

















Henry Samueli School of Engineering and Applied Science

Advanced Placement Credit

All units and course equivalents to AP Tests are lower division. If an AP Test has been given UCLA course equivalency (e.g., Economics 2),
it may not be repeated at UCLA for units or grade points.

AP Test Score UCLA Lower Division Units and Credit Allowed for University and GE
Course Equivalents Requirements
Art History 3,4,0r5 8 excess units No application
Art, Studio 8 units maximum for all tests
Drawing Portfolio 3,4,0r5 8 excess units No application
Two-Dimensional Design Portfolio 3,4,0r5 8 excess units No application
Three-Dimensional Design Portfolio 3,4,0r5 8 excess units No application
Biology 3,4,0r5 8 excess units No application
Chemistry 3 8 excess units No application
4or5 4 units (may petition for Chemistry 20A) plus 4 No application
excess units
Computer Science 4 units maximum for both tests
Computer Science (A Test) 3,4,0r5 2 excess units No application
Computer Science (AB Test) 3,4,0r5 4 excess units No application
Economics
Macroeconomics 3 4 excess units No application
4 Economics 2 (4 excess units) No application
5 Economics 2 (4 units) 4 units toward social analysis GE
Microeconomics 3 4 excess units No application
4 Economics 1 (4 excess units) No application
5 Economics 1 (4 units) 4 units toward social analysis GE
English 8 units maximum for both tests
Language and Composition 3 8 excess units Satisfies Entry-Level Writing Requirement
4or5 English Composition 3 (5 units) plus 3 excess Satisfies Entry-Level Writing Requirement
units
Literature and Composition 3 8 excess units Satisfies Entry-Level Writing Requirement
4or5 En_gt;Iish Composition 3 (5 units) plus 3 excess Satisfies Entry-Level Writing Requirement
units
Environmental Science 3,4,0r5 4 excess units No application
Geography, Human 3,4,0r5 4 excess units No application
Government and Politics
Comparative 3,4,0r5 4 excess units No application
United States 3,4,0r5 4 excess units Satisfies American History and Institutions
Requirement
History
European 3 4 excess units No application
4orb5 8 excess units No application
United States 3,4,0r5 8 excess units Satisfies American History and Institutions
Requirement
World 3,4,0r5 8 excess units No application
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basis if they are in good academic stand-
ing and are enrolled in at least three and
one-half courses (14 units) for the term. For
details on P/NP grading, see Grading in
the Academic Policies section of the UCLA
General Catalog or consult the Office of
Academic and Student Affairs.

Requirements for Students Who
Entered Fall Quarter 2005 and
Thereafter

Writing Requirement

Students must complete the University’s
Entry-Level Writing or English as a Second
Language (ESL) requirement prior to com-
pleting the school writing requirement.

Students admitted to the school are
required to complete a two-term writing
requirement-W riting | and Writing II. Two
courses in English composition are
required for graduation. Both courses must
be taken for a letter grade, and students
must receive grades of C or better (C—
grades are not acceptable).

Writing |

The Writing | requirement must be satisfied
by completing English Composition 3 or
3H with a grade of C or better (C—or a
Passed grade is not acceptable) by the
end of the second year of enrollment.

The Writing | requirement may also be sat-
isfied by scoring 4 or 5 on one of the Col-

lege Board Advanced Placement Tests in

English or a combination of a score of 720
or better on the SAT Reasoning Test Writing
Section and superior performance on the

English Composition 3 Proficiency Exami-

nation.

Students whose native language is not
English may satisfy the Writing | require-
ment by completing English as a Second
Language 36 with a grade of C or better
(C— or a Passed grade is not acceptable).
Admission into the course is determined by
completion of English as a Second Lan-
guage 35 with a passing grade or profi-
ciency demonstrated on the English as a
Second Language Placement Examina-
tion (ESLPE).

Writing Il

The Writing Il requirement is satisfied by
selecting one approved writing (W) course
from the HSSEAS GE foundations course
list. Writing Il course lists are also available
in the Office of Academic and Student
Affairs. The course must be completed

with a grade of C or better (C— or a Passed
grade is not acceptable).
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Ethics Requirement

HSSEAS majors are required to satisfy the
ethics and professionalism requirement by
completing one course from Engineering
183 or 185 for a letter grade.

Foundations of Knowledge

General education courses are grouped
into three foundational areas: Foundations
of the Arts and Humanities, Foundations of
Society and Culture, and Foundations of
Scientific Inquiry.

Five courses (24 units minimum) are
required. One of the five courses must be a
GE-approved Writing Il (W) course.

Students must meet with a counselor in the
Office of Academic and Student Affairs to
determine the applicability of GE Cluster
courses toward Writing Il or GE require-
ments.

Courses listed in more than one category
can fulfill GE requirements in only one of
the cross-listed categories.

Foundations of the Arts and Humanities
Two 5-unit courses selected from two dif-
ferent subgroups:

Literary and Cultural Analysis
Philosophical and Linguistic Analysis
Visual and Performance Arts Analysis and
Practice

The aim of courses in this area is to provide
perspectives and intellectual skills neces-
sary to comprehend and think critically
about our situation in the world as human
beings. In particular, the courses provide
the basic means to appreciate and evalu-
ate the ongoing efforts of humans to
explain, translate, and transform their
diverse experiences of the world through
such media as language, literature, philo-
sophical systems, images, sounds, and
performances. The courses introduce stu-
dents to the historical development and
fundamental intellectual and ethical issues
associated with the arts and humanities
and may also investigate the complex rela-
tions between artistic and humanistic
expression and other facets of society and
culture.

Foundations of Society and Culture
Two 5-unit courses, one from each sub-
group:

Historical Analysis

Social Analysis

The aim of courses in this area is to intro-
duce students to the ways in which
humans organize, structure, rationalize,
and govern their diverse societies and cul-

tures over time. The courses focus on a
particular historical question, societal prob-
lem, or topic of political and economic con-
cern in an effort to demonstrate how issues
are objectified for study, how data is col-
lected and analyzed, and how new under-
standings of social phenomena are
achieved and evaluated.

