction, residential construction,
specialty construction

School of Engineering

Aerospace Engineering B.S.E.

Emphases: aerodynamics, aerospace materials,
aerospace structures, computer methods, design,
mechanical, propulsion, system dynamics
and control

Bioengineering B.S.E.
Emphases: biochemical engineering, bioelectrical
engineering, biomaterials engineering, biomechanical
engineering, biomedical imaging engineering,
biosystems engineering, molecular and cellular
bioengineering, premedical engineering

Chemical Engineerifg B.S.E.
Emphases: biochemical, biomedical, environmental,
materials, premedical, process engineering,
semiconductor processing

Civil Engineering B.S.E.
Option: environmental engineering

Computer Science B.S.

Computer Systems Engineering B.S.E.

Electrical Engineering B.S.E.

Engineering Interdisciplinary Studfes B.S.

Engineering Special Studfes B.S.E.
Options:

manufacturing engineering
premedical engineering

Industrial Engineering B.S.E.

Materials Science and Engineering B.S.E.
Emphases: biomaterials, ceramic materials,
energy systems, integrated circuit materials,
manufacturing and materials processing,
mechanical metallurgy, metallic materials
systems, polymers and composites

Mechanical Engineering B.S.E.

Emphases: aerospace; biomechanical; computer
methods; control and dynamic systems; design;
energy systems; engineering mechanics;
manufacturing; stress analysis, failure
prevention, and materials; thermosciences

Del E. Webb School of Construction

Department of Mechanical and Aerospace
Engineering

Department of Chemical, Bio, and
Materials Engineering

Department of Chemical, Bio, and
Materials Engineering

Department of Civil and Environmental
Engineering

Department of Computer Science and
Engineering

Department of Computer Science and
Engineering

Department of Electrical Engineering

School of Engineering

School of Engineering
Department of Industrial and Management
Systems Engineering
Department of Industrial and Management
Systems Engineering
Department of Chemical, Bio, and
Materials Engineering

Department of Mechanical and Aerospace
Engineering

1 This major requires more than 120 semester hours to complete.
2 Applications for this program are not being accepted at this time.
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Major Degree Administered by

Graduate Degrees

Del E. Webb School of Construction

Construction M.S. Del E. Webb School of Construction
Concentrations: construction science,
facilities, management

School of Engineering

Aerospace Engineering M.S., M.SE., Department of Mechanical and Aerospace
Ph.D. Engineering
Bioengineering M.S., Ph.D. Department of Chemical, Bio, and
Materials Engineering
Chemical Engineering M.S., M.S.E,, Department of Chemical, Bio, and
Concentrations: biomedical and clinical Ph.D. Materials Engineering

engineering, chemical process engineering,
chemical reactor engineering, energy and
materials conversion, environmental control,
solid-state processing, transport phenomena
Civil Engineering M.S., M.SE., Department of Civil and Environmental
Concentrations: environmental/sanitary, Ph.D. Engineering
geotechnical/soil mechanics, structures,
transportation, water resources/hydraulics

Computer Science M.C.S., M.S,, Department of Computer Science and
Ph.D. Engineering

Electrical Engineering M.S., M.S.E,, Department of Electrical Engineering
Ph.D.

Engineering Science M.S., M.S.E., School of Engineering
Ph.D.

Industrial Engineering M.S., M.S.E., Department of Industrial and Management
Ph.D. Systems Engineering

Mechanical Engineering M.S., M.S.E,, Department of Mechanical and Aerospace
Ph.D. Engineering

Science and Engineering of Materials PR.D. Committee on the Science and Engineering

Concentrations: high-resolution nanostructure of Materials

analysis, solid-state device materials design

1 This major requires more than 120 semester hours to complete.
2 Applications for this program are not being accepted at this time.
3 This program is administered by the Graduate College. See “Graduate College,” pages 282-292.

COLLEGE DEGREE proval of their advisors. A student whowishes to enroll. Courses completed
REQUIREMENTS is not in good academic standing must within the five years preceding admis-
secure approval from his or her advisorsion are judged as to their applicability
and the college’s Student Academic  to the student’s curriculum.

: : : : Services. Students whose grades in
Engineering and Applied Sciences do 2
not receive degree credit for pass/fail S00-1€vel courses are unsatisfactory MAJOR REQUIREMENTS
courses taken at this institution. In ad- MaY be required to retake one or more  For detailed information on the de-
dition, no course in this college is of- coUrses for which credit has previously gree requirements of a major in the
fered for pass/fail credit. Students re- °€€n granted. College of Engineering and Applied
questing credit for pass/fail courses The departments and schools have sciences, refer to that department’s or
taken at another institution must file a Certain additional requirements that  schools individual description on the
Petition for Adjustment to Curriculum MUsSt be met in addition to the above  following pages.

Requirements. Each request is judged °llege requirements and students

on its particular merits. should consult them for details. ACADEMIC STANDARDS

Course Work Currency Retention. A student is expected to
Courses taken more than five years make satisfactory progress toward

before admission to degree programs ifompletion of degree requirements in

this college are not normally accepted order to continue enrollment in the Col-

for transfer credit at the option of the  lege of Engineering and Applied Sci-

department in which the applicant ences. Any one of the following condi-

Pass/Fail Grades
Students enrolled in the College of

Entry into Upper-Division
Courses

Before enrolling in courses at the
300 level and above, students must be
in good academic standing in profes-
sional program status and have the ap-
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tions is considered unsatisfactory prog-of ability to do satisfactory college in Electrical Engineering and Industrial
ress and results in the student being  work in the chosen discipline is re- and Management Systems Engineering.
placed on probationary status: quired, for example, completing at least Foundation Coalition programs offer

1. asemester or summer session with12 Semester hours of pertinent coursesstudents a more hands-on, team-based,
in the discipline at a community collegecomputer-intensive approach to the cur-
with higher than average grades, and ariculum. The freshman programs pro-
cumulative GPA of 2.50 or higher for  vide an important opportunity for new

a GPA less than or equal to 1.50;

2. two successive semesters with
GPAs less than 2.00; or

° all courses completed. students to get to know a small group
3. an ASU cumulative GPA less than of students, making a large university
2.00. STUDENT RESPONSIBILITIES seem less o\/erwhe|ming_ The pro-

Students on probation are subject to Course Prerequisites Students should 9rams also involve more interactions
disqualification if (1) they do not attain consult theSchedule of Classemd the  With faculty and access to special tu-
a semester GPA of 2.25; (2) their cu- catalog for course prerequisites. Stu- tors. All students will getateam-
mulative GPA is below 2.00 at the end dents who register for courses without Pased, computer-intensive education in
of the probationary semester; or (3)  the designated prerequisites may be ECE 100, Introduction to Engineering
they are placed on probation for two  withdrawn without the student's con-  Design, but the Foundation Coalition
consecutive semesters. sent at any time before the final exami-Program extends this experience to

Courses completed during the sum- nation. Such withdrawal may be initi- Many more subjects and courses.
mer sessions may not be used to reevahted by the instructor, the chair of the ~ Freshmen Foundation Coalition pro-
uate a student’s fall semester probationdepartment offering the course, the di- 9rams offer both an integrated set of
ary status. rector of Student Academic Services, oFOUrses wh_lch include engineering, cal-

Students on academic probation are the dean of the college. In such cases,Culus, physics, and English in both the
not allowed to register for more than 13students will not receive monetary re- first and second semesters, and smaller
semester hours of course work. Proba-imbursement. However, such with-  integration packages that include engi-
tionary students may not register for thedrawal is considered to be unrestricted "€€ring and English. In these pack-
next semester without a special permit as described on page 73 and does not 23es, the same set of students take all
from an advisor in Student Academic  count against the number of restricted Of the courses in the package in high-

Services. Special permits are not givenwithdrawals allowed. tech, team-promoting classrooms while
until grades are recorded by the regis- the faculty work together to deliver a
trar for the current semester. SPECIAL PROGRAMS unified set of courses. Sophomore pro-
. e . grams presently involve courses in
Disqualification. During a semester  pqoundation Coalition. ASU is a mathematics, mechanics, and electrical

on academic probation, a student who memper of the Foundation Coalition, a circuits.

fails to meet the retention standards  National Science Foundation-funded Students interested in these programs
specified above is disqualified. Stu- — group of seven institutions of higher  should see their department advisor or
dents may request a review of their dis-jearing across the U.S. that is workinginquire in the office of the Center for

qualification status by contacting the {4 improve engineering education. Innovation in Engineering Education in
associate director of Student Academic oyndation Coalition programs are in- room EC G205 or call 602/965-5350,
Services in EC G102. Any disqualified tended to or visit our Web site at www.eas.asu.
student who is accepted by another col- . edul asufc.

lege at ASU may not register for 1. dem_onstrgte and promote the inter- o . .

courses in this college unless the relationships of subject matter Minority Engineering Program. The
courses are required for the new major. ~ Within the curriculum; staff of the Minority Engineering Pro-

Disqualified students who do register 2. improve the interpersonal skills of gram (MEP) is available to assist the
for courses in this college may be with-  students and the understanding of academic and professional develop-
drawn from these courses any time dur- ~ concepts through the use of more ment of prospective, newly admitted,

ing that semester. Furthermore, stu- teaming and cooperative learning and continuing students through a vari-
dents at the university who have been environments; e_ty of su_pport_ser\(lces. In add_ltlon, ad-
disqualified academically by this col- 3. increase the use of technology in Vice on financial aid, scholarships, and
lege are not eligible to enroll in sum- the curriculum; and (I\eﬂrggoyf?]enlt IS pr%V]dEd- Vlélétr(];e307
mer session courses in this college untily  a5sess and evaluate intended im- office located in room

the disqualification period has expired provements. or call 602/965-8275, or visit our Web

and they have been reinstated. _ site at www.eas.asu.edomep.
Such changes address the desires of

Reinstatement. The College of Engi-  employers, increase the numbers of ~Women in Applied Sciences and En-
neering and Applied Sciences does notbaccalaureate degrees earned by memgdin€ering Program. The Women in
accept an application for reinstatement bers of currently underrepresented ~ Applied Sciences and Engineering

until the disqualified student has re-  groups, and promote curriculum im-  (WISE) Program hosts seminars and
mained out of this college for at least a provement. Foundation Coalition im- Workshops, and provides outreach pro-
12-month period. Merely having re-  provements are presently available to 9rams to high school and community
mained in a disqualified status for this all freshmen and sophomores except college students. WISE offers a profes-
period of time does not, in itself, con- those in Chemical, Bio, and Materials Sional development course, STE 194
stitute a basis for reinstatement. Proof Engineering, and to juniors and seniorsEngineering for Undecided, to acquaint
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students with a variety of technical ca-
reers. The WISE Center, located in
room EC G214, is open for study
groups, tutoring, and informal discus-
sions. The phone number is 602/965—
6882. The Web address is www.eas.
asu.eduiwise.

ences to academically superior under-
graduate students. Participating stu-
dents can major in any academic pro-
gram. A description of the require-
ments and the opportunities offered by
the University Honors College can be
found on pages 293—-295.

DeaN, CoLLEGE OF ARTS AND
SCIENCES

C.W. Post Campus

LoNG IsLAND UNIVERSITY

BrookviLLE NY 11548

OFrice oF THE DEAN
COLLEGE OF ENGINEERING AND

APPLIED SCIENCES
ARIZONA STATE UNIVERSITY
PO Box 875506
Tempe AZ 85287-5506

Student Academic ServicesThe
dean’s office of the College of Engi-

Scholarships. Information and appli-
cations for academic scholarships for
neering and Applied Sciences main- continuing students may be obtained by
tains a special office staffed to assist contacting the college’s Student Aca-
students in various matters. This officedemic Services or the various depart-
coordinates the work of the College  ment or school offices. Other scholar-
Admissions and Standards Committee ships may be available through the
and administers the probation, disquali-university Student Financial Assistance
fication, and readmission processes forOffice.

students who are academically defi-
cient.

ROTC Students. Students pursuing a

commission through either the Air

Force or Army ROTC programs are re-

quired to take from 12 to 20 hours in

the Department of Aerospace Studies

ASU 3+2 Programs. Students desiring 0r Department of Military Science. To

to earn a baccalaureate degree from preclude excessive overloads, these stu-

Academic Honors. Students complet- Grand Canyon University (Phoenix, ~ dents should plan on at least one addi-

ing baccalaureate degree requirementsArizona) in Mathematics, Chemistry, tional semester to complete degree re-

receive the appropriate honors designaConstruction, or Physics or from South-duirements. Because of accreditation

tions on their diplomas consistent with western University (Georgetown, requirements, aerospace studies (AES)

the requirements specified by the uni- Texas) in Physical Science and a bacc#r military science (MIS) courses are

versity. laureate degree in one of the engineer-not acceptable for degree credit in engi-
Students in the College of Engineer- ing majors or the Construction major  heering as social and behavioral sci-

ing and Applied Sciences are encour- from ASU can take advantage of a 3+2€nce or humanities and fine arts under

aged to seek information concerning  program approved by these institutions General Studies. ROTC students must

entry into those honor societies for  Such students complete the first three also meet all other degree requirements

which they may qualify. Membership years of study at their respective col-  Of this college.

in such organizations enhances the stulege or university and the last two years

dent’s professional stature. The follow-of study at ASU. At the end of the GENERAL INFORMATION

ing honor societies are active within thefourth or fifth year, assuming all degreeDefinition of Terms. The terms used

college: requirements have been met, the baccan this college to describe offerings are
Alpha Pi Mu—Industrial laureate degree is awarded by the  defined below for purposes of clarity.

Engineering Honor Society sFudent’s respective_college_or un_iver- Program of Study This broad term de-
Chi Epsilon—Civil Engineering sity and the appropriate engineering or gcribes the complete array of courses
Honor Society construction baccalaureate degree is  jycluded in the study leading to a de-

Eta K Nu— Electrical awarded by ASU. gree.
a Kappa Nu—Electrical imi i i
E PPe H Societ A similar 3+2 program is available Major. This term describes a special-
ngineering Honor society to qualified students from Long Island . - s
. . . - . ized group of courses contained within
Pi Tau Sigma—Mechanical University/C.W. Post Campus, College th fstudy. E le:
Engineering Honor Society of Arts and Sciences, who wish to earn ¢ Program ot study. =xample: pro-
] ’ gram of study—engineering; major—
Sigma Gamma Tau—Aerospace

both a B.S. degree from C.W. Postin Z.°. > .
Engineering Honor Society Mathematics or Physics and a BachelorcwII Engineering.
Sigma Lambda Chi—Construction

of Science in Engineering degree from Aréa of Emphasis (Technical Elec-
h Societ ASU in Civil, Chemical, Electrical, In- tives), Option, or ConcentrationEach
T OB”Otr PO_C'eNy fonal Enai ) dustrial, or Mechanical Engineering of these terms describes a selection of
au beta Fi—National Engineering . ; o4 1y Courses within a major or among one or
Honor Society More information can be obtained by J g
Upsilon Pi Epsilon—National

writing to one of the following offices; = More majors. The number of technical
electives varies from curriculum to cur-

Computer Science Honor Society
Information on any of these organi-

riculum. In a number of the majors, the
technical electives must be chosen from
zations may be obtained from the re-
spective department or school offices.

OFFICE OF THE ADMINISTRATIVE
VIce PRESIDENT

GRAND CANYON UNIVERSITY

3300 W CamELBACK RD

PHoeNix AZ 85017-1097

ProvosT AND DEAN OF THE BROWN
COLLEGE OF ARTS AND SCIENCES

SOUTHWESTERN UNIVERSITY

GEORGETOWN TX 78626

preselected groups. For this reason the
choice of specific technical electives

for an area of emphasis should be done
with the advice and counsel of an advi-
sor. Example: major—Mechanical En-
gineering; area of emphasis—thermo-
sciences.

University Honors College. The Col-
lege of Engineering and Applied Sci-
ences participates in the programs of
the University Honors College, which
provides enhanced educational experi-
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Each option is arranged to accent  ships are awarded on the basis of aca-
requisite technical skills and to developdemic achievement and participation in
management, leadership, and competi-activities of the construction program.
tive qualities in the student. Prescribed
are a combination of General Studies, ADMISSION
technical courses basic to engineering  See pages 59-78, 184-185, and 188—
and construction, and a broad range of 189 for information regarding require-
applied management subjects funda- ments for admission, transfer, retention,
mental to the business of construction qualification, and reinstatement. A
contracting. preprofessional category is available
Master of Science (M.S.) Degree. for applicants deficient in regular ad-

The Del E. Webb School of Construc- mission requirements. Vocational and

tion also offers the M.S. degree in Con-Craft-oriented courses taught at the
struction. Additional details for this ~ community colleges are not accepted

degree are found in ti@raduate Cata- for credit t_oward a bachelor’s degree in
log. Construction.