Foundations of Scientific Inquiry

One course (4 units minimum) from the Life
Sciences subgroup or one course from
Biomedical Engineering CM145/Chemical
Engineering CM145, Chemistry and Bio-
chemistry 153A, or Civil and Environmental
Engineering M166/Environmental Health
Sciences M166:

Life Sciences

This requirement is automatically satisfied
for Bioengineering majors, Chemical Engi-
neering majors, and the biomedical engi-
neering option of the Electrical Engineering
major. The requirement may be satisfied for
Civil Engineering majors if students select
an approved major field elective that is
also a course approved under Foundations
of Scientific Inquiry.

The aim of courses in this area is to ensure
that students gain a fundamental under-
standing of how scientists formulate and
answer questions about the operation of
both the physical and biological world. The
courses also deal with some of the most
important issues, developments, and
methodologies in contemporary science,
addressing such topics as the origin of the
universe, environmental degradation, and
the decoding of the human genome.
Through lectures, laboratory experiences,
writing, and intensive discussions, stu-
dents consider the important roles played
by the laws of physics and chemistry in
society, biology, Earth and environmental
sciences, and astrophysics and cosmol-
ogy.

Foundations Course Lists

Creating and maintaining a general educa-
tion curriculum is a dynamic process; con-
sequently, courses are frequently added to
the list. For the most current list of
approved courses that satisfy the Founda-
tions of Knowledge GE plan, consult an
academic counselor or see http://www
registrar.ucla.edu/ge/GE-EngrNew07-08
Jpdf.

Requirements for Students Who
Entered Prior to Fall Quarter 2005

For the approved list of courses, see http://
www.seasoasa.ucla.edu/ge.html.



Department Requirements

Henry Samueli School of Engineering and
Applied Science departments generally
set two types of requirements that must be
satisfied for the award of the degree: (1)
Preparation for the Major (lower division
courses) and (2) the Major (upper division
courses). Preparation for the Major courses
should be completed before beginning
upper division work.

Preparation for the Major

A major requires completion of a set of
courses known as Preparation for the
Major. Each department sets its own Prep-
aration for the Major requirements; see the
Departments and Programs section of this
announcement.

The Major

Students must complete their major with a
scholarship average of at least a 2.0 (C) in
all courses in order to remain in the major.
All courses in the major department must
be taken for a letter grade. See the Depart-
ments and Programs section of this
announcement for details on each major.

Policies and Regulations

Degree requirements are subject to poli-
cies and regulations, including the follow-

ing:

Student Responsibility

Students should take advantage of aca-
demic support resources, but they are ulti-
mately responsible for keeping informed of
and complying with the rules, regulations,
and policies affecting their academic
standing.

Study List

Study Lists require approval of the dean of
the school or a designated representative.
It is the student’s responsibility to present
a Study List that reflects satisfactory
progress toward the Bachelor of Science
degree, according to standards set by the
faculty. Study Lists or programs of study
that do not comply with these standards
may result in enforced withdrawal from the
University or other academic action.

Undergraduate students in the school are
expected to enroll in at least 12 units each
term. Students enrolling in less than 12
units must obtain approval by petition to
the dean prior to enrollment in courses.
The normal program is 16 units per term.
Students may not enroll in more than 21

units per term unless an Excess Unit Peti-
tion is approved in advance by the dean.

Minimum Progress

Full-time HSSEAS undergraduate students
must complete a minimum of 36 units in
three consecutive terms in which they are
registered.

Credit Limitations

Some portions of Advanced Placement
(AP) Test credit are evaluated by corre-
sponding UCLA course number. If stu-
dents take the equivalent UCLA course, a
deduction of UCLA unit credit is made
prior to graduation. See the AP chart.

Credit earned through the College Level
Examination Program (CLEP) may not be
applied toward the bachelor’s degree.

After students have completed 105 quarter
units (regardless of where the units are
completed), they do not receive unit credit
or subject credit for courses completed at
a community college.

No credit is granted toward the bachelor’s
degree for college foreign language
courses equivalent to quarter levels one
and two if the equivalent of level two of
the same language was completed with
satisfactory grades in high school.

Double Majors

Students in good academic standing may
be permitted to have a double major con-
sisting of a major within HSSEAS and a
major outside the school (e.g., Electrical
Engineering and Economics). Students are
not permitted to have a double major within
the school (e.g., Chemical Engineering
and Civil Engineering). Contact the Office
of Academic and Student Affairs for
details.

Advising

It is mandatory for all students entering
undergraduate programs to have their
course of study approved by an academic
counselor. After the first term, curricular
and career advising is accomplished on a
formal basis. Students are assigned a fac-
ulty adviser in their particular specialization
in their sophomore year or earlier.

In addition, all undergraduate students are
assigned, by major, to an academic coun-
selor in the Office of Academic and Stu-
dent Affairs who provides them with advice
regarding general requirements for the
degrees and University and school regula-
tions and procedures. It is the students’

responsibility to periodically meet with their
academic counselor in the Office of Aca-
demic and Student Affairs, as well as with
their faculty adviser, to discuss curriculum
requirements, programs of study, and any
other academic matters of concern.

Curricula Planning Procedure

1. Students normally follow the curriculum
in effect when they enter the school.
California community college transfers
may also select the curriculum in the
catalog in effect at the time they began
their community college work in an
engineering program, providing atten-
dance has been continuous since that
time.

2. HSSEAS undergraduate students fol-
lowing a catalog year prior to 2006-07
may use the computerized HSSEAS
Academic Program Planner (APP), an
interactive self-advising system that
informs users if their academic pro-
grams meet the requirements for grad-
uation. Students beginning upper
division coursework in the major are
required to submit an Academic Pro-
gram Proposal to the Office of Aca-
demic and Student Affairs for approval
by the associate dean. Students follow-
ing the 2006-07 catalog year and there-
after will be notified by the Office of
Academic and Student Affairs of a new
program called Degree Audit Reporting
System (DARS).