Professional Accreditation and Affili- BASIC REQUIREMENTS

ations. The Del E. Webb School of Students complete the following ba-

Construction is @ member of the Asso- sj¢ requirements before registering for

ciated Schools of Construction, an or- agyanced courses: (1) all first-semester,
ganization dedicated to the develop-  first-year courses and the university
PURPOSE . fir n _

ment and advancement of construction Fjrsi-year Composition requirement

Construction careers are so broadly education. The construction program igsee page 79) must be completed by the
diversified that no single curriculum accredited by the American Council for jme the student has accumulated 48 se-
prepares the student for universal entryConstruction Education (ACCE). mester hours of program requirements,
into all fields. As an example, heavy - irst-
construction contractors usually place SPECIAL PROGRAMS 22&&)5&;213565 gg%gﬁquézr’bgrfﬁg ?izrir:e
more emphasis on technical and engi- The Del E. Webb School of Construc- the student has completed 64 semester
neering science skills than do residen- tion maintains a cooperative agreementhours of program requirements. Trans-
tial contractors/developers, who usuallywith community colleges within Ari-  fer students are given a one-semester
prefer a greater depth of knowledge in zona and also with selected out-of-statevaiver.
management and construction. To en-colleges and universities to structure  Any student not making satisfactory
sure a balanced understanding of the courses that are directly transferable  progress is permitted to register for
technical, professional, and philosophi-into the construction program at ASU. only those courses required to correct
cal standards that distinguish modern- any deficiencies.
day constructors, advisory groups rep- ASU 3+2 Program. The Del E. Webb
resenting leading associations of School of Construction also participategye GREE REQUIREMENTS

contractors and builders provide coun- in the ASU 3+2 program with Grand .
sel in curriculum develop?nent. Con- Canyon University and Southwestern A minimum of 128 semester hours

struction has a common core of engi- University. See page 190 for details. With at least 50 hours at the upper-divi-

. . sion level is required for graduation in
neering science, management, and sy, dent Organizations. The school  the general building construction,
behavioral courses on which students 55 5 chapter of Sigma Lambda Chi heavy construction, residential con-
may build defined options to suit indi- (SLC), a national honor saciety that

. . struction, and specialty construction
vidual backgrounds, aptitudes, and ob- recognizes high academic achievemenigptions. Students in all options are re-

s, These oplons e 11 sl e oo ogras v o it  onstion cor
C The school is also host to the Associ- of science-based engineering, construc-
the construction industry. ated General Contractors of America tion, and management courses.
DEGREES (AGC) student chapter, the National
Association of Home Builders (NAHB) GRADUATION REQUIREMENTS
Bachelor of Science (B.S.) Degree.  student chapter, and the National Asso-
The faculty in the Del E. Webb School cjation of Women in Construction

of Construction offer the B.S. degree in(NAWIC) student chapter. _majct)rrl reunwem?gtts,dma]ors n_1ust sai-
Construction. Four options are avail- isfy the General Studies requirements

able: general building, heavy construc- Scholarships. Apart from those given s noted on pages 84-87 and all univer-

tion, residential construction, and spe- bY the university, a number of scholar- sity graduation requirements as noted

cialty construction. ships from the construction industry areon pages 79-83. Note that all three
awarded to students registered in the General Studies awareness areas are re-

construction program. The scholar-  quired. Consult your advisor for an ap-
proved list of courses.

SCHEXNAYDER

In addition to fulfilling school and

NOTE: For the General Studies requirement, codes (such as L1, N3, C, and H), and courses, see pages 84-108. For graduation requirements,
see pages 79-83. For omnibus courses offered but not listed in this catalog, see pages 56-57.
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SCHOOL COURSE CEE 450 Soil Mechanics in Second Semester
REQUIREMENTS Construction .........ccccoeeeveunnn. 3 ECE 100 Introduction to Engineering
) CON 221 Applied Engineering DesignN3 ......ccccccvevveeneen 4
The school requires that the General Mechanics: Statics ................. 3ECN 112 Microeconomic
Studies requirement be satisfied in the CON 243 Heavy Construction PrinciplesSB...........ccccu.......
following manner: Equipment, Methods, and ENG 102 First-Year Composition
N ‘ (VT CIE TR 3PHY 112 General Physi1/S3

Humanities and Fine Arts/ CON 251 Microcomputer Applications ~ PHY 114 General Physics
Social and Behavioral Sciences for Construction ..................... 3 LaboratoryS1/SZ ................ 1
CON 101 Construction and CON 252 Building Construction HU €IECHVE ......evevvieeceeceeee e 3

Culture: A Built Methods, Materials, -

EnvironmenHU, G, H........ 3 and EQUIPMENt ......veoreeereeenn. 3Total .......................................................... 17
ECN 111 Macroeconomic CON 273 Electrical Construction Third Semester

PrinciplesSB ... 3 Fundamentals....................... 3

CON 221 Applied Engineering

ECN 112 Microeconomic CON 323 Strength of Materials ............. 3 ST
PrNCIDIESSB ...ccc.orcrr 2 CON 341 SUNBYING.ome " 3coN 243 pechanics: SIUCS ... 3
HU, SB, and awareness area CON 345 Mechanical Systems 3 E eavy otnTv'rut(r:] |(3jn d
courses as needed .................. @ON 371 Construction Management Mqal:é?,irggn » Miethods, an 3
- and Safety ... 3 PN T
TOtal coeeeiceeee e 15CON 383 Construction Estimating ....... 3CON 251 f(l;/lrlggcr:]cs)?rwlf);itgrr]Appl|cat|ons 5
Literacy and Critical Inquiry CON 389 Construction Cost STP 226 Elementsof
COM 225 Public Speakingl................ 3 Accounting and StatisticsN? 3
ECE 400 Engineering ControlN3 ........ccooeiiirins 3 i : P
Communications2 .............. 3 CON 424 Structural Design ........cccccue.... 3BaSIC science elective With 1ab ........... B 4
or ETC 400 Technical CON 453 Construction Labor TOtAl oo 16
Communication&.2 (3) Management .............coceeeiene 3
— CON 463 Foundations ..........c.cccccereunn. grourth Semester _
TOMl o ®ON 495 Construction Planning ACC 394 SE Financial A?aWS'S
i and Schedulin{3................ 3 and Accounting for
gﬁt\t(”a'lff'eg:,ferm Physi&1/S3 3 CON 496 Construction Contract Small BUSINESSES ................... 3
Administrationl2 .......oovviii.. 3 COM 225 Public Speakingl............... 3

PHY 112 General Physi&1/S2

PHY 113 General Physics ECE 100 Introduction to CON 252 Building Construction
LaboratoryS1/S2 ................. 1 Engineering Desigh3 ........ 4 Methods, Materials,

PHY 114 General Physics LES 306 Business Law ?:pON 273 aEnId Ifquul)ncﬁ:ent.t """ tom 3

Science elective with lab ..................... ectrical Lonstruction

LaboratorySl/S§ ................... E - Fundamentals ...

Natural SCIeNces total .......oovvveveerrerreenn. gotal common to all options ..................... 71CON 323 Strength of Materials

Numeracy Advisor-approved alternates/transfer Total............c.cocoererrecneeniesneeseens 15

MAT 270 Calculus with Analytic credits for these courses may vary from
Geometry INI ........cccooen..... 4 the total required semester hours indi- 1 ggih PHY 111 and 113 must be taken to

STP 226 Elements of Statistibi2........3  cated. Such variances do not reduce  secure S1 or S2 credit.
}he minimum of 128 semester hours re2 goth PHY 112 and 114 must be taken to

Total .., ; L
General Studies/school requirements quired for the degree. . secure S1 or S2 credit.
ORI e 36.  The course work for the first two o
years is the same for the general build-Option in General
1 Both PHY 111 and 113 must be taken to "9 heavy, residential, and speciality Building Construction

construction options. The general building construction

secure S1 or S2 credit. . : -
option provides a foundation for stu-

2 Both PHY 112 and 114 must be taken to First Semester ;
secure S1 or S2 credit. CON 101 Construction and qlents who W!Sh to pursue Caregrs as es-
3 Because of the school’s requirement for Culture: A Built timators, project managers, project en-
MAT 270, the total semester hours exceed EnvironmentU, G, H.......... 3 gineers, and, eventually, owners of
the General Studies requirement of 35. ECN 111 Macroeconomic firms engaged in the construction of
PrinciplesSB........cccccevae.. 3 residential, commercial, and institu-
Construction Major Requirements ENG 101 First-Year Composition ......... 3tional structures. Educational focus is
Common to All Options MAT 270 Calculus with Analytic on building systems required for the
(Except as Noted) oY 111 %eometl%'r']\‘l;é-l-/-éé ---------- 4 mass development and production of
ACC 394 ST: Financial Analysis PHY 113 nggg Phillz:cs o Iarge-sca]e prOJectS. General bu.lldlng
and Accounting for LaboratoryS1/S3 ... construction is addressed as an inte-
Small BUSINESSES ......voeveve. 3 = grated process from conception through
CEE 310 Testing of Materials Total.. 18elivery of completed facilities to us-
for Construction ..................... 3 ers.

CEE 340 Hydraulics and Hydrology .... 3

NOTE: For the General Studies requirement, codes (such as L1, N3, C, and H), and courses, see pages 84-108. For graduation requirements,
see pages 79-83. For omnibus courses offered but not listed in this catalog, see pages 56-57.



Requirements
CON 472 Development Feasibility

ReportsL2 .......occcvvveeeeinnnns 3
CON 483 Advanced Building

Estimating .......cccoevveeviieeeinen. 3
PUP 432 Planning and Development

Control Law ........ccoeceeevineene 3

or PUP 433 Zoning
Ordinances, Subdivision
Regulations, and Building
Codes (3)
REA 394 Real Estate Fundamentals
Upper-Division Technical Elective ............ 3
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Requirements
CON 455 Construction Office

Methods ......ccceveeeviiiiiiieeeeee

CON 468 Mechanical and
Electrical Estimating
Upper-division technical electives

CONSTRUCTION (CON)
CON 101 Construction and Culture: A Built

Fnvironment. B)F, S

An analysis of the cultural context of construc-
on, emphasizing its centrality in the evolution

i
TOtl e ind expansion of built environments as ex-

Option in Heavy Construction
The heavy construction option pre-

pressions of ethical and historical value sys-
tems. Lecture, speakers, field trips. General
Studies: HU, G, H.

pares students for careers related to theon 221 Applied Engineering Mechanics:

public works discipline. Typical proj-
ects in which they are involved are
highways, railroads, airports, power
plants, rapid transit systems, process
plants, harbor and waterfront facilities,
pipelines, dams, tunnels, bridges, ca-
nals, sewerage and water works, and
mass earthwork.

Requirements

CON 344 Route Surveying

CON 486 Heavy Construction
Estimating ...........

Upper-division technical elective ............... 9

Option in Residential
Construction
The residential construction option

.................... 3

Statics. (3)F, S

Vectors, forces and moments, force systems,
equilibrium, analysis of basic structures and
structural components, friction, centroids, and
moments of inertia. Prerequisites: MAT 270;
PHY 111, 113.

CON 243 Heavy Construction Equipment,
Methods, and Materials. (3) F, S

Emphasis on “Horizontal” construction. Fleet
operations, maintenance programs, methods,
and procedures to construct tunnels, roads,
dams, and the excavation of buildings. Lab,
field trips.

CON 251 Microcomputer Applications for
Construction. (3)F, S
Applications of the microcomputer as a prob-
m-solving tool for the constructor. Use of
Spreadsheets, information management, and
multimedia software. Prerequisite: ECE 100.
CON 252 Building Construction Methods,
Materials, and Equipment. (3) F, S
Emphasis on “Vertical” construction. Methods,

prepares students for careers in the reshaterials, codes, and equipment used in

dential sector of the industry. This op-
tion covers the specific methods and
processes during the planning, produc-
tion, marketing and business-related a
tivities, common to residential con-
struction.

Requirements
CON 377 Residential Construction
Production Procedures........... 3

CON 477 Residential Construction
Business Practices ................

MKT 300 Principles of Marketing 3

PUP 432 Planning and Development
Control Law ........ccovvviveninennns 3
or PUP 433 Zoning
Ordinances, Subdivision
Regulations, and Building
Codes (3)

INEEINSKIP ..eeeeiieie e

TOtAl .o

Option in Specialty Construction

The specialty construction option
prepares students for careers with spe-
cialty constructors, such as mechanical
and electrical construction firms. It

building construction corresponding to the 16
division “Master Format.” Lecture, lab.

CON 273 Electrical Construction Funda-
mentals. (3)F, S

CCircuits and machinery. Power transmission

and distribution, with emphasis on secondary
distribution systems. Measurements and in-
strumentation. Lecture, field trips. Prerequi-
sites: MAT 270 or equivalent; PHY 112, 114.

CON 323 Strength of Materials. (3) F, S
Analysis of strength and rigidity of structural
members in resisting applied forces. Stress,

3strain, shear, moment, deflections, combined

stresses, connections, and moment distribu-
tion. Both US and Sl units of measurement.
Prerequisite: CON 221.

CON 341 Surveying. (3)F, S

Theory and field work in construction and land
surveys. Lecture, lab. Prerequisite: MAT 170.

CON 344 Route Surveying. (3) S
imple, compound, and transition curves, in-
luding reconnaissance, preliminary, and loca-
jon surveys. Calculation of earthwork. Dimen-
sional control for construction projects. Lec-
ture, lab. Prerequisites: CON 243, 341.
CON 345 Mechanical Systems. (3) F, S
Design parameters and equipment related to
heating and cooling systems for mechanical
construction. Computer-aided calculations.
Lecture, field trips. Prerequisites: CON 252;

emphasizes the construction process afHY 111, 113.

the subcontractor level.

CON 371 Construction Management and
Safety. 3)F, S

3 Organization and management theory applied

to the construction process. Leadership func-

3 tions. Safety procedures and equipment.

OSHA requirement for construction. Prerequi-
site: junior standing.

150N 377 Residential Construction Produc-

tion Procedures. (3) F

The process used in residential construction.
How a house is built: design, permits, sched-
uling, codes, contracting, site management,
mechanical/electrical. Prerequisite: CON 252.

CON 383 Construction Estimating. (3) F, S
Drawings and specifications. Methods and
techniques used in construction estimating
procedures. Introduction to computer software
used in industry. Lecture, project workshops.
Prerequisites: CON 243 and 251 and 252 and
273 and Construction major or instructor ap-
proval.

CON 389 Construction Cost Accounting

and Control. (3)F, S

Nature of construction cost. Depreciation and
tax theory and variable equipment costs. Cash
flow theory, investment models, profitability,
and analysis. Computer applications. Funding
sources and arrangements. Builder’s insur-
ance. Prerequisites: ACC 394 ST: Survey of
Accounting; CON 251. General Studies: N3.

CON 424 Structural Design. (3) F, S
Economic use of concrete, steel, and wood in
building and engineered structures. Design of
beams, columns, concrete formwork, and con-
nections. Lecture, field trips. Prerequisite:
CEE 310.

CON 453 Construction Labor Management.
3)F, s

Labor and management history, union, and
open shop organization of building and con-
struction workers; applicable laws and govern-
ment regulations; goals, economic power, ju-
risdictional disputes, and grievance proce-
dures. Lecture, lab. Prerequisites: CON 371;
ECN 112.

CON 455 Construction Office Methods.  (3)
F, S

Administrative systems and procedures for the
construction company office, including meth-
ods improvement and work simplification,
policy and procedures. Pre- or corequisite:
CON 389.

CON 463 Foundations. (3)F, S

Subsurface construction theory and practice
for description, excavations, exploration, foun-
dations, pavements, and slopes. Evaluation of
specifications and plans of work. Lecture, reci-
tation, field trips. Prerequisites: CEE 450;
CON 424.

CON 468 Mechanical and Electrical Esti-
mating. (3) F

Analysis and organization of performing a cost
estimate for both mechanical and electrical
construction projects. Computer usage. Pre-
requisites: CON 273 and 345 and 383 orin-
structor approval.

CON 472 Development Feasibility Reports.
3)F, s

Integration of economic location theory, devel-
opment cost data, market research data, and
financial analysis into a feasibility report. Com-
puter orientation. Prerequisite: REA 394 ST:
Real Estate Fundamentals. General Studies:
L2.
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CON 477 Residential Construction Busi-
ness Practices. (3)F, S

Topics addressed will include development,
marketing, financing, legal issues, and sales.
Prerequisite: CON 377 or instructor approval.

CON 483 Advanced Building Estimating.

3)s

Concepts of pricing and markup, development
of historic costs, life cycle costing, change or-
der and conceptual estimating, and emphasiz-
ing microcomputer methods. Prerequisite:
CON 383.

CON 486 Heavy Construction Estimating.

) F

Methods analysis and cost estimation for con-
struction of highways, bridges, tunnels, dams,
and other engineering works. Lecture, field
trips. Prerequisite: CON 383. Pre- or
corequisite: CON 344.