The student’s regular faculty adviser is
available to assist in planning electives and
for discussions regarding career objec-
tives. Students should discuss their elec-
tive plan with the adviser and obtain the
adviser’s approval.

Students should also see any member or
members of the faculty specially qualified
in their major for advice in working out a
program of major courses.

Students are assigned to advisers by
majors and major fields of interest. A spe-
cific adviser or an adviser in a particular
engineering department may be requested
by submitting a Request for Assignment to
Faculty Adviser form available in the Office
of Academic and Student Affairs.

Academic counselors in the Office of Aca-
demic and Student Affairs assist students
with University procedures and answer

questions related to general requirements.
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Honors

Dean’s Honors List

Students following the engineering curric-
ula are eligible to be named to the Dean’s
Honors List each term. Minimum require-
ments are a course load of at least 15 units
(12 units of letter grade) with a grade-point
average equal to or greater than 3.7. Stu-
dents are not eligible for the Dean’s Honors
List if they receive an Incomplete (1) or Not
Passed (NP) grade or repeat a course.
Only courses applicable to an undergradu-
ate degree are considered toward eligibility
for Dean’s Honors.
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Latin Honors

Students who have achieved scholastic
distinction may be awarded the bachelor’s
degree with honors. Students eligible for
2007-08 University honors at graduation
must have completed 90 or more units for
a letter grade at the University of California
and must have attained a cumulative
grade-point average at graduation which
places them in the top five percent of the
school (GPA of 3.892 or better) for summa
cum laude, the next five percent (GPA of
3.742 or better) for magna cum laude, and
the next 10 percent (GPA of 3.615 or bet-
ter) for cum laude. The minimum GPAs
required are subject to change on an
annual basis. Required GPAs in effect in
the graduating year determine student eli-

gibility.

Based on grades achieved in upper divi-
sion courses, engineering students must
have a 3.892 grade-point average for
summa cum laude, a 3.742 for magna cum
laude, and a 3.615 for cum laude. For all
designations of honors, students must
have a minimum 3.25 GPA in their major
field courses. To be eligible for an award,
students should have completed at least
80 upper division units at the University of
California.



Graduate Programs

The Henry Samueli School of Engineering
and Applied Science (HSSEAS) offers
courses leading to the Master of Science
and Doctor of Philosophy degrees, to the
Master of Science in Engineering online
degree, to the Master of Engineering
degree, and to the Engineer degree. The
school is divided into seven departments
that encompass the major engineering
disciplines: aerospace engineering,
bioengineering, chemical engineering, civil
engineering, computer science, electrical
engineering, manufacturing engineering,
materials science and engineering, and
mechanical engineering. It also offers a
graduate interdepartmental degree pro-
gram in biomedical engineering. Graduate
students are not required to limit their stud-
ies to a particular department and are
encouraged to consider related offerings in
several departments.

Also, a one-year program leading to a
Certificate of Specialization is offered in
various fields of engineering and applied
science.

Master of Science Degrees

The Henry Samueli School of Engineering
and Applied Science offers the M.S.
degree in Aerospace Engineering, Bio-
medical Engineering, Chemical Engineer-
ing, Civil Engineering, Computer Science,
Electrical Engineering, Manufacturing
Engineering, Materials Science and Engi-
neering, and Mechanical Engineering. The
thesis plan requires seven formal courses
and a thesis, which may be written while
the student is enrolled in two individual
study courses. The comprehensive exami-
nation plan requires nine formal courses
and a comprehensive examination. In
some fields students may be allowed to
use the Ph.D. major field examination to
satisfy the M.S. comprehensive examina-
tion requirement. Full-time students com-
plete M.S. programs in an average of five
terms of study (about a year and a half). To
remain in good academic standing, an
M.S. student must obtain a 3.0 grade-point
average overall and a 3.0 GPA in graduate
courses.

Master of Science in
Engineering Online Degree

The primary purpose of the new Master of
Science in Engineering online degree pro-

gramis to enable employed engineers and
computer scientists to augment their tech-
nical education beyond the baccalaureate
level and to enhance their value to the
technical organizations in which they are
employed. For further information, see
http:// www.engineer.ucla.edu.

Master of Engineering
Degree

The Master of Engineering (M.Engr.)
degree is granted to graduates of the Engi-
neering Executive Program, a two-year
work-study program consisting of gradu-
ate-level professional courses in the man-
agement of technological enterprises. For
details, write to the HSSEAS Office of Aca-
demic and Student Affairs, 6426 Boelter
Hall, UCLA, Box 951601, Los Angeles, CA
90095-1601, (310) 825-2514.

Engineer Degree

The Engineer (Engr.) degree is similar to
the Ph.D. degree in that the program of
study is built around a major and two minor
fields, and the preliminary written and oral
examinations are the same. However, a
dissertation is not required. Unlike the
Ph.D. degree, the Engineer degree does
have a formal course requirement of a
minimum of 15 (at least nine graduate)
courses beyond the bachelor’s degree,
with at least six courses in the major field
(minimum of four graduate courses) and at
least three in each minor field (minimum of
two graduate courses in each).

Ph.D. Degrees

The Ph.D. programs prepare students for
advanced study and research in the major
areas of engineering and computer sci-
ence. To complete the Ph.D. all candidates
must fulfill the minimum requirements of the
Graduate Division. Major and minor fields
may have additional course and examina-
tion requirements. For further information,
contact the individual departments. To
remain in good academic standing, a
Ph.D. student must obtain an overall
grade-point average of 3.25.

Established Fields of Study
for the Ph.D.

Students may propose other fields of study
when the established fields do not meet
their educational objectives.