CON 495 Construction Planning and
Scheduling. (3)F, S

Various network methods of project schedul-
ing, such as AOA, AON Pert, bar-charting,
line-of-balance, and VPM techniques. Micro-
computers used for scheduling, resource allo-
cation, and time/cost analysis. Lecture, lab.
Prerequisites: CON 383; STP 226. Pre- or
corequisite: CON 389. General Studies: N3.
CON 496 Construction Contract Adminis-
tration. 3)F, S

Survey administrative procedures of general
and subcontractors. Study documentation,
claims, arbitration, litigation, bonding, insur-
ance, and indemnification. Discuss ethical
practices. Lecture, field trips. Prerequisites:
ECE 400 (or ETC 400); senior standing. Pre-
or corequisite: CON 371. General Studies: L2.

CON 533 Strategies of Estimating and Bid-
ding. ) F

Course will explore advanced concepts of the
estimating process, such as modeling and sta-
tistical analysis, to improve bid accuracies.
Prerequisite: CON 483 or 486 or instructor ap-
proval.

CON 540 Construction Productivity. (3) F
Productivity concepts. Data collection. Analy-
sis of productivity data and factors affecting
productivity. Means for improving production
and study of productivity improvement pro-
grams. Pre- or corequisite: CON 495.

CON 543 Construction Equipment Engi-
neering. (3) S

Analysis of heavy construction equipment pro-
ductivity using case studies. Applies engineer-
ing fundamentals to the planning, selection,
and utilization of equipment. Lecture, case
studies.

CON 545 Construction Project Manage-
ment. (3) S

Theory and practice of construction project
management. Roles of designer, owner, gen-
eral contractor, and construction manager.
Lecture, field trips. Pre- or corequisite: CON
495,

CON 547 Strategic Planning. (3) S

The business planning process of the con-
struction enterprise. Differences between pub-
licly held and closely held businesses and
their exposure.

CON 561 International Construction.  (3) S
An investigation of the cultural, social, eco-

nomic, political, and management issues re-
lated to construction in foreign countries and

The courses offered are designed to
meet the needs of the following stu-
dents:

remote regions. 1. those who wish to pursue a career
CON 577 Construction Systems Engineer- in engineering;
ing. (3)F !

2. those who wish to do graduate
work in engineering;

those who wish to have one or two
years of training in mathematics,
applied science, and engineering in
preparation for some other techni-
cal career;

those who desire pre-engineering
for the purpose of deciding which
program to undertake or those who
desire to transfer to another college
or university; and

those who wish to take certain elec-
tives in engineering while pursuing
another program in the university.

Systems theory as applied to the construction
process. Alternates for structuring information
flows and the control of projects. Prerequisite:

IEE 476 or equivalent. 3.

CON 589 Construction Company Financial

Control. (3) F

Financial accounting and cost control at the
company level in construction companies. Ac-
counting systems. Construction project profit
calculations. Financial analysis. Lecture, case 4.
studies.

School of Engineering

Daniel F. Jankowski
Director

(EC G104) 602/965-1726
ADMISSION

See pages 59-78, 184-185, and 188—
189 for information regarding require-
ments for admission, transfer, retention,
disqualification, and reinstatement.

Individuals who are beginning their
initial college work in the School of
Engineering should have completed
certain secondary school units in addi-
tion to the minimum university require-
ments. Four units are required in math-
ematics. A course with trigonometry
should be included. The laboratory sci-
ences chosen must include at least one
unit in physics and one unit in chemis-
try. Calculus, biology, and computer

PURPOSE

A large percentage of all engineering
degree holders are found in leadership
positions in a wide variety of industrial
settings. Although an education in en-
gineering is generally considered to be
one of the best technical educations, it
also provides an opportunity for the de-
velopment of many additional attri-
butes, including ethical and profes-
sional characteristics. In this era of
rapid technological change, an engi-
neering education serves our society

well as a truly liberal education. Soci- programming are recommended. Stu-
ety’s needs in the decades ahead call dents who do not meet the college’s

for engineering contr_lbutlons ona Scalesubject matter requirements may be re-
not previously experienced. The well-

being of our civilization as we know it quired to complete additional university

. .~ course work that may not apply toward
may depe_nd upon how effectively this an engineering degrge. On%po); more of
resource is developed.

Students studying engineering at the courses—CHM 113 General Chem-
ASU are expected to acquire a thor- istry, CSE 181 Applied Problem Solv-

h ing with BASIC, MAT 170 Precalcu-
ough understandllng of the fundamen- lus, and PHY 105 Basic Physics—may
tals of mathematics and the sciences ’

and their applications to the solution of be required to satisfy omissions or defi-

: - . : ciencies.
problems in the various engineering
fields. The program is designed to de- peGREES
velop a balance between science and
engineering and an understanding of The Bachelor of Science in Engi-
the economic and social consequencesheering (B.S.E.) degree consists of
of engineering activity. The goals in- three parts:
clude the promotion of the general wel-4 university requirements (e.g., Gen-
fare of the engineering profession. eral Studies, First-Year Composi-
tion);

NOTE: For the General Studies requirement, codes (such as L1, N3, C, and H), and courses, see pages 84-108. For graduation requirements,
see pages 79-83. For omnibus courses offered but not listed in this catalog, see pages 56-57.



2. an engineering core; and
3. amajor.

The courses identified for each of
these parts are intended to meet re-
quirements imposed by the university
and by the professional accrediting
agency, Accreditation Board for Engi-
neering and Technology, Inc. (ABET),
for programs in engineering.

The B.S. degree in Computer Sci-
ence consists of two parts:

1. university requirements (e.g., Gen-
eral Studies, First-Year Composi-
tion); and

2. amajor.

The courses identified for each of
these parts are intended to meet re-
quirements imposed by the university
and by the professional accrediting
agency, the Computer Science Accred
tation Board (CSAB), for programs in
computing science.

In addition to First-Year Composi-
tion, the university requires, under the
heading of General Studies, courses in
literacy and critical inquiry, humanities
and fine arts, social and behavioral sci-
ences, numeracy, and natural sciences
(see pages 84-87). There are also re-
quirements in historical awareness, glo
bal awareness, and cultural diversity in
the United States. ABET and CSAB
impose additional requirements, par-
ticularly in mathematics and the basic
sciences and in the courses for the ma
jor.

The engineering core is an organize
body of knowledge that serves as a
foundation to engineering and for fur-
ther specialized studies in a particular
engineering major.

The courses included in the engi-
neering core are taught in such a man-
ner that they serve as basic backgroun
material: (1) for all engineering stu-
dents who will be taking subsequent
work in the same and related subject a
eas; and (2) for those students who ma
not desire to pursue additional studies
in a particular subject area. Thus, sub-|
jects within the engineering core are
taught with an integrity and quality ap-
propriately relevant to the particular
discipline but always with an attitude
and concern for both engineering in
general and for the particular major(s).

The majors available are of two
types: (1) those associated with a par-
ticular department within the School of
Engineering (for example, Electrical
Engineering and Civil Engineering) and

dspent on the major.
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(2) those offered as options in Engi- The semester-by-semester selection
neering Special Studies (for example, of courses may vary from one field to
manufacturing engineering and pre-  another, particularly at the upper-divi-
medical engineering). With the excep- sion level, and is determined by the stu-
tion of the Computer Science major, alldent in consultation with a faculty advi-
curricula are extensions beyond the ensor. An example of a typical full-time
gineering core and cover a wide varietyfreshman schedule is shown below; de-
of subject areas within each field. pending on a particular student’s cir-
Some of the credits in the major are re-cumstances, many other examples are
served for the student’s use as an areapossible.

of emphasis. These credits are tradi-
tionally referred to atechnical elec-

tives.‘ ) First Semester
Majors and areas of emphasis are ofcHM 114 General Chemistry for

Typical Freshman Year

fered by the six departments: Chemical, EngineersS1/S2 .................. 4.
Bio, and Materials Engineering; Civil ECE 100 Introduction to Engineering
and Environmental Engineering; Com- DesignN3 ... 4
puter Science and Engineering; Electri-ECN 111 Macroeconomic

cal Engineering; Industrial and Man- E:Ilggmelsszl\')li&ééééﬁ&ﬁi&a
agement Systems Engineering; and PrinciplesSB(3)

Mechanical a}nd.Aeros.pace. Enginee.r- ENG 101
ing. The major in Engineering Special gng 102
Studies is administered by the Office ofwaT 270
the Dean. Engineering Special Studies

makes use of the general structure of MAT 271
the engineering curricula noted above

and provides students with an opportu-PHY
nity for study in engineering options PHY
not available in the traditional engi-
neering curricula at ASU.

The first two years of study are con-
cerned primarily with general education’otal
requirements, English proficiency, and
the engineering core. The final two
years of study are concerned with the
engineering core and the major, with a

First-Year Composition
First-Year Composition
Calculus with Analytic
Geometry INL ......ccceeeeennee 4
Calculus with Analytic
Geometry Il
University Physics I:
MechanicsS1/S2
University Physics
Laboratory IS1/S2
HU, SB, and awareness area course

191 DoMERY 1L
Lop LChAMIESS L SR

* Both PHY 121 and 122 must be taken to
secure S1 or S2 credit.

Well-prepared students who have no
outside commitments can usually
complete the program of study leading

considerable part of the time being

Under direction from regents’ professor John Spence (center), Uwe Weierstall (left)
and research assistant J.M. Zuo work on silicon surface reconstruction.
Tim Trumble photo
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to an undergraduate degree in engineer-
ing in four years (eight semesters at 16
semester hours per semester). Many
students, however, find it advantageous
or necessary to devote more than four
years to the undergraduate program by
pursuing, in any semester, fewer stud-
ies than are regularly prescribed. Where
omissions or deficiencies exist, e.g., in
chemistry, computer programming,
English, mathematics, and physics, the
student must complete more than the
minimum of 128 semester hours.
Therefore, in cases of inadequate sec-
ondary preparation, poor health, or
financial necessity requiring consider-

able time for outside work, the under- 3.

graduate program is extended beyond
four years.

DEGREE REQUIREMENTS

The degree programs in engineering
at ASU are intended to develop habits
of quantitative thought having equal
utility for both the practice of engineer-
ing and other professional fields. In re-
sponse to the opportunities provided by
changing technology, educational re-
search, and industrial input, possible
improvements of various aspects of
these programs are routinely consid-
ered. Itis the intent of the faculty that
all students be appropriately prepared
in the four areas described below.

1. Oral and written English.Commu-
nication skills are an essential com-
ponent of an engineering educa-
tion. All engineering students must
complete the university First-Year
Composition requirement (see page

79) and the literacy and critical in- 4.

quiry component (see page 85) of
the General Studies requirement,
which involves two courses beyond
First-Year Composition.

2. Selected nonengineering topics.
This area ensures that the engineer-
ing student acquires a satisfactory
level of basic knowledge in the hu-
manities and fine arts, social and
behavioral sciences, numeracy, and
the natural sciences. Courses in
these subjects give engineers an in-
creased awareness of their social
responsibilities, provide an under-
standing of related factors in the
decision-making process, and also

provide a foundation for the study COURSE REQUIREMENTS
of engineering. Required courses
go toward fulfilling the General
Studies requirement. Additional
courses in mathematics and the baFirst-Year Composition ............cc.cceecuene 3-6
sic sciences are selected to meet Gen.eral _Studies/SchooI Requirements ..... 58
ABET requirements. Englne_enng COTE .o e 15-19
Because of accreditation re- Ma%ct)]r (including arteafof em%hafsiﬁ) - 45-49
. . e requirements 1or each O e
quirements, aerospace studies majorsqoffered are described on
(AES) and military science (MIS) the following pages.
courses are not acceptable for en-
gineering degree credit in fulfilling  TO@I oo 128
the humanities and fine arts and
social and behavioral science por-
tions of the General Studies re-
quirement.

Selected engineering topichis
area involves courses in engineer-
ing science and engineering design.
The courses further develop the
foundation for the study of engi-
neering and provide the base for English for Foreign
specialized studies in a particular Students (6)

engineering discipline. The spe- Total T 6
cific courses are included in the en-~ " m—m—m—"”
gineering core and in the major.  General Studies/School Requirements
While some departmental choices Hymanities and Fine Arts/

are allowed, all students are re-  Social and Behavioral Sciences

quired to take ECE 100 Introduc- Engineering students may not use aerospace
tion to Engineering Design and studies (AES) or military science (MIS)

ECE 300 Intermediate Engineering courses to fulfill HU or SB requirements.
Design as part of the engineering ecn 111 Macroeconomic

core. These courses, together with PHNCIPIESSB ....vvoevveeeeeae. 3
other experiences in the engineer- or ECN 112 Microeco-

ing core and in the major, serve to nomic PrinciplesSB(3)

A summary of the degree require-
ments is as follows:

The specific course requirements for
the B.S. and B.S.E. degrees follow.

First-Year Composition

ENG 101, 102 First-Year

Composition ................. 6
or ENG 105

Advanced First-Year
Composition (3)

or ENG 107, 108

integrate the study of design, the HU course(s) .......cccceeevvicuriencnnne, 6 or 10
“process of devising a system, SB COUSE(S) .vvuviciiiiriici 7or3
component, or process to Meet de-Total .....................cccooovvvvecesoeervecreesrrrn. 16

sired needs” (ABET), throughout

the engineering curricula. Literacy and Critical Inquiry

i . ) o ECE 300 Intermediate Engineering
Specific engineering discipline. DesigNLL .....ccoovevevererrnnnnns 3
This area provides a depth of un- ECE 400 Engineering Communi-
derstanding of a more definitive CationsL2 .......cococerviinenns 3

body of knowledge that is appro- or approved department

priate for a specific engineering L2 course (3)

discipline. Courses build upon the Total..........oooveeeeeeeeeeeeeeeeeeeeeee 6
background provided by the earlier Natural Sciences/Basic Sciences
completed portions of the curricu- M 114 General Chemistry for

lum and include a major design ex- ENgineersS1/S2 ................ 4

perience as well as technical elec- or CHM 116 General

tives that may be selected by the ChemistryS1/S2(4)

student with the assistance of an PHY 121 University Physics I:

advisor. The Cata|og material for Meghani_c§1/82 .................... 3

the individual engineering majors 122 Ii’;)'ggts(')try Tgi’/ss'%s .

de_scrlbes specific departmental re- PHY 131 Universit&lPhysics "

quirements. Electricity and
MagnetismSl/S§ ................... 3

PHY 132 University Physics

Laboratory NS1/SZ ..., 1

NOTE: For the General Studies requirement, codes (such as L1, N3, C, and H), and courses, see pages 84-108. For graduation requirements,
see pages 79-83. For omnibus courses offered but not listed in this catalog, see pages 56-57.



Department basic science elective............... EE 463 Computer-Aided
- Manufacturing and
LE L 15 ContoINg (3)9
Numeracy/Mathematics . . . | -
ECE 100 Introduction to Engineering Engineering core minimum total ..............
DesignNs ... : GRADUATION REQUIREMENTS
MAT 270 Calculus with Analytic
Geometry INL ... 4 To qualify for graduation from the
MAT 271 Calculus with Analytic School of Engineering, a student must
GEOMEUY Il oo 4 have a minimum cumulative GPA of
MAT 272 galculus with Analytic 2.00 in addition to having a GPA of at
eometry I ....ooovvvvvviiiiiiiiinns . .
MAT 274 Elementary Differential I_east 2.00 for the courses in the major
EQUAtIONS .....ovoveveeeeeeeeeeien sfield.

Department mathematics elective

Total............. R R 2I\CCREDITATION
General Studies/school requirements .
tOtAl oo 58 The undergraduate programs in

Aerospace Engineering, Bioengineer-

1 Both PHY 121 and 122 must be taken to ing, _Chemical Engineering, Civil Engi-
secure S1 or S2 credit. neering, Computer Systems Engineer-

2 Both PHY 131 and 132 must be taken to ing, _EleCt.rical Enginegring, lanStri.al
secure S1 or S2 credit. Engineering, Mechanical Engineering,
and Engineering Special Studies are a
credited by the Engineering Accredita-
tion Commission of the Accreditation

Engineering Core
A minimum of five of the following eight
courses are required, totaling 15 to 19 se-

mester hours. Courses selected are subject .
to departmental approval. See department INC. (ABET), 111 Market Place, Suite
requirements. 1050, Baltimore, MD 21202-4012,

410/347-7700. The Bachelor of Sci-

ECE 210 sEtthig;eermg Mechanics I: ence program in Computer Science is
ECE 301 Electrical Networks I............. accredl_ted_ by the Co_mputer Science
ECE 312 Engineering Mechanics II: Accredltatlon CommlSSIOn (CSA.C) .Of
DYNAMICS evvvveoreeeveeeesereeens 3 the Computing Sciences Accreditation
ECE 313 Introduction to Board (CSAB).
Deformable Solids
ECE 334 Electronic Devices and ANALYSIS AND SYSTEMS (ASE)
Instrumentation ...................... 4 ) )
ECE 340 Thermodynamics .................. 3ASE 100 College Adjustment and Survival.
2 F, s
or CHM 441 Ge_neral Exploration of career goals and majors. Em-
Physical Chemistry (3) phasis on organization and development of
or MSE 430 Thermo- study skills, including time management,
dynamics of Materials (3) stress management, and use of the library.
ECE 350 Structure and Properties ASE 399 Cooperative Work Experience. (1)

of Materials

or CHM 442 General

Physical Chemistry (3)

or ECE 351 Engineering

Materials (3)

or ECE 352 Properties of

Electronic Materials (4)
Choose from one of the microcomputer/

microprocessor courses below

BME 470 Microcomputer

Applications

in Bioengineering (4)
CHE 461 Process Contrdl3 (4)

Usually involves two six-month work periods
with industrial firms or government agencies
alternated with full-time semester and summer
sessions studies. Not open to students from
other colleges on campus. May be repeated
for credit. Prerequisites: at least 45 hours
completed in major area with minimum 2.50
GPA,; instructor approval.