Biomedical Engineering
Interdepartmental Program

Bioacoustics, speech, and hearing

Biocybernetics

Biomechanics, biomaterials, and tissue
engineering

Biomedical instrumentation

Biomedical signal and image processing
and bioinformatics

Medical imaging informatics
Molecular and cellular bioengineering
Neuroengineering

Chemical and Biomolecular
Engineering Department

Chemical engineering

Civil and Environmental
Engineering Department

Environmental engineering
Geotechnical engineering

Hydrology and water resources
engineering

Structures (structural mechanics and
earthquake engineering)

Computer Science Department
Artificial intelligence

Computational systems biology
Computer networks

Computer science theory

Computer system architecture
Graphics and vision

Information and data management
Software systems

Electrical Engineering
Department

Circuits and embedded systems
Physical and wave electronics
Signals and systems

Materials Science and
Engineering Department

Ceramics and ceramic processing
Electronic and optical materials
Structural materials
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Mechanical and Aerospace
Engineering Department

Applied mathematics (established minor
field only)

Applied plasma physics (minor field only)
Dynamics

Fluid mechanics

Heat and mass transfer

Manufacturing and design

Nanoelectromechanical/microelectrome-
chanical systems (NEMS/MEMS)

Structural and solid mechanics

Systems and control

For more information on specific research
areas, contact the individual faculty mem-
ber in the field that most closely matches
the area of interest.

Admission

Applications for admission are invited from
graduates of recognized colleges and uni-
versities. Selection is based on promise of
success in the work proposed, which is
judged largely on the previous college
record.
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Candidates whose engineering back-
ground is judged to be deficient may be
required to take additional coursework that
may not be applied toward the degree. The
adviser helps plan a program to remedy
any such deficiencies, after students arrive
at UCLA.

Entering students normally are expected to
have completed the B.S. degree require-
ments with at least a 3.0 grade-point aver-
age in all coursework taken in the junior
and senior years.

Students entering the Engineer/Ph.D. pro-
gram normally are expected to have com-
pleted the requirements for the master’s
degree with at least a 3.25 grade-point
average and to have demonstrated cre-
ative ability. Normally the M.S. degree is
required for admission to the Ph.D. pro-
gram. Exceptional students, however, can
be admitted to the Ph.D. program without
having an M.S. degree.

For information on the proficiency in
English requirements for international grad-
uate students, see Graduate Admission in
the Graduate Study section of the UCLA
General Catalog or refer to http:/fwww
.gdnet.ucla.edu/gasaa/admissions/
INTLREQT.HTM.

To submit a graduate application, see http://
www.seasoasa.ucla.edu/adm_grad.html.
From there connect to the site of the pre-
ferred department or program and go to
the online graduate application.

Graduate Record
Examination

Applicants to the HSSEAS graduate pro-
grams are required to take the General Test
of the Graduate Record Examination
(GRE). Specific information about the GRE
may be obtained from the department of
interest.

Obtain applications for the GRE by con-
tacting the Educational Testing Service,
P.O. Box 6000, Princeton, NJ 08541-6000;
http://www.gre.org.



Departments and Programs of the School

Bioengineering

UCLA

7523 Boelter Hall

Box 951600

Los Angeles, CA 90095-1600

(810) 267-4985

fax: (310) 794-5956

e-mail: bioeng@ea.ucla.edu
http://www.bioeng.ucla.edu

Timothy J. Deming, Ph.D., Chair

Professors

Denise Aberle, M.D.

Timothy J. Deming, Ph.D.

Warren S. Grundfest, M.D., FACS
Edward R.B. McCabe, M.D., Ph.D.

Associate Professors

James Dunn, M.D., Ph.D.
Benjamin M. Wu, D.D.S., Ph.D.

Assistant Professors

Daniel T. Kamei, Ph.D.
Andrea M. Kasko, Ph.D.
Jacob J. Schmidt, Ph.D.

Adjunct Professor
Alfred Mann, M.S.

Adjunct Assistant Professor
Bill J. Tawil, M.B.A., Ph.D.

Scope and Objectives

Faculty members in the Department of
Bioengineering believe that the interface
between biology and the physical sci-
ences represents an exciting area for sci-
ence in the twenty-first century.
Bioengineering has established itself as an
independent field and engineering disci-
pline, resulting in the formation of many
new bioengineering departments and the
redefinition of established programs. Fac-
ulty members have embraced this unique
opportunity by developing an innovative
curriculum, creating state-of-the-art facili-
ties, and performing cutting-edge
research.

Instead of treating bioengineering as an
application of traditional engineering, it is
taught as an applied science discipline in
its own right. The bioengineering program
is a structured compilation of unique for-
ward-looking courses dedicated to pro-
ducing graduates who are well-grounded
in the fundamental sciences and highly
proficient in rigorous analytical engineering
tools necessary for lifelong success in the
wide range of possible bioengineering
careers. The program provides a unique

engineering educational experience that
responds to the growing needs and
demands of bioengineering.

Department Mission

Bioengineering is a diverse multidisci-
plinary field that has established itself as
an independent engineering discipline.
The school is developing a small yet inno-
vative Bioengineering Department that is
dedicated to producing graduates who are
well-grounded in fundamental sciences
and the rigorous analytical engineering
tools necessary for lifelong success in the
many possible bioengineering careers.

Undergraduate Program
Objectives

The goal of the bioengineering curriculum
is to provide students with the fundamental
scientific knowledge and engineering tools
necessary for graduate study in engineer-
ing or scientific disciplines, continued
education in health professional schools,
or employment in industry. There are three
main objectives: (1) to provide students
with rigorous training in engineering and
fundamental sciences, (2) to provide
knowledge and experience in state-of-
the-art research in bioengineering, and

(3) to provide problem-solving and team-
building skills to succeed in a career in
bioengineering.

Undergraduate Study
Bioengineering B.S.

Preparation for the Major

Required: Bioengineering 10; Chemistry
and Biochemistry 20A, 20B, 20L, 30A,
30AL, 30B, 30BL; Computer Science 31;
Life Sciences 2 (satisfies HSSEAS GE life
sciences requirement), 3, 4; Mathematics
31A, 31B, 32A, 32B, 33A, 33B; Physics 1A,
1B, 1C, 4AL, 4BL.

The Major

Required: Bioengineering 100, 110, 120,
165, 176, 180, 180L, 181, 181L, 182A,
182B, 182C, Chemistry and Biochemistry
153A; three technical breadth courses (12
units) selected from an approved list avail-
able in the Office of Academic and Student
Affairs; and two major field elective
courses (8 units) from Biomedical Engi-
neering C101, CM102, CM103, CM145,
CM150, CM150L, C170, C171, CM180,
C181,C185, C187.

For information on University and general
education requirements, see Requirements
for B.S. Degrees on page 19 or http://
www.registrar.ucla.edu/ge/GE-EngrNew
07-08.pdf.

Graduate Study

Although the graduate program in bioengi-
neering is currently being developed, indi-
viduals who would like to conduct research

The first graduating class of UCLA bioengineers at commencement on June 16, 2007
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in the laboratories of the professors in the
Bioengineering Department should apply
to the graduate program in the Biomedical
Engineering Interdepartmental Program
(http://www.bme.ucla.edu).

Faculty Areas of Thesis
Guidance

Professors

Denis Aberle, M.D. (Kansas, 1979)
Medical imaging informatics: imaging-based
clinical trials, medical data visualization
Timothy J. Deming, Ph.D. (UC Berkeley, 1993)
Polymer synthesis, polymer processing,
supramolecular materials, organometallic
catalysis, biomimetic materials, polypeptides

Warren S. Grundfest, M.D., FACS (Columbia,
1980)
Excimer laser, minimally invasive surgery,
biological spectroscopy

Edward R.B. McCabe, Ph.D. (USC, 1972), M.D.
(USC, 1974)
Stem cell identification, regenerative
medicine, systems biology

Associate Professors

James Dunn, M.D., Ph.D. (Harvard, MIT, 1992)
Tissue engineering, stem cell therapy,
regenerative medicine

Benjamin M. Wu, D.D.S. (U. Pacific, 1987), Ph.D.
(MIT, 1997)
Biomaterials, cell-material interactions,
materials processing, tissue engineering,
prosthetic and regenerative dentistry

Assistant Professors

Daniel T. Kamei, Ph.D. (MIT, 2001)
Molecular cell bioengineering, rational design
of molecular therapeutics, systems-level
analyses of cellular processes, molecular
modeling, quantitative cell biology

Andrea M. Kasko, Ph.D. (U. Akron, 2004)
Polymer synthesis, biomaterials, tissue
engineering, cell-material interactions

Jacob J. Schmidt, Ph.D. (Minnesota, 1999)
Bioengineering and biophysics at micro and
nanoscales, membrane protein engineering,
biological-inorganic hybrid devices

Adjunct Assistant Professor

Bill J. Tawil, M.B.A. (Cal Lutheran, 2006), Ph.D.
(McGill, 1992)
Skin tissue engineering, bone tissue
engineering, vascular tissue engineering,
wound healing

Lower Division Courses

10. Introduction to Bioengineering. (2) Lecture,
two hours; outside study, four hours. Preparation:
high school biology, chemistry, mathematics, physics.
Introduction to scientific and technological bases for
established and emerging subfields of bioengineer-
ing, including biosensors, bioinstrumentation, and bi-
osignal processing, biomechanics, biomaterials, tis-
sue engineering, biotechnology, biological imaging,
biomedical optics and lasers, neuroengineering, and
biomolecular machines. Letter grading.

Mr. Deming (W,Sp)
19. Fiat Lux Freshman Seminars. (1) Seminar, one
hour. Discussion of and critical thinking about topics
of current intellectual importance, taught by faculty
members in their areas of expertise and illuminating
many paths of discovery at UCLA. P/NP grading.
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99. Student Research Program. (1 to 2) Tutorial

(supervised research or other scholarly work), three
hours per week per unit. Entry-level research for low-
er division students under guidance of faculty mentor.
Students must be in good academic standing and en-
rolled in minimum of 12 units (excluding this course).
Individual contract required; consult Undergraduate
Research Center. May be repeated. P/NP grading.

Upper Division Courses

100. Bioengineering Fundamentals. (4) Lecture,
four hours; discussion, one hour; outside study, sev-
en hours. Requisites or corequisites: Electrical Engi-
neering 1 or Physics 1C, and Mathematics 32B. Fun-
damental basis for analysis and design of biological
and biomedical devices and systems. Classical and
statistical thermodynamic analysis of biological sys-
tems. Material, energy, charge, and force balances.
Introduction to network analysis. Letter grading.

Mr. Kamei (W)

110. Biotransport and Bioreaction Processes. (4)
Lecture, four hours; discussion, one hour; outside
study, seven hours. Requisites: course 100, Comput-
er Science 31 or Mechanical and Aerospace Engi-
neering 20, Mathematics 33B. Introduction to analy-
sis of fluid flow, heat transfer, mass transfer, binding
events, and biochemical reactions in systems of in-
terest to bioengineers, including cells, tissues, or-
gans, human body, extracorporeal devices, tissue en-
gineering systems, and bioartificial organs. Introduc-
tion to pharmacokinetic analysis. Letter grading.