3—hsE 485 Engineering Statistics. (3) F, S, SS
Designing statistical studies for solutions to
engineering problems. Methods include re-
gression, design and analysis of experiments,
and other statistical topics. Prerequisite: ECE

CSE/EEE 225 Assembly Language  380. General Studies: N2.
Programming and ASE 490 Project in Design and Develop-
Microprocessors ment. (2-3)F, S,SS .
(Motorola) (4) Individual project in creative design and syn-
thesis. Course may be repeated. Prerequisite:
CSE/EEE 226 Assembly Language

senior standing.

ASE 496 Professional Seminar. (0) F, S
Topics of interest to students in the engineer-
ing special and interdisciplinary studies.

Programming and
Microprocessors
(Intel) (4)
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ASE 500 Research Methods: Engineering
Statistics. (3) F, S, SS

Designing statistical studies for solutions to
engineering problems. Methods include re-

15gression, design and analysis of experiments,

and other statistical topics. Prerequisite: ECE
380.

ASE 582 Linear Algebra in Engineering.  (3)
F

Development and solution of systems of linear
algebraic equations. Applications from me-
chanical, structural, and electrical fields of en-
gineering. Prerequisite: MAT 242 or equiva-
lent.

ASE 586 Partial Differential Equations in
Engineering. (3) S

Development and solution of partial differential
equations in engineering. Applications in solid
mechanics, vibrations, and heat transfer. Pre-
requisites: ECE 386; MAT 242, 274.

ENGINEERING CORE (ECE)

ECE 100 Introduction to Engineering De-
sign. 4)F, S

Introduction to engineering design philosophy
and methodology: computer modeling of sys-
ems, processes, and components; design for
customer satisfaction, profitability, quality and
manufacturing; economic analysis; flow chart-

Board for Engineering and Techn0|ogy’ing; sketching CAD; and teaming. A term de-

sign project is included. Prerequisites: high
school computing and physics and algebra
courses or equivalents. General Studies: N3.

ECE 210 Engineering Mechanics I: Statics.
(3)F, S, SS

Force systems, resultants, equilibrium, distrib-
uted forces, area moments, fluid statics, inter-
nal stresses, friction, energy criterion for equi-
librium, and stability. Lecture, recitation. Pre-
requisites: ECE 100; MAT 271 (or 291); PHY
121, 122.

ECE 300 Intermediate Engineering Design.
3)F, S, SS

Engineering design process concentrating on
increasing the student’s ability to prepare well-
written technical communication and to define
problems and generate and evaluate ideas.
Teaming skills enhanced. Prerequisites: ECE
100; ENG 102 (or 105 or 108); at least two
other engineering core courses. General Stud-
ies: L1.

ECE 301 Electrical Networks I.  (4) F, S, SS
Introduction to electrical networks. Component
models, transient, and steady-state analysis.
Lecture, lab. Prerequisite: ECE 100. Pre- or
corequisites: MAT 274; PHY 131, 132.

ECE 312 Engineering Mechanics Il: Dynam-
ics. 8)F, S, SS

Kinematics and kinetics of particles, translat-
ing and rotating coordinate systems, rigid
body kinematics, dynamics of systems of par-
ticles and rigid bodies, and energy and mo-
mentum principles. Lecture, recitation. Prereq-
uisites: ECE 210; MAT 274.

ECE 313 Introduction to Deformable Sol-

ids. ) F, S, SS

Equilibrium, strain-displacement relations, and
stress-strain-temperature relations. Applica-
tions to force transmission and deformations
in axial, torsional, and bending of bars. Com-
bined loadings. Lecture, recitation. Prerequi-
sites: ECE 210; MAT 274.
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ECE 314 Engineering Mechanics.
SS

Force systems, resultants, moments and equi-
librium. Kinematics and kinetics of particles,
systems of particles and rigid bodies. Energy
and momentum principles. Lecture, recitation.
Prerequisites: ECE 100; MAT 274; PHY 121,
122.

ECE 334 Electronic Devices and Instru-
mentation. (4) F, S, SS

Application of electric network theory to semi-
conductor circuits. Diodes/transistors/amplifi-
ers/opamps/digital logic gates, and electronic
instruments. Lecture, lab. Prerequisite: ECE
301.

ECE 340 Thermodynamics. (3) F, S, SS
Work, heat, and energy transformations and
relationships between properties; laws, con-
cepts, and modes of analysis common to all
applications of thermodynamics in engineer-
ing. Lecture, recitation. Prerequisites: CHM
114 (or 116); ECE 210; PHY 131. Pre- or co-
requisite: MAT 274.

ECE 350 Structure and Properties of Mate-
rials. (3)F, S, SS

Basic concepts of material structure and its re-
lation to properties. Application to engineering
problems. Prerequisites: CHM 114 (or 116);
PHY 121.

ECE 351 Engineering Materials. (3) F, S
Structure and behavior of civil engineering
materials. Laboratory investigations and test
criteria. Lecture, lab. Prerequisite: ECE 313.

ECE 352 Properties of Electronic Materials.
(4)F, S, ss

Schrodinger’s wave equation, potential barrier
problems, bonds of crystals, the band theory
of solids, semiconductors, superconductor di-
electric, and magnetic properties. Prerequi-
sites: MAT 274; PHY 241.

ECE 380 Probability and Statistics for En-
gineering Problem Solving. (3)F, S
Applications oriented course with computer-
based experience using statistical software for
formulating and solving engineering problems.
2 hours lecture, 2 hours lab. Prerequisite:
MAT 271. General Studies: N2.

ECE 384 Numerical Analysis for Engineers
.(2F, S

Numerical solution of algebraic and transcen-
dental equations and systems of linear equa-
tions. Numerical integration. Curve fitting. Er-
ror bounds and error propagation. Emphasis
on use of digital computer. Prerequisite: MAT
272 or 291.

ECE 385 Numerical Analysis for Engineers
II.(2) s

Continuation of ECE 384. Numerical solution
of partial differential equations and mixed
equation systems. Introduction to experimen-
tal design and optimization techniques. Pre-
requisite: ECE 384.

ECE 386 Partial Differential Equations for
Engineers. (2)F, S

Boundary value problems, separation of vari-
ables, and Fourier series as applied to initial-
boundary value problems. Prerequisite: MAT
274,

(4 F, S,

ECE 400 Engineering Communications.  (3)
F, S, SS

Planning and preparing engineering publica-
tions and oral presentations, based on di-
rected library research related to current engi-
neering topics. Prerequisites: ENG 102 (or
105 or 108); completion of General Studies L1
requirement (or ECE 300); senior standing in
an engineering major. General Studies: L2.

SOCIETY, VALUES,
AND TECHNOLOGY (STE)

STE 201 Introduction to Bioengineering.  (3)
F

Impact of bioengineering on society. Develop-
ing an awareness of the contributions of
bioengineering to solve medical and biological
problems. Cross-listed as BME 201. Prereg-
uisite: ENG 102 or 105 or 108. General Stud-
ies: L1.

STE 208 Patterns in Nature. (4)F, S
Project-oriented science course with computer
training to develop critical thinking, and techni-
cal skills for student-oriented science lessons
K-12. Lecture, lab. Cross-listed as PHS 208.
Prerequisite: college-level science course or
instructor approval. General Studies: S1/S2.

Department of
Chemical, Bio, and
Materials Engineering
Eric J. Guilbeau
Chair

(EC G202) 602/965-3313
www.eas.asu.eduktbme

The faculty in the Department of

practice in a wide variety of occupa-
tions including environmental control,
surface treatments, energy and materi-
als transformation, biomedical applica-
tions, fermentation, protein recovery,
extractive metallurgy, and separations.
In the environmental area, chemical en-
gineers develop methods to reduce the
pollution created in manufacturing pro-
cesses, devise techniques to recover us-
able materials from wastes, design
waste storage and treatment facilities,
and design pollution control strategies.

Bioengineering (synonyms: biomedi-
cal engineering or medical engineering)
is the discipline of engineering that ap-
plies principles and methods from engi-
neering, the life sciences, and the medi-
cal sciences to understand, define, and
solve problems in medicine, physiol-
ogy, and biology. Bioengineering stu-
dents typically pursue either a career in
the medical-device/biotechnology in-
dustry or a career in bioengineering,
medical or biotechnology research or
enter a postgraduate program in clinical
or veterinary medicine or dentistry. The
practicing bioengineer uses engineering
principles and technology to develop
instrumentation, biomaterials, diagnos-
tic and therapeutic devices, artificial or-
gans, and other equipment needed in
medicine and biology. They also dis-
cover new fundamental principles re-
garding the functioning and structure of
living systems.

Materials science and engineering

Chemical, Bio, and Materials Engineer-uses fundamental knowledge in chem-
ing offer the B.S. degree in three excit- istry and physics to correlate relation-
ing disciplines: chemical engineering, Ships between the structure and pro-
bioengineering, and materials science cessing of materials and their proper-
and engineering. Each of these majors ties. Students educated in this disci-
builds on a broad base of knowledge Ppline decide how to optimize existing
within the basic and mathematical sci- materials or how to develop new ad-
ences and the engineering core. Each vanced materials and processing tech-

offers excellent career opportunities.

nigues. Students who major in materi-

Chemical engineers design and operals science and engineering will find
ate processes that may include chemi- employment opportunities in a variety
cal change. They combine the scienceOf industries and research facilities

of chemistry with the discipline of en-

gineering in order to solve complex
problems in a wide variety of indus-

which include aerospace, electronics,
energy conversion, manufacturing,
medical devices, semiconductors, and

tries. Challenging job opportunities ex- transportation.

ist not only in the chemical and petro-

The following sections describe the

leum industries, but also in the plastics,curriculum requirements for the Bach-
electronics, computer, metals, space, €lor of Science in Engineering degree
food, drug, and health care industries. in each of these disciplines. Faculty

In these industries, chemical engineerswithin the department also participate

NOTE: For the General Studies requirement, codes (such as L1, N3, C, and H), and courses, see pages 84-108. For graduation requirements,
see pages 79-83. For omnibus courses offered but not listed in this catalog, see pages 56-57.
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in the Engineering Special Studies

program in premedical engineering  within the profession. However, the

which is described separately on page same broad body of knowledge is gen-MAT 271 Calculus with Analytic

238. erally expected of all chemical engi-

neers for maximum flexibility in indus-

CHEMICAL ENGINEERING—
B.S.E.

trial positions. The preparation for

laboratory experience.

chemical engineering is accomplished
by a blend of classroom instruction and

Subspecializations have developed MAT 270 Calculus with Analytic

Geometry INL ......cccceeeernnne 4
Geometry Il ....oeveeevviiiinieneennn, 4
MAT 272 Calculus with Analytic
Geometry Hl ....oeeveeeviiiiienennnn, 4
MAT 274 Elementary Differential
Equations .3

Total

General Studies/school requirements
PROFESSORS DEGREE REQUIREMENTS B0 s 59
BERMAN, CALE, GUILBEAU, A minimum of 128 semester hours is Engineering Core
KUESTER, RAUPP, SATER, ZWIEBEL necessary for the B.S.E. degree in CHE 342 Applied Chemical
ASSOCIATE PROFESSORS Chemical Engineering. A minimum of Thermodynamics ................... 4
BECKMAN, BELLAMY, BURROWS, 50 upper-division semester hours is re-ggg ggi g?_cgss CO””P'S """""""" 4
GARCIA, RIVERA, TORREST quired. Prin'cip?:ssewa on 4
ASSISTANT PROFESSOR The course work for the undergradu-gce 394 ST: Properties that Matter ..... 4
S. BEAUDOIN ate degree can be classified into the folece 394 ST: Engineering Systems ...... 4
lowing categories (in semester hours): —
LECTURER TOtAl oo 20
D. BEAUDOIN First-Year Composition )
ENG 101,102 First-Year Major _ _
Chemical engineers are generally Composition ............ 6 CHE 311 ;?gé’gsusci;'o” to Chemical 3
concerned with transfer within and be- girrst'_\‘g ;?5 Advanced . .o Transpor?ﬁh'e"h}}ﬁ%éﬁé'|'; """""
tween liquid, gas, and solid phases and c ition (3) FIUIS oo 3
the chemical changes that may also Ofén,\?gsibo?n g.08 CHE 332 Transport Phenomena Il
occur. They design and operate pro- English for F’meign Energy Transfer ..................... 3
cesses that accommodate such Students (6) CHE 333 Transport Phenomena IIl:
changes, including the chemical acti- - Mass Transfer ..o 3
vation of materials. Typically this in- Ol €HE 432 ;nfg;gg’e'?; ngCeZ?gr?]iCﬁ" 5
volves complex multicomponent sys-  General Studies/School Requirements S-S S
tems wherein the interactions between N , q _ g:E ﬁi 8Eem!cal Eea.‘:tor Design ...... 3
species have to be considered and andiumanities and Fine Arts/Social and ) bemlca ngineering
lyzed. The new challenge in chemical Sehavioral Sciences CHE 462 s S Srrma
: P c ECN 111 Macroeconomic rocess Design
engineering is to apply the principles PHNCIDIESSE ..o 3 CHM 332 General Organic
of fluid dynamics, mass transfer, solu- or ECN 112 Microeconomic Chemistry .............. RS 3
tion thermodynamics, reaction kinet- PrinciplesSB(3) ECE 380 Probability and Statistics
ics, and separation techniques to tech-sB, HU, and awareness area coutses.13 for Engineering Problem
nological endeavors such as pollution — SOMINGNZ ...ooovviiinns 3

control within manufacturing and the
environment, integrated circuit design, Literacy and Critical Inquiry
solid-state surface treatments, and ma€CHE 352 Transport Laboratorieg
terials processing. ECE 300 Intermediate Engineering
Consequently, in addition to the DesignL1
chemical and petroleum industries,
chemical engineers find challenging
opportunities in the plastics, solid-

Natural Sciences/Basic Sciences

state, electronics, computer, metals, CHm ﬂg ge“era: 8Eem?3gigg ------ Z‘
space, food, drug, and health care in- eneral LemMIStylise...... 4
P 9 CHM 331 General Organic

dustries, where they practice in a wide
variety of occupations, such as envi-
ronmental control, surface treatments,

Chemistry
General Organic
Chemistry Laboratory

M 335 oY e

energy and materials transformations, pHy 121 University Physics I:
biomedical applications, fermentation, MechanicsS1/S3 .................. 3
protein recovery, extractive metal- PHY 122 University Physics

lurgy, and separations. While a large LaboratorySl/S§ ...................
percentage of the industrial positions gty ...
are filled by graduates with bachelor’s

degrees, there are lucrative and cre- Numeracy/Mathematics

ative opportunities in research and de-ECE 100 Introduction to Engineering

velopment for those who acquire post- DesignN3 ............ o
graduate education. ECE 384 Numerical Analysis

for Engineers |

16CE 385 Numerical Analysis
for Engineers Il
Technical electives

é Engineering students may not use aero-
space studies (AES) or military science
(MIS) courses to fulfill HU or SB require-
ments. See page 195.

2 Both PHY 121 and 122 must be taken to
secure S1 or S2 credit.

Consult with your department aca-

1 demic advisor to ensure that all require-

ments are met.

The technical elective courses must
be selected from upper-division courses
with an advisor’s approval and must

1énclude the following: two three-semes-
ter-hour chemistry courses; a three-
semester-hour natural science or mate-
rials course; and a three-semester-hour
chemical engineering course.



200

To fulfill accreditation requirements AGB 426 Food Chemistry ..........c.cc.c..... 4CHM 442 General Physical
and to prepare adequately for the ad- CHE 475 Biochemical Engineering ...... 3 Chemistry .....ccocvevcveeeiiieennns
vanced chemistry courses, Chemical CHE 476 Bioreaction Engineering........ 3CHM 453 Inorganic Chemistry .....
Engineering majors are required to tak 477 Bioseparation Processes ........ EHM 471 Solid-State Chemistry
the CHM 113 and 116 introductory  Biomedical. Students who are inter-  Technical Electives
chemistry sequence (CHM 117 and 11&sted in biomedical engineering but ~ BME 318 Biomaterials..............c.c......... 3
are acceptable ;ubsntutes). Other wish to maintain a strong, broad chemi-CHE 458 Semiconductor Material
freshman chemistry courses a ac-  cal engineering base should select from Processing.................. s 3
ceptableand transfer students who the following: ECE 352 Properties of Electronic
have taken another chemistry course Materials .................. LRI 4
may be required to enroll in CHM 113 Chemistry Electives MSE 353 Introduction to Materials
and 116. CHM 361 Principles of Biochemistry .... 3 VSE 354 Fggs:rsi?]g%;f}g f/l)g:g:;sllss ------- 3

The faculty in the Department of  ZilL 4% 22008 SEREliamy == 3 Synthesis and Processing | ... 2
Chemical, Bio, and Materials Engineer- MSE 431 Corrosion and Corrosion
ing also offer graduate programs lead- Technical Electives (076121 o) INRTRRNNNNU 3
ing to the M.S.E., M.S., and Ph.D. de- BME 318 Biomaterials.............ccc.......... 3MSE 453 Experiments in Materials
grees. These programs provide a blendME 411 Biomedical Engineering I ...... 3 Synthesis and Processing Il ... 2
of classroom instruction and research. BME 412 Biomedical Engineering Il .... 3 MSE 454 Advanced Materials
A wide variety of topical and relevant BME 413 Biomedical Processing and Synthesis....... 3

Instrumentation.2 ............... 3 MSE 470 Polymers and Composites ..... 3

research projects are available for the- 4
sis topics. Students interested in these Premedical. Students planning to at-
programs should contact the depart-  Environmental. ASU does not offer a tend medical school should select
ment for up-to-date descriptive litera- B.S.E. degree in Environmental Engi- courses from those listed under the bio-
ture. neering, but students with this interest medical emphasis. In addition, BIO

are encouraged to pursue a B.S.E. de- 181, 182, and CHM 336 must be taken
gree in Chemical Engineering with this to satisfy medical-school requirements
area of emphasis. Students interested iBut are not counted toward the Chemi-
the management of hazardous wastes cal Engineering bachelor’s degree.

and air and water pollution should se-

BME 435 Physiology for Engineers ......

Chemical Engineering Areas
of Emphasis

Students who wish to specialize may
develop an area of interest through the

use of technical electives and selectivelect from the following: Process Engineering.The engineering
substitutions for required courses. Sub- core and required chemical engineering
stitutions must be approved by the ad- Chemistry Electives courses serve as a suitable background

visor and the Department Standards CHM 302 Environmental Chemistry ...... 3 for students intending to enter the tradi-
Committee and must be consistent withCHM 361 Principles of Biochemistry .... 3 tjonal petrochemical and chemical pro-

ABET accreditation criteria. No substi-CHM 461 General Biochemistry ............ 3 cess industries. Students can build on
tution of CHE 462 is allowed. The fol- CHM 481 Geochemistry...................... this background by selecting courses
lowing are possible elective areas of  Technical Electives with the approval of their advisor. Ex-
emphasis with suggested courses. A cgg 361 Introduction to amples of these courses are as follows:
student may choose electives within the Environmental Engineering ... 4

general department guidelines and doeSEE 362 Environmental Engineering ... 3Energy Conversion and Conservation
not have to select one of the areas ~ CEE 561 Physical-Chemical Treatment CHE 528 Process Optimization

listed. of Water and Waste ............... 3 Techniques ..., 3
CEE 563 Environmental Chemistry CHE 554 New Energy Technology....... 3

Biochemical. Students wishing to pre- Laboratory ........ocoeveevveeenen. 3 CHE 556 Separation Processes ...

pare for a career in biotechnology, fer- CHE 474 Chemical Engineering MAE 436 Combustion ................ s

mentation, food processing, pharma- Design for the Environment .. 3 MAE 437 Direct Energy Conversion

ceuticals, and other areas within bio- CHE 478 Industrial Water Quality Plant Administration and Management

; ; ; Engineering .......... . . .
chemical engineering should select CHE 479 Air Quality Control ... 3 CHE 479 Air Quality Control ............. 3

from the following: CHE 533 Transport Processes | '~ £HE 528 Process Optimization

) S T e R e T Techniques........ccccccvvieenienns 3
Chemistry Electives . _ Materials. Students interested inthe IEE 300 Economic Analysis for
CHM 361 Principles of Biochemistry .... 3 development and production of new ENGINEETS ...ccvevveveiveereereenenn, 3

CHM 461 General Biochemistry IEE 431 Engineering

3 materials such as alloys, ceramics,

CHM 462 General Biochemistry composites, polymers, semiconductors, AAMINISITALON - .vrvvvvvve 3

Technical Electives and superconductors should select fronsimulation, Control, and Design

AGB 423 Food and Industrial the following: CHE 494 Special TOPICS .......cccoeunenn. 1-4
Microbiology .............cocvuuee. 3 _ , CHE 527 Advanced Applied

AGB 424 Food and Industrial Chemistry Electives Mathematical Analysis
Fermentations ............c.ccceoeuee. 4CHM 441 General Physical in Chemical Engineering ....... 3

AGB 425 Food Safety 3 Chemistry .......ccccoveveeiiiiieennns 3

NOTE: For the General Studies requirement, codes (such as L1, N3, C, and H), and courses, see pages 84-108. For graduation requirements,
see pages 79-83. For omnibus courses offered but not listed in this catalog, see pages 56-57.
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Second Year
3First Semester
€HE 311 Introduction to Chemical
Processing
3ECE 380 Probability and Statistics
for Engineering
Problem SolvingN2

CHE 528 Process Optimization
Techniques
CHE 556 Separation Processes
CHE 563 Chemical Engineering
Design

Semiconductor Processing Students
who are |nterestled in the Qevelopment ECE 394 ST Gonservation
and manufacturing of semiconductor Principles
and other electronic devices should se-gcn 111 Macroeconomic

lect from the following: PrNCIPlESSB .....vveveeeeen. 3
Chemistry Elective or ECN 112 Microeconomic
Y . PrinciplesSB(3)
CHM 441 General Physical MAT 274 Elementary Differential
Chemistry .......cooooiininnnnss EQUAtIONS ..o
CHM 442 General Physical
Chemistry ....cccoeeveeeereeeenee, BTOtAl e
CHM 453 Inorganic Chemistry ..............
CHM 471 Solid-State Chemistry............. Second Semester
CHE 331 Transport Phenomena I:
Technical Electives FIUIS oo
CHE 458 Semiconductor Material ECE 384 Numerical Analysis
Processing ......ccccceevvevevreenenn. 3 for Engineers | ......ccccovevvneenn.
CHE 494 Special TOPICS ....c.cccveveneenes 1-4ECE 394 ST: Properties that Matter .....
ECE 352 Properties of Electronic MAT 272 Calculus with Analytic
Materials ........cccceeverrerierienannas 4 Geometry llI
EEE 435 Microelectronics 3HU or SB electiVe ........cooevvvvveeeeeeiiiireeeeen,
EEE 436 Fundamentals of Solid-State T -
h Ol e
Devices
EEE 439 Semiconductor Faci |_ties Third Year
and Cleanroom Practices ....... 3_.
MSE 353 Introduction to Materials First Semester
Processing and Synthesis....... €CHE 332 Transport Phenomena II:
MSE 354 Experiments in Materials Energy Transfer ...................
Synthesis and Processing | .... 2CHE 342 Applied Chemical
MSE 453 Experiments in Materials Thermodynamics ......... s
Synthesis and Processing Il ... 2CHM 331 General Organ!c Chem!stry
MSE 454 Advanced Materials CHM 335 General Organic Chemistry
Processing and Synthesis....... 3 LabOratory ......oooeevriesininnace.
MSE 472 Integrated Circuit Materials ~ ECE 300 Intermediate Engineering
SCIENCE c.vvveeeeevceeeere e DESIGNLL ..o 3
HU or SB elective .........cccvevverveenieiiceen,
Chemical Engineering TOtAl oo .
Program of Study
Typical Four-Year Sequence Second Semester
First Year CHE 333 Transport Phenomena llI:
Mass Transfer .........cocceeeuvenne.
First Semester CHE 352 Transport Laboratori¢? .....3
CHM 113 General Chemisti$1/S2.....4 CHE 432 Principles of Chemical

ECE 100 Introduction to Engineering Engineering Design

DesignN3 ..............cccveeeeee. b CHM 332 General Organic Chemistry ...
ENG 101 First-Year Composition ......... 3ECE 385 Numerical Analysis
MAT 270 Calculus with Analytic for Engineers Il

Geometry IN3 .......coceveenne 4 ECE 394 ST:Engineering Systems .....
TOtAl oo 1T0tAl e

Second Semester
CHM 116 General Chemistig1/S2.....
ENG 102 First-Year Composition
MAT 271 Calculus with Analytic
Geometry Il
PHY 121 University Physics I:
MechanicsS1/S2
PHY 122 University Physics
Laboratory IS1/S2

Fourth Year
First Semester
3 CHE 442 Chemical Reactor Design
4 CHE 451 Chemical Engineering
Laboratory
CHE 461 Process Contrdl3 ............... 4
HU, SB, and awareness area courses
Technical elective

Second Semester

CHE 462 Process Design
HU, SB, and awareness area courses

Technical elective ...........ccocceeiiiiieiiiieens 9
TOtaAl .o 15
Total degree requirements: ..................... 128

* Both PHY 121 and 122 must be taken to
secure S1 or S2 credit.

4 BIOENGINEERING—B.S.E.

PROFESSORS
GUILBEAU, TOWE

8 ASSOCIATE PROFESSORS

16 GARCIA, HE, PIZZICONI,
SWEENEY, YAMAGUCHI
ASSISTANT PROFESSOR

3 KIPKE

5 LECTURER

4 D. BEAUDOIN

Bioengineering (synonyms: biomedi-
-4cal engineering, medical engineering)
11s the discipline of engineering that ap-
plies principles and methods from engi-
neering, the physical sciences, the life
sciences, and the medical sciences to
understand, define, and solve problems
3in medicine, physiology, and biology.
Bioengineering bridges the engineer-
43ing, physical, life, and medical sci-
ences. More specifically, the bioen-

4 gineering program at ASU educates
engineering students to use engineering
principles and technology to develop

. 3nstrumentation, materials, diagnostic

nd therapeutic devices, artificial or-

gans, and other equipment needed in

medicine and biology and to discover

new fundamental principles regarding
3the functioning and structure of living
systems. The multidisciplinary ap-
proach to solving problems in medicine
and biology has evolved from ex-

3changes of information between spe-

o cialists in the concerned areas.

4 Because a depth of knowledge from
t least two diverse disciplines is re-
Eauired in the practice of bioengine-
ering, students desiring a career in
bioengineering should plan for ad-
qvanced study beyond the bachelor’s de-
gree. The Bioengineering major at
2 ASU is especially designed for students
desiring graduate study in bioengineer-
iBg, a career in the medical-device/bio-
3echnology industry, a career in bio-
14nedical research, a career in biotech-
nology research, or entry into a medical
3college.



202

Graduate degree programs in Bioen-PHY 132 University Physics

the program and to receive a baccalau-

gineering are offered at ASU at both Laboratory IS1/S% ............ 1 reate degree.

the master’s and doctoral levels. For 1ot ... .. 16

more information concerning these de- ) Bioengineering Areas

gree programs, consult t@raduate Numeracy/Mathematics of Emphasis

Catalog. ECE 100 Sg‘sr%?]‘:\lcgon to Engineering . Students interested in a career in bio-
R CIOMRRR engineering may elect to emphasize ei-

DEGREE REQUIREMENTS MAT 22 ey Lnear ther biochemical, bioslectrical, bio-

A minimum of 128 semester hours is
necessary for the B.S.E. in Bioengi-
neering degree. A minimum of 50 up-
per-division semester hours is required.

GRADUATION REQUIREMENTS

In addition to fulfilling school and
major requirements, majors must sat-
isfy all university graduation require-
ments. See pages 79-83.

COURSE REQUIREMENTS

The course work, in semester hours, Total

for the undergraduate degree can be
classified into the following categories:

First-Year Composition

materials engineering, biomechanical,
bionuclear, biosystems, molecular and
cellular bioengineering, or premedical
engineering.

Biochemical EngineeringThis empha-
sis is designed to strengthen the stu-
dent’s knowledge of chemistry and
transport phenomena and is particularly
well suited for students interested in

or ECE 384 Numerical
Analysis for Engineers | (2)
or ECE 386 Partial
Differential Equations

for Engineers | (2)
Calculus with Analytic
Geometry IN1
Calculus with Analytic
Geometry Il

MAT 270

MAT 271

MAT 272 Calculus with Analytic ! - :
Geometry Hl ...c.ovveevvereernenn. 4 biotechnology. Technical electives

MAT 274 Elementary Differential must include: CHM 331, 332, and 361.
EQUALIONS —rvvvvvvvveoseooesee 3Bioelectrical Engineering This em-

2phasis is designed to strengthen the
student’s knowledge of electrical sys-

6aems, electronics, and signal process-
ing. Students considering a career in
bioelectrical phenomena, biocontrol

General Studies/school requirements
total

Engineering Core

ENG 101,102 CF'rSt'Ye_?r ECE 210 SEtgt‘ci]g;eenng Mechanics I 3Systems, medical instrumentation, non-
Oflrzn,\?gSIIE)OSHA'a'\};HEéa' ECE 301 Electrical Networks I............. 4 invasive imaging, neural engineering,
First-Year ECE 334 Electronic Devices and and electrophysiology should consider
Composition (3) Instrumentation..... 4 thls area of emphasis. Techrjlcal elec-
or ENG 107, 108 ECE 340 ThermodynacTics f 3tives must include the following:
; ; ECE 350 Structure and Properties o )
Eiome (6" MBLENTAIS ... 3BME 350 Signals and Systems
— for Bioengineers .................... 3
Tl o GOl e e or EEE 303 Signals and
General Studies/School Requirements Major _ BME 419 SB)i/g(t;eo?:tSro(ﬁ)systems 3
s : " BIO 181 General Biolog$1/S2 ........4 EEE 302 Electrical Networks'ill .......... 3
Humanities and Fine Arts/Social and BME 201 Introductonto o TUT TR TEEEEIRS AT e o
Behavioral Sciences Bioengineerind_1 ................ T o] - U 9
ECN 111 Macroeconomic BME 318 Biomaterials............cccceovevueene 3 . . . . .
PrinciplesSB.........c.ccccucue... 3 BME 331 Biomedical Engineering B'Omate.”3;|5 EngineeringThis area of
or ECN 112 Microeconomic Transport I: Fluids ................ 3 emphasis integrates the student's
PrinciplesSB(3) BME 334 Bioengineering Heat and knowledge of materials science and en-
SB, HU, and awareness area COUrSEs ....... 13 Mass Transfer ..........ccccccceeeee. 3gineering with biomaterials science and
Total oo — (8ME 416 BiOmechanics ....................... 3engineering concepts for the design of
ME 417 Biomedical Engineering materials intended to be used for the
Literacy and Critical Inquiry BME 435 %’;‘]"St_olne Dfes'%” Do fdevelopment of medical and diagnostic
; ; . ysiology for Engineers ...... : :
BME 413 ;:gnmfg|callnstrument ........ 3 BME 470 Microcomputer Applications detV|ce|s.t_ It ewphailzes _struc_ture-pr?p-
BME 423 Biomedical Instrumentation in Bioengineering .................. erty refationships ot engineering mate-
LabOrAtOL2 oo 1 BME 490 Biomedical Engineering rials (metals, polymers, ceramics, and
ECE 300 Intermediate Engineering Capstone Design Il ............ 1-5 composites) and biological materials,
DESIGNLL +vvvvvveoreeeeeree 3 ECE 380 Probability and Statistics biomaterial-host response phenomena,
= for Engineering technical and regulatory aspects of
TOMAl 7 Problem Solving\2 .............. 3 biomaterials testing and evaluation.

Natural Sciences/Basic Sciences

CHM 113 General Chemisti$1/S2.....4
CHM 116 General Chemisti$1/S2.....4
PHY 121 University Physics I:
MechanicsS1/S2........cccco...... 3
PHY 122 University Physics
Laboratory ISU/S3 ..o 1
PHY 131 University Physics Il
Electricity and
MagnetismSl/S§ ................... 3

Technical electives Students interested in careers in the

45biomaterials, medical device, or bio-

technology industries should consider
1 Both PHY 121 and 122 must be taken to t,h's area Of, emphasis. Tech.nlcal elec-
tives must include the following:

Minimum total

secure S1 or S2 credit.
2 Both PHY 131 and 132 must be taken to MSE 353 Introduction to Materials

secure S1 or S2 credit. Processing and Synthesis........ 3
: : MSE 355 Introduction to Materials
The major BME courses require a Science and Engineering ... 3

grade of “C” or higher to advance in
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MSE 470 Polymers and Composites ..... 3hysiological systems and designing Bioengineering Program of Study

or MSE 471 Introduction to artificial organs requires knowledge in Typical Four-Year Sequence
Ceramics (3) _ integrating electrical, mechanical, First Year
TOUAL oo e, gransport, and thermofluid systems.