Mr. Kamei (Sp)

120. Biomedical Transducers. (4) Lecture, four
hours; discussion, one hour; outside study, seven
hours. Requisites: Chemistry 14C or 30A, Electrical
Engineering 1 or Physics 1C, Mathematics 32B. Prin-
ciples of transduction, design characteristics for dif-
ferent measurements, reliability and performance
characteristics, and data processing and recording.
Emphasis on silicon-based microfabricated and
nanofabricated sensors. Novel materials, biocompati-
bility, biostability. Safety of electronic interfaces. Actu-
ator design and interfacing control. Letter grading.
Mr. Grundfest, Mr. Schmidt (W

M131. Nanopore Sensing. (4) (Same as Biomedical
Engineering CM131.) Lecture, four hours; discus-
sion, one hour; outside study, seven hours. Requi-
sites: courses 100, 120, Life Sciences 2, 3, Physics
1A, 1B, 1C. Analysis of sensors based on measure-
ments of fluctuating ionic conductance through artifi-
cial or protein nanopores. Physics of pore conduc-
tance. Applications to single molecule detection and
DNA sequencing. Review of current literature and
technological applications. History and instrumenta-
tion of resistive pulse sensing, theory and instrumen-
tation of electrical measurements in electrolytes, nan-
opore fabrication, ionic conductance through pores
and GHK equation, patch clamp and single channel
measurements and instrumentation, noise issues,
protein engineering, molecular sensing, DNA se-
quencing, membrane engineering, and future direc-
tions of field. Letter grading. Mr. Schmidt (F)

165. Bioethics and Regulatory Policies in
Bioengineering. (4) Lecture, four hours; discussion,
two hours; outside study, six hours. Requisite: course
180. As bridge connecting biomedicine with engi-
neering professionals, bioengineers face ethical chal-
lenges of both and from those resulting from conflicts
between motivation to use most promising technolo-
gy and motivation to protect patients and research
subjects. They also face ethical challenges in juris-
prudence, not only in using patent law, but in testify-
ing for court cases that require bioengineering input,
and as teachers when they explain their professional
activities to others Introduction to scope of bioengi-
neering profession ethics, with emphasis on medical,
research, and engineering ethics due to case reports
being plentiful in these areas. Letter grading.

Mr. Wu (W)

M172. Design of Minimally Invasive Surgical
Tools. (4) (Same as Biomedical Engineering
CM172.) Lecture, three hours; discussion, two hours;
outside study, seven hours. Requisites: Chemistry
30B, Life Sciences 2, 3, Mathematics 32A. Introduc-
tion to design principles and engineering concepts
used in design and manufacture of tools for minimally
invasive surgery. Coverage of FDA regulatory policy
and surgical procedures. Topics include optical devic-
es, endoscopes and laparoscopes, biopsy devices,
laparoscopic tools, cardiovascular and interventional
radiology devices, orthopedic instrumentation, and
integration of devices with therapy. Examination of
complex process of tool design, fabrication, testing,
and validation. Preparation of drawings and consider-
ation of development of new and novel devices. Let-
ter grading. Mr. Grundfest (F)

176. Principles of Biocompatibility. (4) Lecture,
four hours; discussion, two hours; outside study, six
hours. Requisites: Chemistry 153A, Electrical Engi-
neering 1 or Physics 1C, Mathematics 33B. Biocom-
patibility at systemic, tissue, cellular, and molecular
levels. Biomechanical compatibility, stress/strain con-
stitutive equations, cellular and molecular response
to mechanical signals, biochemical and cellular com-
patibility, immune response. Letter grading.

Mr. Wu (F)

180. System Integration in Biology, Engineering,
and Medicine . (4) Lecture, three hours; discussion,
two hours; outside study, seven hours. Requisites:
courses 100, 110, 120, Life Sciences 3, Physics 4BL.
Corequisite: course 180L. Part | of two-part series.
Molecular basis of normal physiology and pathophys-
iology, and engineering design principles of cardio-
vascular and pulmonary systems. Fundamental engi-
neering principles of selected medical therapeutic
devices. Letter grading. Mr. Dunn, Mr. Wu (F)

180L. System Integration in Biology, Engineering,
and Medicine | Laboratory. (3) Lecture, one hour;
laboratory, four hours; clinical visits, three hours; out-
side study, one hour. Corequisite: course 180.
Hands-on experimentation and clinical applications
of selected medical therapeutic devices associated
with cardiovascular and pulmonary disorders. Letter
grading. Mr. Dunn, Mr. Wu (F)

181. System Integration in Biology, Engineering,
and Medicine Il. (4) Lecture, three hours; discus-
sion, two hours; outside study, seven hours. Requi-
site: course 180L. Corequisite: course 181L. Part Il of
two-part series. Molecular basis of normal physiology
and pathophysiology of selected organ systems; en-
gineering design principles of digestive and urinary
systems. Fundamental engineering principles of se-
lected medical therapeutic devices. Letter grading.
Mr. Dunn, Mr. Wu (W)

181L. System Integration in Biology, Engineering,
and Medicine Il Laboratory. (3) Lecture, one hour;
laboratory, four hours; clinical visits, three hours; out-
side study, one hour. Corequisite: course 181.
Hands-on experimentation and clinical applications
of molecular basis of normal physiology and patho-
physiology of selected organ systems; engineering
design principles of digestive and urinary systems.
Letter grading. Mr. Dunn, Mr. Wu (W)

182A-182B-182C. Bioengineering Capstone De-
sign 1, II, 1ll. (4-4-4) Lecture, two hours; laboratory,
six hours; outside study, four hours. Lectures, design
seminars, and discussions with faculty advisory pan-
el. Working in teams, students compete to develop in-
novative bioengineering solutions to meet specific set
of design criteria (design and make strongest self-as-
sembled biorobots or most stable UCLA logo or most
selective and efficient biomarker sensors, etc.). Letter
grading. 182A. Requisites: course 120, Physics 4BL.
Development, writing, and oral defense of student
design proposals. 182B. Requisite: course 182A. Ex-
ploration of different experimental and computational
methods. Ordering of specific materials and software
that are relevant to student projects. 182C. Requisite:
course 182B. Construction of student designs,
project updates, presentation of final projects in writ-
ten and oral format, and team competition.

Mr. Deming (F,W,Sp)



M183. Targeted Drug Delivery and Controlled
Drug Release. (4) (Same as Biomedical Engineer-
ing CM183.) Lecture, three hours; discussion, two
hours; outside study, seven hours. Requisites: Chem-
istry 20A, 20B, 20L. New therapeutics require com-
prehensive understanding of modern biology, physi-
ology, biomaterials, and engineering. Targeted deliv-
ery of genes and drugs and their controlled release
are important in treatment of challenging diseases
and relevant to tissue engineering and regenerative
medicine. Drug pharmacodynamics and clinical phar-
macokinetics. Application of engineering principles
(diffusion, transport, kinetics) to problems in drug for-
mulation and delivery to establish rationale for design
and development of novel drug delivery systems that
can provide spatial and temporal control of drug re-
lease. Introduction to biomaterials with specialized
structural and interfacial properties. Exploration of
both chemistry of materials and physical presentation
of devices and compounds used in delivery and re-
lease. Letter grading. Ms. Kasko (F)

188. Special Courses in Bioengineering. (4) Lec-
ture, four hours; discussion, one hour; outside study,
seven hours. Special topics in bioengineering for un-
dergraduate students that are taught on experimental
or temporary basis, such as those taught by resident
and visiting faculty members. May be repeated once
for credit with topic or instructor change. Letter grad-
ing.

194. Research Group Seminars: Bioengineering.
(4) Seminar, three hours. Limited to bioengineering
undergraduate students who are part of research
group. Study and analysis of current topics in
bioengineering. Discussion of current research litera-
ture in research specialty of faculty member teaching
course. Student presentation of projects in research
specialty. May be repeated for credit. Letter grading.

199. Directed Research in Bioengineering. (2 to
8) Tutorial, to be arranged. Limited to juniors/seniors.
Supervised individual research or investigation under
guidance of faculty mentor. Culminating paper or
project required. May be repeated for credit with
school approval. Individual contract required; enroll-
ment petitions available in Office of Academic and
Student Affairs. Letter grading.

Biomedical
Engineering

Interdepartmental Program

UCLA

7523 Boelter Hall

Box 951600

Los Angeles, CA 90095-1600

(310) 267-4985

fax: (310) 794-5956
e-mail: bme@ea.ucla.edu
http://www.bme.ucla.edu

Timothy J. Deming, Ph.D., Chair

Faculty Advisory Committee

Timothy J. Deming, Ph.D. (Bioengineering,
Chemistry and Biochemistry)

Bruce S. Dunn, Ph.D. (Materials Science and
Engineering)

Chih-Ming Ho, Ph.D. (Mechanical and Aerospace
Engineering)

Hooshang Kangarloo, M.D. (Pediatrics,
Radiological Sciences)

John D. Mackenzie, Ph.D. (Materials Science
and Engineering)

Ichiro Nishimura, D.D.S., D.M.Sc., D.M.D.
(Dentistry)

James N. Weiss, M.D. (Cardiology)

Professors

Denise Aberle, M.D. (Bioengineering,
Radiological Sciences)

Abeer A.H. Alwan, Ph.D. (Electrical Engineering)

Rajive Bagrodia, Ph.D. (Computer Science)

Francisco Bezanilla, Ph.D. (Physiology)

Arnold J. Berk, M.D. (Microbiology, Immunology,
and Molecular Genetics)

Angelo Caputo, Ph.D. (Dentistry)

Gregory P. Carman, Ph.D. (Mechanical and
Aerospace Engineering)

Tony F.C. Chan, Ph.D. (Mathematics)

Peng-Shen Chen, Ph.D., in Residence
(Medicine)

Yong Chen, Ph.D. (Mechanical and Aerospace
Engineering)

Samson Chow, Ph.D. (Molecular and Medical
Pharmacology

Mark Cohen, Ph.D. (Neurology, Psychiatry and
Biobehavioral Sciences, Radiological
Sciences)

Jean B. deKernion, M.D. (Urology)

Joseph L. Demer, M.D., Ph.D. (Neurology,
Ophthalmology)

Linda L. Demer, M.D., Ph.D. (Cardiology,
Physiology)

Timothy J. Deming, Ph.D. (Bioengineering,
Chemistry and Biochemistry)

Vijay K. Dhir, Ph.D. (Mechanical and Aerospace
Engineering)

Joseph J. DiStefano Ill, Ph.D. (Computer
Science, Medicine)

Bruce H. Dobkin, M.D. (Neurology)

Gary Duckweiler, M.D., Ph.D. (Radiological
Sciences)

Bruce S. Dunn, Ph.D. (Materials Science and
Engineering)

V. Reggie Edgerton, Ph.D. (Physiological
Science)

Jack L. Feldman, Ph.D. (Neurobiology,
Physiological Science)

Harold R. Fetterman, Ph.D. (Electrical
Engineering)

Gerald A.M. Finerman, M.D. (Orthopaedic
Surgery)

C. Fred Fox, Ph.D. (Microbiology, Immunology,
and Molecular Genetics)

C.R. Gallistel, Ph.D. (Psychology)

Alan Garfinkel, Ph.D. (Cardiology, Physiological
Science)

Robin L. Garrell, Ph.D. (Chemistry and
Biochemistry)

Bruce R. Gerratt, Ph.D. (Head and Neck
Surgery)

Warren S. Grundfest, M.D. FACS
(Bioengineering, Electrical Engineering,
Surgery)

Robert P. Gunsalus, Ph.D. (Microbiology,
Immunology, and Molecular Genetics)

Vijay Gupta, Ph.D. (Mechanical and Aerospace
Engineering)

Chih-Ming Ho, Ph.D. (Mechanical and Aerospace
Engineering, Ben Rich Lockheed Martin
Professor of Aeronautics, Center for Micro
Systems Director)

Edward J. Hoffman, Ph.D. (Molecular and
Medical Pharmacology, Radiological
Sciences)

Henry S.C. Huang, D.Sc. (Biomathematics,
Molecular and Medical Pharmacology)

Stephen E. Jacobsen, Ph.D. (Electrical
Engineering)