First Semester

Students considering careers in medica&HM 113 General Chemist§1/S2.....4

Biomechanical EngineeringThis em-  qeyice industries, clinical engineering,

isi i e . >’ ECE 100 Introduction to Engineerin
phasis is designed to strengthen the sty artificial organs should consider this DesignN3 ........... jq_ ........... 9
dent slkrr]]owledgse Oé mechanics ar:jd. area of emphasis. Technical electives Eng 101 First-Year Composition ....... 3
control theory. Students interested in st include the following: MAT 270 Calculus with Analytic
careers related to biomechanical de- _ _ _ _ Geometry INI .........oooooo.... 4
sign, orthotic/prosthetic devices, reha- BME 411 Biomedical Engineering I...... 3 -
or BME 412 Biomedical TOtAl oo 15

bilitation engineering, and orthopedic ! i
Engineering Il (3)

implants should consider this area of : ! Second Semester

emphasis. It also provides the funda- EME 419 PBrI(()J(r:”(I:;(ilézngransport .............. £HM 116 General Chemist§1/S2.....4

mentals for the study of neuromusculargye 419 Biocontrol Systems ... 3ENG 102 First-Year Composition ......... 3

control and the study of human motion. or BME 350 Signals MAT 271 Calculus with Analytic

The following course is a required se- and Systems for Geometry Il ...cccooeveerereeennnne. 4

lection in the engineering school re- Bioengineers (3) PHY 121 University Physics I:

quirements (page 202): - MechanicsS1/S3................. 3
Total ..o, PHY 122 University Physics

ECE 384 Numerical Analysis for Laboratory IS1/S3 ..o 1

ENGINEETS | oo 2_I\/Iolecul_ar and Ce_IIu_Iar Biqengineer-
or MAT 242 Elementary ing. This empha5|s is designed to
Linear Algebra(2) strengthen and integrate the student’s
knowledge of molecular and cellular
Technical electives must include the pjology, biochemistry, and biomaterials First Semester
of biomolecular and cellular-based hy- BME 201 Introduction to

Second Year

BME 419 ﬁ'gcﬁgtg’éos és,;?]r:é """""""" 3brid medical and diagnostic devices. It CE 210 Bé%g?fé@?ﬁgn&gché}%iéé'|'-'"3
and Systems for is particularly suited for students inter- statics ... o 3
Bioengineers (3) ested in pursuing graduate studies in  pmaT 272 Calculus with Analytic
or EEE 303 Signals molecular and cellular bioengineering Geometry Ml .....cveeeeeeveeeean. 4
and Systems (3) and health-related biotechnology. TechPHY 131 University Physics II:

ECE 312 Engineering Mechanics Il:  njcal electives must include the follow- Electricity and
Dynamics .......ccoceveiciiniininns 3ing: MagnetismS1/S%................. 3

ECE 313 Introduction to Deformable PHY 132 University Physics
SOliAS ..o 3BIO 353 Cell Biology .....cocccovvvvrrvrennn. 3 Laboratory 11S1/S3 ... 1

TOMAl oo, 1M 331 General Organic Chemistry ... 3 m

HM 361 Principles of Biochemistry ... 3 1Ol i 18

Biomedical Imaging EngineeringThis 15 ™ gacond Semester

emphasis is designed to strengthen the ECE 301 Electrical Networks | ............. 4

student's knowledge of radiation inter- Premedical EngineeringThis empha- ECE 350 Structure and Properties

actions, health physics, medical diag- Sis is designed to meet the needs of stu- of Materials...........cccccevevennnen. 3

nostic imaging (MRI, PET, X-ray, CT), dents desiring entry into a medical, MAT 274 Elementary Differential

radiation protection, and nuclear instru-dental, or veterinary school. The course BQUALIONS ..ooovvvvveeeginsnss 3

mentation. Students considering ca- sequence provides an excellent back- HU: SB, and awareness area coufses...6

reers in medical engineering or health ground for advanced study leading t0 aTotal...........c...cccooevvrrvecererreesieesns 16

physics should consider this area of ~ career in research in the medical or life _

emphasis. Technical electives include sciences. Technical electives must in- Third Year

the following: clude the following: First Semester

) ) BME 331 Biomedical Engineering

PHY 361 Introductory Modern CHM 331 General Organic Chemistry ... 3 Transport I FIUidS ................. 3
PhYSICS ..ovoveeeiceeecee e 3CHM 332 General Organic Chemistry ... 3gmE 435 Physiology for Engineers ...... 4

Department-approved electives.................. €HM 335 General Organic Chemistry  £ce 300 Intermediate Engineering

Total - Laboratory ...... RS 1 DESIGNLL vovevererrereereeeerenn: 3

------------------------------------------------------ EHM 336 General Organic Chemistry ECE 340 Thermodynamics ................ 3

Biosystems EngineeringChis empha- Laboratory ... ~1ECN 111 Macroeconomic

sis is designed to strengthen the back- Total...........c.cc.cocvvevvveee. .8 PrinciplesSB..................... -3

ground of students interested in physi- _ . . or ECN 112 Microeconomic

To fulfill medical school admission PrinciplesSB(3)

ological systems modeling and analysis . .
g y ing ys! requirements, BIO 182 General Biol-

ogy is also required in addition to the
degree requirements.

and design and evaluation of artificial
organs and medical devices. Analyzing

NOTE: For the General Studies requirement, codes (such as L1, N3, C, and H), and courses, see pages 84-108. For graduation requirements,
see pages 79-83. For omnibus courses offered but not listed in this catalog, see pages 56-57.
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MAT 242 Elementary Linear
Algebra
or ECE 384 Numerical
Analysis for Engineers | (2)
or ECE 386 Patrtial
Differential Equations for
Engineers (2)

MATERIALS SCIENCE AND
2 ENGINEERING—B.S.E.

REGENTS’ PROFESSOR

— MAYER
I - SR 18 PROFESSORS
Second Semester DEY, KRAUSE, MAHAJAN
BME 318 Biomaterials..........cccccecvvvernns 3
BME 334 Bioengineering Heat and ASSOCM;E:S(S)FESSOR
Mass Transfer .........cccceveveene 3
ECE 334 Electronic Devices ASSISTANT PROFESSOR
and Instrumentation ............... 4 ALFORD

ECE 380 Probability and Statistics

Graduation Requirements. In addi-
tion to fulfilling school and major
requirements, majors must satisfy all
university graduation requirements.
See pages 79-83.

Course RequirementsThe under-
graduate curriculum requires that stu-
dents take a series of interdisciplinary
courses of fundamental importance to
an understanding of all engineering ma-
terials. Following these are additional
courses that may be taken as technical
electives to develop an area of empha-
sis. The courses for the undergraduate

for Engineering

Materials science and engineering is degree can be classified into the follow-
Problem SolvindN2

concerned with the study of fundamen-ing categories (in semester hours):

HU, SB, and awareness area coutses...4

tal relationships between the structure rirst.year Composition

1and processing of materials and their

ENG 101,102 First-Year

Fourth Y properties. The program develops a Composition ............... 6
_ ourth Year knowledge of materials that allows or ENG 105
First Semester _ graduates to decide how to optimize de- Advanced First-Year
BME 413 Biomedical sign of engineering components with Composition (3)
INSUUMENMAUOR2 oo existing materials or how to develop or ENG 107, 108
BME 416 Biomechanics ............cc...c...... new advanced materials and processing English for Foreign
BME 417 Biomedical Engineering techni Students (6)
Capstone Design | ................. zlecnniques. . -
BME 423 Biomedical All I’t?ilijgl’ industries and mlané re_-h TOA et 6
Instrumentation search laboratories are involved with -\ o ies/School Requirements
Laboratoryl.2 ...........cccc....... 1 the selection, utilization, and develop- . i )
HU, SB, and awareness area cotirse....3  ment of materials used for designing Humanities and Fine Arts/Social and
Technical eleCtiVes ..........oeevevvneienieenines aind producing engineering systems. ~Behavioral Sciences '
— 1 Students who major in materials sci- ECN 111 Macroeconomic
LI ] - | PP 1 . . cis PrinciplesSB 3
ence and engineering will find employ- R -
Second Semester L . ) or ECN 112 Microeconomic
s o ment opportunities in a variety of in- PrinciplesSB(3)
BME 470 ilr\1/|I;irgecr?n?g:;rnApp"Catlons . dustries and research facilities which 1y s, and awareness area courses ....... 13
. 9 SRR include aerospace, automotive, elec- —
BME 490 g'omed'ca' Engineering 5 tronics, energy conversion manufacturT Ol 16
apstone Design Il ................ . C . ! . . . .
Technical electives ... dng, medical devices, and semiconduc- Literacy and Critical Ir_1qU|ry . .
— tors. ECE 300 Intermediate Engineering
Total ..ooovvviiieene TR PPN 13 The responsibilities of a materials DesignLl .....ccccevveiniiiinens
Total degree requirements: .................... 128ngineer include research and developECE 400 Engineering
- ment of materials to meet new demands Communicationd.2 ............. 3
Both PHY 121 and 122 must be taken to of advancing technologies, to Select theTotal.............co.oooeeeeeeeeeeeeeeeeeeeeeeee, 6
secure S1 or S2 credit. i ifi icati
) best mater_lal for a specific a_ppllcatlon, Natural Sciences/Basic Sciences
Both PHY 131 and 132 must be taken to and to devise novel processing metho SHM 113 General Chemist$1/S2...... 4
secure S1 or S2 credit. i h formance or cost of NP
g oS to improve the performé 8CHM 116 General Chemist!$1/S2...... 4
Engineering students may not use aero- material in an engineering component. pHy 121 University Physics I:
space studies (AES) or military science In essence, a materials engineer uses MechanicsS1/S2 ... 3
(MIs) CO“trseSStO fulfill HlLéea”d SBre-  the fundamental principles of chemistryPHY 122 University Physics
quirements. See page 1396. and physics for the benefit of mankind LaboratoryS1/S3 ................ 1
in areas such as communication, com- PHY 131 g”"{e,ri'ty PZYS'CS I:
utation, medicine, and transportation. ectricity an
P P MagnetismSl/S§ ................... 3
DEGREE REQUIREMENTS PHY 132 University PhySICS
o Q ) Laboratory IS1/S3........ 1
A minimum of 128 semester hours IS oal — 16
necessary for the B.S.E. degree in Ma- ' 0/ oo R
terials Science and Engineering. A Numeracy/Mathematics
minimum of 50 upper-division semes- ECE 100 Introduction to Engineering
ter hours is required. L 4

NOTE: For the General Studies requirement, codes (such as L1, N3, C, and H), and courses, see pages 84-108. For graduation requirements,
see pages 79-83. For omnibus courses offered but not listed in this catalog, see pages 56-57.
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MAT 242 Elementary Linear 3 In order to take CHM 341 Elementary Integrated Circuit Materials.Students
Algebra .......ccoooeviiiiii 2 Physical Chemistry, CHM 331 Organic  interested in the materials used in the
MAT 270 Calculus with Analytic Chemistry must be taken as the prerequi- semiconductor industry and in how
Geometry INL.......ccccoeveennen. 4  site. the ;
. : y are processed to achieve the de-
4 . . .
MAT 271 gzlocnlfllgtsrywl'lth Analytic 4 I/lhere of thedf?'gh_t hours must be anon sired properties should choose from the
--------------------------- upper-division engineering elective ; ; P
MAT 272 Calculus with Analytic coursePp 9 9 following technical electives:
Geometry lll ..o, 4 . . CHE 458 Semiconductor Material
MAT 274 Elementary Differential Materials Science and PrOCESSING oo 3
EQUAtioNS .........ccovevriiiiines 3Engineering Areas of Emphasis EEE 435 Microelectronics ................. 3
TOAL oo . 2]f Technical electives may be §elected EEE 436 Fundamentals of Solid-State
General Studies/school requirements rom one or more of the foIIo_wmg ar- DeVICeS ... s 3
BOLAL e seas. A student may, with prior ap- EEE 439 Semiconductor Facilities and
o proval of the department, select a gen- Cleanroom Practices .............. 3
Engineering Core eral area or a set of courses that wouldMSE 453 Experiments in Materials
ECE 210 Engineering Mechanics: support a career obiective not covered Synthesis and Processing Il ... 2
SEALCS .ovveeieeeeeeee e 3b aﬁe followin Caté ories MSE 454 Advanced Materials
ECE 301 Electrical Networks I ............. 4 y . 9 9 . : . Processing and Synthesis....... 3
ECE 313 Introduction to Deformable Biomaterials.Students interested in the MSE 471 Introduction to Ceramics ....... 3
SONAS .o 3materials used in the body and other . .
ECE 350 Structure and Properties of living systems to improve or replace ~ Manufacturing and Materials Process-
Materials ........cccoovevrereerennnnn. 3 body components should choose from NG- Students interested in the manufac-
MSE 430 Thermodynamics of the following technical electives: turing and processing of materials for a
Materials ..........ccoevevereereneenns 3 _ _ broad base of applications should
Total — (8ME 318 Biomaterials ... 3choose from the following technical
''''''''''''''''''''''''''''''''''''''' ME 411 B!omed!cal Eng!neer!ng I...... 3 glectives:
Major BME 412 Biomedical Engineering Il .... 3 _ _
ECE 380 Probability and Statistics BME 413 Biomedical ‘ CHE 458 Semlco_nductor Material
for Engineering Instrumentation............cc......... 3 Processing ......ccccoeevvvveeeeinnnnne 3
Problem Solving\?2.............. 3 BME 416 Biomechanics A= iﬁ hpﬂ:iaﬁga?ggso?fDl\gesliterr]ials g
MSE 353 Introduction to Materials Ceramic MaterialsStudents who want o~ s Do
MAE 442 Mechanical Systems Design.. 3
Processing and Synthesis........ 3to develop an understanding of the i i
MSE 354 Experiments in Materials /elop . g MSE 431 Corrosion and Corrosion
Synthesis and Processing | ... »chemistry and processing that control (070111170 IS 3
MSE 355 Introduction to Materials the structure a_md_properties of ceramic$MSE 441 Analysis of Material
Science and Engineering ....... 3and their application should select from Failures ..o 3
MSE 420 Physical Metallurgy .............. 3these technical electives: MSE 453 Experiments in Materials
MSE 421 Physical Metallurgy _ ‘ Synthesis and Pr_ocessmg .2
LabOratony .....veeeereeeeerreeene 1 CHM 331 General Organic Chemistry ... SMSE 454 Advanced Materials
MSE 430 Thermodynamics of CHM 332 Ger_]eral Organic (_:hemistry .3 Processing a_nd Synthes_is ....... 3
Matenials oo 3 CHM 471 So_||d-State Chem|stry ............ 3MSE 472 InFegrated Circuit Materials
MSE 440 Mechanical Properties EEE 435 Microelectronics TR 3 SCIENCE ...oevvvvvviiiieeiieeieeeeeeeeeees 3
of Solids 3 EEE 436 Fundamentals of Solid-State . .
MSE 450 X-ray and Electron DeVICES oo 3 Mechanical MetallurgyStudents inter-
Dimg’cﬂon ............................. 3 EEE 439 Semiconductor Facilities and ~ ested in the materials used in the semi-
MSE 470 Polymers and Composites ..... 3 Cleanroom Practices .............. 3conductor mdustr_y and in hovx_/ they are
MSE 471 Introduction to Ceramics ....... 3MSE 453 Experiments in Materials prqcessed to achieve the desired prop-
MSE 482 Materials Engineering Synthesis and Processing Il ... 2erties should choose from the following
DESIGN w.eoevveeerreressreeesesreeeeen 3MSE 454 Advanced Materials technical electives:
MSE 490 Capstone Design Project ....... 3 Processing and Synthesis ....... 3

Select two of the following

MSE 472 Integrated Circuit Materials MAE 415 Vibration Analysis.................
SCIENCE ..., 3MAE 422 Mechanics of Materials

four COUrseS ... 6 . :
; : . . MAE 441 Principles of Design ..............
CHM 325 Analytical Chemistry (3) Energy System&tudents interested in  pagE 442 Mechsnical Syste?ns
CHM 331 General Organic the materials used in energy conversion DESIGN +rvvvevereereeeereeeeeeeeeee 3
CHM 341 CErI‘em'Sttry (3|)3h cal systems such as solar energy or nucleawSE 431 Corrosion and Corrosion
Chi%?gtsr)(ls) ysica energy should choose from the follow- CONMION oo 3
PHY 361 Introductory Modern ing technical electives: MSE 441 lg?ﬁlr);ssls of Materials 3
) Phys(lé(‘:ss ® MAE 441 Principles of Design .............. 3 ) )
Technical electives..........cccooveveveieieicrennnn 8. MAE 442 Mechanical Systems Metallic Materials System&tudents
TOA e 50 DESIGN .o 3interested in building an understanding
MSE 431 Corrosion and Corrosion of the basis for the design and process-
Control ......coevcveeiiiiiieieee, 3 f | d all hould ch
1 ing of metals and alloys should choose
Both PHY 121 and 122 must be taken to ; ; . . .
MSE 441 Analysis of Material .
secure S1 or S2 credit. Fa”ur{es .................................. 3from the following technical electives:
2 Both PHY 131 and 132 must be taken to MAE 351 Manufacturing Processes....... 3
secure S1 or S2 credit. MSE 431 Corrosion and Corrosion

Control .....ceveeveeeciee e, 3
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MSE 441 Analysis of Material Second Semester

Engineering students may not use aero-

Failures ......cccocevveviieeeiiec s 3ECE 301 Electrical Networks I............. 4 space studies (AES) or military science
MSE 472 Integrated Circuit Materials ECE 313 Introduction to (MIS) courses to fulfill HU and SB re-

SCIENCE ....vvvveeeeeeeecieee e, 3 Deformable Solids .......oovv..... 3 quirements. See page 196.

: ECE 350 Structure and Properties 4 In order to take CHM 341 Elementar

Polymers and CompositeStudents of Materials...........ccooviriennn. 3 Physical Chemistry, CHM 331 Orgarﬁc
who desire to build an understanding ofece 380 Probability and Statistics Chemistry must be taken as the prerequi-
the chemical and processing basis for for Engineering Problem site.
the properties of polymers and their ap- SOIVINGN2.....ceeevirierieeieiea 3
plications, including composite sys- ~ MAT 274 Elementary Differential BIOENGINEERING (BME)
tems, should select from the following Equations ... 3 ) S
technical electives: Total oo — ' 1%\)/IE 201 Introduction to Bioengineering.
CHM 331 General Organic Chemistry ... 3 Third Year ing an awarencss of the contibutons of io-

CHM 332 General Organic Chemistry ... 3 _.
g First Semester

CHM 471 Solid-State Chemistry ) ) .
ECE 300 Intermediate Engineering

MSE 441 Analysis of Material

Failures .......cccocoovvevevveereiann. DesignLl ...cccceovnee. SN
MSE 472 Integrated Circuit Materials ~ MSE 353 Introduction to Materials
SCIENCE oo Processing and Synthesis.......

MSE 355 Introduction to Materials
Science and Engineering
Advanced science coufse

HU, SB, and awareness area coutses...4

Materials Science and Engineering
Program of Study
Typical Four-Year Sequence
First Year

First Semester Second Semester

CHM 113 General Chemisti$1/S2.....4 MSE 354 Experiments in Materials
ECE 100 Introduction to Engineering
DesignN3 ... 4 MSE 420 Physical Metallurgy ...............
ENG 101 First-Year Composition 3MSE 421 Physical Metallurgy
MAT 270 Calculus with Analytic Laboratory ........ccceeeveveveueunnes
Geometry IN1 ..o 4 MSE 430 Thermodynamics of
- Materials ........cccoeveeeiiineenninn.
TOtAl .o 1§VISE 450 X-ray and Electron
Second Semester Diffraction ..........cccoeveeieeninnnn
CHM 116 General Chemistg1/S2....4 HU, SB, and awareness area coutses...6
ENG 102 First-Year Composition ......... 3T0tal oo T
MAT 271 Calculus with Analytic
Geometry Il ....c..ccooevvvinninnnnn. 4 Fourth Year
PHY 121 University Physics I: .
MechanicsS1/S2L .................. 3 ErSSéSiTSSt&r hanical P "
PHY 122 University Physi(;:_is of g%lizzlca roperties
Laboratory IS1/S2 ................ 1 MSE 470 Polymers and Composites .....
TOtaAl .o 1MSE 471 Introduction to Ceramics .......
MSE 482 Materials Engineering

Second Year
First Semester

Design

ECE 210 Engineering Mechanics I: TOUAl oo
SEALCS wovveeieeieceie e

ECN 111 Macroeconomic Second Semester
PrinciplesSB...........ccovvueenne. 3 ECE 400 Engineering

MAT 242 Elementary Linear Communication$ 2 .............. 3
Algebra ..., 2MSE 490 Capstone Design Project .......

MAT 272 Calculus with Analytic Advanced science coufbe.......oooooooo..... 3
Geometry Hl ......ooviiiine 4 Hu, SB, and awareness area coBirse.....3

PHY 131 University Physics II: Technical electives ..........ccoceveveeeeieereeeenn.

Electricity and

MagnetismS1/S3.................. 3 Total..... s
PHY 132 University Physics Degree requirements total .....................
Laboratory 11S1/S3......... 1

61 Both PHY 121 and 122 must be taken to
secure S1 or S2 credit.

2 Both PHY 131 and 132 must be taken to
secure S1 or S2 credit.

1 port I: Fluids.

engineering to solve medical and biological

problems. Cross-listed as STE 201. Prerequi-

site: ENG 102 or 105 or 108. General Studies:

L1.

BME 202 Global Awareness Within Bio-
3medical Engineering Design. (3) F

Introduction to ethical, legal, social, economic,

3and technical issues arising from the design

and implementation of bioengineering technol-
ogy. Lecture, critical discourse. Prerequisites:
ECE 100; ECN 111 or 112; ENG 102. General

16tudies: L1, HU.

BME 318 Biomaterials. (3) S
Material properties of natural and artificial
biomaterials. Tissue and blood biocompatibil-

Synthesis and Processing | .... 2ity. Uses of materials to replace body parts.
3 Prerequisite: ECE 350.

BME 331 Biomedical Engineering Trans-
®)F. s
Transport phenomena with emphasis on bio-

3 medical engineering fluid systems. Prerequi-

sites: MAT 274; PHY 131.

3 BME 334 Bioengineering Heat and Mass

Transfer. (3) S
Application of the principles of heat and mass

1 @ransfer phenomena to solution of problems in

medicine and medical device design. Pre-
requisite: ECE 340. Prerequisite with a grade
of “C” or higher: BME 331.

BME 350 Signals and Systems for Bioengi-
neers. (3) S

3 Application of principles of calculus and ordi-

Shary differential equations to modeling and

3analysis of responses, signals, and signal

transfers in bio-systems. Prerequisites: ECE

3301; MAT 272, 274.

PBME 411 Biomedical Engineering l.  (3) F
Review of diagnostic and prosthetic methods

1@ising engineering methodology. Introduction

to transport, metabolic, and autoregulatory
processes in the human body. Prerequisite
with a grade of “C” or higher: BME 334.

BME 412 Biomedical Engineering Il.  (3) S
FReview of electrophysiology and nerve pacing
applications, introduction to biomechanics and
joint/limb replacement technology, cardiovas-
ular and pulmonary fluid mechanics, and the
application of mathematical modeling. Pre-

1@equisite: instructor approval.
128ME 413 Biomedical Instrumentation.

3)F
Principles of medical instrumentation. Studies
of medical diagnostic instruments and tech-
niques for the measurement of physiologic
variables in living systems. Prerequisites: ECE
300, 334. Prerequisite with a grade of “C” or
higher: BME 435. Corequisite: BME 423. Gen-
eral Studies: L2.
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BME 415 Biomedical Transport Processes.
3)A

Principles of momentum, heat, and mass
transport with applications to medical and bio-
logical systems and medical device design.
Prerequisites: MAT 274; PHY 131.

BME 416 Biomechanics. (3) F

Mechanical properties of bone, muscle, and
soft tissue. Static and dynamic analysis of hu-
man movement tasks such as locomotion.
Prerequisite with a grade of “C” or higher:
BME 318.

BME 417 Biomedical Engineering Cap-

stone Designl. (3) F

Technical, regulatory, economic, legal, social,
and ethical aspects of medical device systems
engineering design. Lecture, field trips. Pre-
requisites with a grade of “C” or higher: BME
318, 334.

BME 419 Biocontrol Systems. (3) F
Application of linear and nonlinear control sys-
tems techniques toward analysis of neuro-
musculoskeletal, cardiovascular, thermal, and
mass transfer systems of the body. Prerequi-
sites: ECE 301; MAT 274.

BME 423 Biomedical Instrumentation
Laboratory. (1) F

Laboratory experience with problems, con-
cepts, and techniques of biomedical instru-
mentation in static and dynamic environments.
Lab. Prerequisites: ECE 300, 334. Prerequi-
site with a grade of “C” or higher: BME 435.
Corequisite: BME 413. General Studies: L2.

BME 435 Physiology for Engineers. (4) F
Physiology of the nervous, muscular, cardio-
vascular, endocrine, renal, and respiratory
systems. Emphasizes use of quantitative
methods in understanding physiological sys-
tems. Lecture, lab. Prerequisites: BIO 181 and
CHM 116 and PHY 131 orinstructor approval.

BME 470 Microcomputer Applications in
Bioengineering. (4) S

Use of microcomputers for real-time data col-
lection, analysis, and control of experiments
involving actual and simulated physiological
systems. Lecture, lab. Prerequisites: ECE
100, 334. Prerequisite with a grade of “C” or
higher: BME 435.

BME 490 Biomedical Engineering Cap-

stone Design Il. (1-5) F, S

Individual projects in medical systems or
medical device design and development. Lec-
ture, lab. Prerequisite with a grade of “C” or
higher: BME 417.

BME 496 Professional Seminar. (1-3) F, S
Professional and ethical aspects with a dis-
cussion of responsibilities. Lecture, field trips.
Prerequisite: instructor approval.

BME 511 Biomedical Engineering. (3) A
Diagnostic and prosthetic methods using engi-
neering methodology. Transport, metabolic,
and autoregulatory processes in the body.

BME 512 Biomedical Engineering Il.  (3) A
Electrophysiology and nerve pacing applica-
tions, introduction to biomechanics and joint/
limb replacement, technology, cardiovascular
and pulmonary fluid mechanics, and math-
ematical modeling.

BME 513 Biomedical Instrumentation 1. (3)
A

Principles of medical instrumentation. Studies
of medical diagnostic instruments and tech-
niques for the measurement of physiologic
variables in living systems.

BME 514 Advanced Biomedical Instrumen-
tation. (3) F

Principles of applied biophysical measure-
ments using bioelectric and radiological ap-
proach. Prerequisites: ECE 334; MAT 274 (or
equivalent).

BME 515 Biomedical Transport Processes.
B)N

Principles of momentum, heat, and mass
transport with applications to medical and bio-
logical systems and medical device design.
Prerequisite: instructor approval.

BME 516 Topics in Biomechanics. (3) F
Mechanical properties of bone, muscle, and
soft tissue. Static and dynamic analysis of hu-
man movement tasks, including in-depth
project. Prerequisite: instructor approval.

BME 518 Introduction to Biomaterials.  (3) S
Topics include structure property relationships
for synthetic and natural biomaterials, biocom-
patibility, and uses of materials to replace
body parts. Prerequisite: ECE 350 or equiva-
lent or instructor approval.

BME 519 Topics in Biocontrol Systems.  (3)
F

Linear and nonlinear control systems analysis
of neuromusculoskeletal, cardiovascular, ther-
mal, and mass transfer systems of the body,
including in-depth project. Prerequisites: ECE
301 and MAT 274 or instructor approval.
BME 520 Bioelectric Phenomena. (3) N
Study of the origin, propagation, and interac-
tions of bioelectricity in living things; volume
conductor problem, mathematical analysis of
bioelectric interactions, and uses in medical
diagnostics.

BME 521 Neuromuscular Control Systems.
3)s

Overview of sensorimotor brain structures.
Application of nonlinear, adaptive, optimal,
and supervisory control theory to eye-head-
hand coordination and locomotion.

BME 522 Biosensor Design and Applica-

tion. (3) A

Theory and principles of biosensor design and
application in medicine and biology. Principles
of measurements with biosensors. Prerequi-
site: instructor approval.

BME 523 Physiological Instrumentation

Lab. (1) F

Laboratory experience with problems, con-
cepts, and techniques of biomedical instru-
mentation in static and dynamic environments.
Lab. Pre- or corequisites: AGB/BME 435;
BME 413; ECE 334.

BME 524 Fundamentals of Applied Neural
Control. (3) A

Fundamental concepts of electrical stimulation
and recording in the nervous system with the
goal of functional control restoration. Pre- or
corequisite: BME 435 or instructor approval.
BME 525 Surgical Techniques. (2) S
Principles of surgical techniques, standard op-
erative procedures, federal regulations, guide-
lines, and state-of-the-art methods. Lecture,
lab.

BME 532 Prosthetic and Rehabilitation En-
gineering. (3) A

Analysis and critical assessment of design
and control strategies for state-of-the-art
medical devices used in rehabilitation engi-
neering. Pre- or corequisite: BME 416 or 516
or EPE 610.

BME 533 Transport Processes|. (3) F
Unified treatment of momentum, heat, and
mass transfer from molecular theory, and con-
tinuum points of view. Continuum equations of
microscopic and macroscopic systems and
multicomponent and multiphase systems.
Cross-listed as CHE 533.

BME 534 Transport Processes Il.  (3) S
Continuation of BME/CHE 533, emphasizing
mass transfer. Cross-listed as CHE 534. Pre-
requisite: BME/CHE 533.

BME 543 Thermodynamics of Chemical
Systems. (3) F

Classical and statistical thermodynamics of
nonideal physicochemical systems and pro-
cesses; prediction of optimum operating con-
ditions. Cross-listed as CHE 543.

BME 544 Chemical Reactor Engineering.
3)s

Reaction rates, thermodynamics, and trans-
port principles applied to the design and op-
eration of chemical reactors. Cross-listed as
CHE 544. Prerequisite: BME/CHE 543.

BME 551 Movement Biomechanics. (3) S
Mechanics applied to the analysis and model-
ing of physiological movements. Computa-
tional modeling of muscles, tendons, joints,
and the skeletal system with application to
sports and rehabilitation. Prerequisite: BME
416 or 516 or instructor approval.

BME 566 Medical Imaging Instrumentation.
(3)N

Design and analysis of imaging systems and
nuclear devices for medical diagnosis, ther-
apy, and research. Laboratory experiments
using diagnostic radiology, fluoroscopy, ultra-
sound, and CAT scanning. Lecture, lab. Pre-
requisite: instructor approval.

BME 567 Radiation Shielding and Trans-
port. (3) F

Shielding for radiation therapy, diagnostic ra-
diology, cyclotrons, and nuclear reactors.
Monte Carlo and empirical computational
methods, regulations, and design problems.
Cross-listed as EEE 567. Prerequisite: EEE
465.

BME 568 Medical Imaging. (3) S

CT, SPECT, PET, and MRI. 3-dimensional in
vivo measurements. Instrument design, physi-
ological modeling, clinical protocols, recon-
struction algorithms, and gquantitation issues.
Prerequisite: instructor approval.

CHEMICAL ENGINEERING (CHE)

CHE 311 Introduction to Chemical Pro-
cessing. 3)F, S

Application of chemical engineering analysis
and problem solving to chemical processes
material and energy balance methods and
skills. Prerequisites: CHM 116; MAT 271.

NOTE: For the General Studies requirement, codes (such as L1, N3, C, and H), and courses, see pages 84-108. For graduation requirements,
see pages 79-83. For omnibus courses offered but not listed in this catalog, see pages 56-57.
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CHE 331 Transport Phenomena I: Fluids.

) F, S

Transport phenomena, with emphasis on fluid
systems. Prerequisites: CHE 311; ECE 394
ST: Conservation Principles; MAT 274.

CHE 332 Transport Phenomena II: Energy
Transfer. 3)F, S

Continuation of transport principles, with em-
phasis on energy transport in stationary and
fluid systems. Prerequisite: CHE 331.

CHE 333 Transport Phenomena lll: Mass
Transfer. 3)F, S

The application of transport phenomena to
mass transfer. The design of mass transfer
equipment, including staged processes. Pre-
requisite: CHE 332.

CHE 342 Applied Chemical Thermodynam-
ics. (4)F, S

Application of conservation and accounting
principles with non-ideal property estimation
techniques to model phase and chemical
equilibrium processes. Lecture, recitation.
Prerequisites: CHE 311; ECE 394 ST: Con-
servation Principles, ECE 394 ST: Properties
that Matter. Pre- or corequisite: MAT 272.

CHE 352 Transport Laboratories. (3) S
The demonstration of transport phenomena
principles with experiments in fluid flow, heat,
and mass transfer. Prerequisites: CHE 332;
ECE 300. Pre- or corequisite: CHE 333. Gen-
eral Studies: L2.

CHE 432 Principles of Chemical Engineer-
ing Design. (3) F

Multicomponent distillation, engineering eco-
nomics, equipment sizing and costs, plant op-
eration economics, and simulation and optimi-
zation techniques. Prerequisites: CHE 332,
342.

CHE 442 Chemical Reactor Design. (3) F, S
Application of kinetics to chemical reactor de-
sign. Prerequisite: CHE 342. Pre- or corequi-

site: CHE 333.

CHE 451 Chemical Engineering Labora-

tory. (2) F

Operation, control, and design of experimental
and industrial process equipment; indepen-
dent research projects. 6 hours lab. Prerequi-
sites: CHE 333, 352; ECE 384.

CHE 458 Semiconductor Material Process-
ing. 3)N

Introduction to the processing and character-
ization of electronic materials for semiconduc-
tor applications. Prerequisites: CHE 333, 342.

CHE 461 Process Control. (4) F

Process dynamics, instrumentation, and feed-
back applied to automatic process control.
Lecture, lab. Prerequisite: ECE 394 ST: Sys-
tems. General Studies: N3.

CHE 462 Process Design. (3) S

Application of economic principles to optimize
equipment selection and design; development
and design of process systems. Prerequisites:
CHE 432, 442.

CHE 474 Chemical Engineering Design for
the Environment. (3) F

Conflict of processing materials and preserv-
ing the natural resources. Students will under-
stand/value the environment and attempt to
control our impact. Prerequisites: CHE 333,
342.

CHE 475 Biochemical Engineering. (3) N
Application of chemical engineering methods,
mass transfer, thermodynamics, and transport
phenomena to industrial biotechnology. Pre-
requisite: instructor approval.

CHE 476 Bioreaction Engineering. (3) N
Principles of analysis and design of reactors
for processing with cells and other biologically
active materials; applications of reaction engi-
neering in biotechnology. Prerequisite: instruc-
tor approval.

CHE 477 Bioseparation Processes. (3) N
Principles of separation of biologically active
chemicals; the application, scaleup, and de-
sign of separation processes in biotechnology.
Prerequisite: instructor approval.

CHE 478 Industrial Water Quality Engineer-
ing. 3)F

Chemical treatment processing, quality criteria
and control, system design, and water pollut-
ants. Prerequisites: CHE 331; senior standing.

CHE 479 Air Quality Control. (3) F

Air pollutant control, effects, and origins.
Chemical and physical processes, including
combustion, control equipment design, disper-
sion, and sampling. Prerequisites: CHE 331,
senior standing.

CHE 490 Chemical Engineering Projects.
(1-5)F, S, Ss

Individual projects in chemical engineering op-
erations and design. Prerequisite: instructor
approval.

CHE 496 Professional Seminar. (1-3) F, S
Professional and ethical aspects with a dis-
cussion of responsibilities. Lecture, field trips.
Prerequisite: instructor approval.

CHE 501 Introduction to Transport Phe-
nomena. (3) F, S

Transport phenomena, with emphasis on fluid
systems. Prerequisite: transition student with
instructor approval.

CHE 502 Introduction to Energy Transport.
(3)F, s

Continuation of transport principles, with em-
phasis on energy transport in stationary and
fluid systems. Prerequisite: transition student
with instructor approval.

CHE 503 Introduction to Mass Transport.
3)F, s

The application of transport phenomena to
mass transfer. The design of mass transfer
equipment, including staged processes. Pre-
requisite: transition student with instructor ap-
proval.

CHE 504 Introduction to Chemical Thermo-
dynamics. 3)F, S

Energy relations and equilibrium conversions
based on chemical potentials and phase equi-
libria. Prerequisite: transition student with in-
structor approval.

CHE 505 Introduction to Chemical Reactor
Design. 3) F, S

Application of kinetics to chemical reactor de-
sign. Prerequisite: transition student with in-
structor approval.

CHE 527 Advanced Applied Mathematical
Analysis in Chemical Engineering. (3) F
Formulation and solution of complex math-
ematical relationships resulting from the de-
scription of physical problems in mass, en-
ergy, and momentum transfer and chemical
kinetics.

CHE 528 Process Optimization Tech-

niques. (3) S

Method for optimizing engineering processes.
Experimental design and analysis; linear and
nonlinear regression methods; classical,
search, and dynamic programming algorithms.

CHE 533 Transport Processes I. (3) F
Unified treatment of momentum, heat, and
mass transfer from molecular theory, and con-
tinuum points of view. Continuum equations of
microscopic and macroscopic systems and
multicomponent and multiphase systems.
Cross-listed as BME 533.

CHE 534 Transport Processes Il.  (3) S
Continuation of CHE/BME 533, emphasizing
mass transfer. Cross-listed as BME 534. Pre-
requisite: BME/CHE 533.

CHE 536 Convective Mass Transfer. (3) N
Turbulent flow for multicomponent systems,
including chemical reactions with applications
in separations and air pollution. Prerequisite:
CHE 533 or MAE 571.

CHE 543 Thermodynamics of Chemical
Systems. (3) F

Classical and statistical thermodynamics of
nonideal physicochemical systems and pro-
cesses; prediction of optimum operating con-
ditions. Cross-listed as BME 543.

CHE 544 Chemical Reactor Engineering.
®3)S

Reaction rates, thermodynamics, and trans-
port principles applied to the design and op-
eration of chemical reactors. Cross-listed as
BME 544. Prerequisite: BME/CHE 543.

CHE 548 Topics in Catalysis. (3) N
Engineering catalysis, emphasizing adsorp-
tion, kinetics, characterization, diffusional con-
siderations, and reactor design. Other topics
include mechanisms, surface analyses, and
electronic structure.

CHE 552 Industrial Water Quality Engineer-
ing. 3)N

Water pollutants, quality criteria and control,
chemical treatment processing, and system
design. Case studies. Prerequisite: CHE 331
or equivalent.

CHE 553 Air Quality Control. (3) N

Air pollutant origins, effects, and control.
Physical and chemical processes, including
dispersion, combustion, sampling, control
equipment design, and special topics. Prereq-
uisite: CHE 331 or equivalent.

CHE 554 New Energy Technology. (3) N
Gasification, liquefaction pyrolysis, and com-
bustion processes for coal, wastes, and other
raw materials. In-situ processes for coal, olil,
shale, and geothermal energy. Environmental
quality issues.

CHE 556 Separation Processes. (3) N
Topics in binary/multicomponent separation,
rate governed and equilibration processes,
mass transfer criteria, energy requirements,
separating agents and devices, and staged
operations.

CHE 558 Electronic Materials. (3) N
Processing and characterization of electronic
materials for semiconductor type uses. Ther-
modynamics and transport phenomena,
phase equilibria and structure, mass transfer,
and diffusion and thermal properties.

CHE 561 Advanced Process Control.  (3) S
Dynamic process representation, linear opti-
mal control, optimal state reconstruction, and
parameter and state estimation techniques for
continuous and discrete time systems.

CHE 563 Chemical Engineering Design.  (3)
N

Computational methods; the design of chemi-
cal plants and processes.
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MATERIALS SCIENCE
AND ENGINEERING (MSE)

MSE 353 Introduction to Materials Process-
ing and Synthesis. (3) F

Principles of materials structure and proper-
ties with emphasis on applications in bulk and
thin film materials processing and synthesis.
Prerequisites: CHM 116 and PHY 131 or
equivalents.

MSE 354 Experiments in Materials Synthe-
sis and Processingl. (2) S

Small groups of students complete three ex-
periments selected from a list. Each is super-
vised by a selected faculty member. Lab. Pre-
requisite: MSE 353 or equivalent.

MSE 355 Introduction to Materials Science
and Engineering. (3) F

Elements of the structure of metals and alloys,
measurement of mechanical properties, and
optical metallography. Lecture, lab, field trips.
Prerequisite: CHM 114 or 116.

MSE 420 Physical Metallurgy. (3) F

Crystal structure and defects. Phase dia-
grams, metallography, solidification and cast-
ing, deformation, and annealing. Prerequisite:
ECE 350.

MSE 421 Physical Metallurgy Laboratory.
@s

Focuses on analysis of microstructure of met-
als and alloys and includes correlation with
mechanical properties to some extent. Lab.
Pre- or corequisite: MSE 420.

MSE 430 Thermodynamics of Materials.  (3)
N

Principles of statistical mechanics, statistical
thermodynamics of single crystals, solutions,
phase equilibrium, free energy of reactions,
free electron theory, and thermodynamics of
defects. Prerequisite: ECE 340.

MSE 431 Corrosion and Corrosion Control.
3)s

Introduction to corrosion mechanisms and
methods of preventing corrosion. Topics in-
clude the following: electrochemistry, polariza-
tion, corrosion rates, oxidation, coatings, and
cathodic protection. Prerequisite: ECE 350.

MSE 440 Mechanical Properties of Solids.
3)s

Effects of environmental and microstructural
variables of mechanical properties, including
plastic deformation, fatigue, creep, brittle frac-
ture, and internal friction. Prerequisite: ECE
350.

MSE 441 Analysis of Material Failures. (3)
S

Identification of types of failures. Analytical
techniques. Fractography, SEM, nondestruc-
tive inspection, and metallography. Mechani-
cal and electronic components. Prerequisite:
ECE 350.

MSE 450 X-ray and Electron Diffraction.  (3)
F

Fundamentals of X-ray diffraction, transmis-
sion electron microscopy, and scanning elec-
tron microscopy. Techniques for studying sur-
faces, internal microstructures, and fluor-
escence. Lecture, demonstrations. Prerequi-
site: ECE 350.

MSE 453 Experiments in Materials Synthe-
sis and Processing Il.  (2) F

A continuation of MSE 354, with emphasis on
characterization. Small groups complete three
experiments supervised by selected faculty
members. Lab. Prerequisites: MSE 353 and
354 or equivalents.

MSE 454 Advanced Materials Processing
and Synthesis. (3) S

Case studies from published literature of cur-
rent techniques in materials processing and
synthesis. Student participation in classroom
presentations. Lecture, recitation. Prerequi-
sites: MSE 353 and 354 or equivalents.

MSE 470 Polymers and Composites. (3) F
Relationship between chemistry, structure,
and properties of engineering polymers. De-
sign, properties, and behavior of fiber com-
posite systems. Cross-listed as MAE 455.
Prerequisite: ECE 350.

MSE 471 Introduction to Ceramics. (3) F
Principles of structure and property relations
in ceramic materials. Processing techniques.
Applications in mechanical, electronic, and su-
perconducting systems. Prerequisite: ECE
350.

MSE 472 Integrated Circuit Materials Sci-
ence. (3) N

Principles of materials science applied to
semiconductor processing and fabrication in
metals, ceramics, polymers, and semiconduc-
tors. Prerequisite: ECE 350.

MSE 482 Materials Engineering Design.  (3)
F, S

Principles of the design process. Feasibility
and optimization. Manufacturing processes,
materials selection, failure analysis, and eco-
nomics. Prerequisites: ECE 313, 350.

MSE 490 Capstone Design Project.
S

For small groups in fundamental or applied
aspects of engineering materials; emphasis
on experimental problems and design. Prereg-
uisites: MSE 430, 440, 450.

MSE 496 Professional Seminar. (1-3) F, S
Professional and ethical aspects with a dis-
cussion of responsibilities. Lectures, field trips.
Prerequisite: instructor approval.

MSE 510 X-ray and Electron Diffraction.  (3)
F

Fundamentals of X-ray diffraction, transmis-
sion electron microscopy, and scanning elec-
tron microscopy. Techniques for studying sur-
faces, internal microstructures, and fluor-
escence. Lecture, demonstrations. Prerequi-
site: transition student with instructor approval.

MSE 511 Corrosion and Corrosion Control.
3)s

Introduction to corrosion mechanisms and
methods of preventing corrosion. Topics in-
clude the following: electrochemistry, polariza-
tion, corrosion rates, oxidation, coatings, and
cathodic protection. Prerequisite: transition
student with instructor approval.

MSE 512 Analysis of Material Failures. (3)
S

Identification of types of failures. Analytical
techniques. Fractography, SEM, nondestruc-
tive inspection, and metallography. Mechani-
cal and electronic components. Prerequisite:
transition student with instructor approval.

(1-3) F,

MSE 513 Polymers and Composites. (3) F
Relationship between chemistry, structure,
and properties of engineering polymers. De-
sign, properties, and behavior of fiber com-
posite systems.

MSE 514 Physical Metallurgy. (4) F

Crystal structure and defects. Phase dia-
grams, metallography, solidification and cast-
ing, and deformation and annealing. Lecture,
lab. Prerequisite: transition student with in-
structor approval.

MSE 515 Thermodynamics of Materials.  (3)
N

Principles of statistical mechanics, statistical
thermodynamics of single crystals, solutions,
phase equilibrium, free energy of reactions,
free electron theory, and thermodynamics of
defects. Prerequisite: transition student with
instructor approval.

MSE 516 Mechanical Properties of Solids.
®3)s

Effects of environmental and microstructional
variables of mechanical properties, including
plastic deformation, fatigue, creep, brittle frac-
ture, and internal friction. Prerequisite: transi-
tion student with instructor approval.

MSE 517 Introduction to Ceramics. (3) F
Principles of structure, property relations in
ceramic materials. Processing techniques. Ap-
plications in mechanical, electronic, and su-
perconducting systems. Prerequisite: transi-
tion student with instructor approval.

MSE 518 Integrated Circuits Materials Sci-
ence. (3) N

Principles of materials science applied to
semiconductor processing and fabrication in
metals, ceramics, polymers, and semiconduc-
tors. Prerequisite: transition student with in-
structor approval.

MSE 520 Theory of Crystalline Solids. (3) F
Anisotropic properties of crystals; tensor treat-
ment of elastic, magnetic, electric and thermal
properties, and crystallography of Martensitic
transformations.

MSE 521 Defects in Crystalline Solids. (3) S
Introduction to the geometry, interaction, and
equilibrium between dislocations and point de-
fects. Relations between defects and proper-
ties will be discussed. Prerequisite: ECE 350
or instructor approval.

MSE 530 Materials Thermodynamics and
Kinetics. (3) S

Thermodynamics of alloy systems, diffusion in
solids, kinetics of precipitation, and phase
transformations in solids. Prerequisites: ECE
340, 350.

MSE 540 Fracture, Fatigue, and Creep. (3)
F

Relationship between microstructure and frac-
ture; fatigue and creep properties of materials.
Environmental effects and recent develop-
ments. Current theories and experimental re-
sults. Prerequisite: MSE 440 or equivalent.
MSE 550 Advanced Materials Characteriza-
tion. (3) N

Analytical instrumentation for characterization
of materials; SEM, SIMS, Auger, analytical
TEM, and other advanced research tech-
niques.

NOTE: For the General Studies requirement, codes (such as L1, N3, C, and H), and courses, see pages 84-108. For graduation requirements,
see pages 79-83. For omnibus courses offered but not listed in this catalog, see pages 56-57.
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Sean Dengler demonstrates equipment in the Integrated Manufacturing Engineering
Laboratory. Created by partnerships between the university and the high-tech industry,

the lab offers students practical experience in engineering and manufacturing.
Tim Trumble photo

MSE 556 Electron Microscopy Laboratory.
) F

Lab support for MSE 558. Cross-listed as
SEM 556. Pre- or corequisite: MSE/SEM 558.

MSE 557 Electron Microscopy Laboratory.
3)s

Lab support for MSE 559. Cross-listed as
SEM 557. Pre- or corequisite: MSE/SEM 559.

MSE 558 Electron Microscopy I.  (3) F
Microanalysis of the structure and composition
of materials using images, diffraction and X-
ray, and energy loss spectroscopy. Knowl-
edge of elementary crystallography, reciprocal
lattice, stereographic projections, and complex
variables is required. Cross-listed as SEM
558. Prerequisite: instructor approval.

MSE 559 Electron Microscopy Il.  (3) S
Microanalysis of the structure and composition
of materials using images, diffraction and X-
ray, and energy loss spectroscopy. Knowl-
edge of elementary crystallography, reciprocal
lattice, stereographic projections, and complex
variables is required. Cross-listed as SEM
559. Prerequisite: instructor approval.

MSE 560 Strengthening Mechanisms. (3) S
Deformation of crystalline materials. Proper-
ties of dislocations. Theories of strain harden-
ing, solid solution, precipitation, and transfor-
mation strengthening. Prerequisite: ECE 350
or equivalent.

MSE 561 Phase Transformation in Solids.
B)N

Heterogeneous and homogeneous precipita-
tion reactions, shear displacive reactions, and
order-disorder transformation.

MSE 562 lon Implantation. (3) S

Includes defect production and annealing.
Generalized treatment, including ion implanta-
tion, neutron irradiation damage, and the inter-
action of other incident beams. Prerequisite:
MSE 450.

MSE 570 Polymer Structure and Proper-

ties. 3) F

Relationships between structure and proper-
ties of synthetic polymers, including glass
transition, molecular relaxations, crystalline
state viscoelasticity, morphological character-
ization, and processing.

MSE 571 Ceramics. (3) A

Includes ceramic processing, casting, mold-
ing, firing, sintering, crystal defects, and me-
chanical, electronic, and physical properties.
Prerequisites: MSE 521, 561.

MSE 573 Magnetic Materials. (3) A
Emphasis on ferromagnetic and ferrimagnetic
phenomena. Domains, magnetic anisotrophy,
and magnetastriction. Study of commercial
magnetic materials. Prerequisite: MSE 520 or
equivalent.