J-Woody Ju, Ph.D. (Civil and Environmental
Engineering)

William J. Kaiser, Ph.D. (Electrical Engineering)

Hooshang Kangarloo, M.D. (Pediatrics,
Radiological Sciences)

Patricia A. Keating, Ph.D. (Linguistics)

Chang-Jin Kim, Ph.D. (Mechanical and
Aerospace Engineering)

J. John Kim, Ph.D. (Mechanical and Aerospace
Engineering)

H. Phillip Koeffler, M.D. (Medicine)

Jess F. Kraus, Ph.D., M.P.H. (Epidemiology)

Jody E. Kreiman, Ph.D., in Residence (Surgery)

Elliot M. Landaw, M.D., Ph.D. (Biomathematics)

Andrew F. Leuchter, M.D. (Psychiatry and
Biobehavioral Sciences)

James C. Liao, Ph.D. (Chemical and
Biomolecular Engineering)

Jia-Ming Liu, Ph.D. (Electrical Engineering)

Edythe London, Ph.D. (Psychiatry and
Biobehavioral Sciences)

Ajit K. Mal, Ph.D. (Mechanical and Aerospace
Engineering)

Keith Markolf, Ph.D. (Orthopaedic Surgery)

Edward McCabe, M.D. (Pediatrics)

Harry McKellop, Ph.D., in Residence
(Orthopaedic Surgery)

Istvan Mody, Ph.D. (Neurology, Physiology)

Harold G. Monbouquette, Ph.D. (Chemical and
Biomolecular Engineering)

Sherie L. Morrison, Ph.D. (Microbiology,
Immunology, and Molecular Genetics)

Peter M. Narins, Ph.D. (Ecology and
Evolutionary Biology, Physiological Science)

Stanley Nelson, M.D. (Human Genetics)

Ichiro Nishimura, D.D.S., D.M.Sc., D.M.D.
(Dentistry)

D. Stott Parker, Jr., Ph.D. (Computer Science)

Yahya Rahmat-Samii, Ph.D. (Electrical
Engineering)

Shlomo Raz, M.D. (Urology)

Vwani Roychowdhury, Ph.D. (Electrical
Engineering)

Michael Sofroniew, M.D., Ph.D. (Neurobiology)

27



James G. Tidball, Ph.D. (Physiological Science)

Kang Ting, D.M.D., D.M.Sc. (Dentistry)

Arthur Toga, Ph.D. (Neurology)

James N. Weiss, M.D. (Cardiology)

Owen N. Witte, Ph.D. (Microbiology and
Molecular Genetics)

David Wong, Ph.D. (Dentistry)

Ming C. Wu, Ph.D. (Electrical Engineering)

Jenn-Ming Yang, Ph.D. (Materials Science and
Engineering)

Kung Yao, Ph.D. (Electrical Engineering)

Carlo Zaniolo, Ph.D. (Computer Science)

Professors Emeriti

Thelma Estrin, Ph.D. (Computer Science)

Allen Klinger, Ph.D. (Computer Science)

John D. Mackenzie, Ph.D. (Materials Science
and Engineering)

Jacques J. Vidal, Ph.D. (Computer Science)

Associate Professors

Marvin Bergsneider, M.D. (Neurosurgery)

Susan Y. Bookheimer, Ph.D. (Psychiatry and
Biobehavioral Sciences)

Alex Bui, Ph.D. (Radiological Sciences)

James Dunn, M.D., Ph.D. (Bioengineering,
Pediatric Surgery)

Jack W. Judy, Ph.D. (Electrical Engineering)

Dario Ringach, Ph.D. (Neurobiology,
Psychology)

Shantanu Sinha, Ph.D. (Radiological Sciences)

Desmond Smith, Ph.D. (Molecular and Medical
Pharmacology)

Igor Spigelman, Ph.D. (Dentistry)

Ren Sun, Ph.D. (Molecular and Medical
Pharmacology)

Albert Thomas, Ph.D., in Residence
(Radiological Sciences)

Paul M. Thompson, Ph.D., in Residence
(Neurology)

Peter Tontonoz, M.D., Ph.D. (Pathology and
Laboratory Medicine)

Jeffrey Wang, M.D. (Orthopaedic Surgery)

Benjamin M. Wu, D.D.S., Ph.D. (Bioengineering,
Dentistry, Materials Science and Engineering)

Lily Wu, Ph.D. (Molecular and Medical
Pharmacology, Urology)

Assistant Professors

Ramin Beygui, M.D. (Surgery)

James Bisley, Ph.D. (Neurobiology)

Arion Chattziioannou, Ph.D. (Molecular and
Medical Pharmacology)

Thomas Chou, Ph.D. (Biomathematics)

lan A. Cook, M.D. (Psychiatry and Biobehavioral
Sciences)

Katrina Dipple, M.D., Ph.D. (Human Genetics
and Pediatrics)

Christopher Giza, Ph.D. (Surgery, Neurosurgery)

Lee Goodglick, Ph.D. (Pathology and Laboratory
Medicine)

Thomas G. Graeber, Ph.D. (Molecular and
Medical Pharmacology)

Susan Harkema, Ph.D. (Neurology)

George Huang, D.Sc., D.D.S. (Dentistry)

Yongho Ju, Ph.D. (Mechanical and Aerospace
Engineering)

Daniel T. Kamei, Ph.D. (Bioengineering)

Andrea M. Kasko, Ph.D. (Bioengineering)

Pirouz Kavehpour, Ph.D. (Mechanical and
Aerospace Engineering)

Irwin Kurland, Ph.D. (Medicine/Endocrinology)

Heather Maynard, Ph.D. (Chemistry and
Biochemistry)

Sheila Nirenberg, Ph.D. (Neurology)
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Matteo Pellegrini, Ph.D. (Molecular, Cell, and
Developmental Biology)

Jacob Schmidt, Ph.D. (Bioengineering)

Felix Schweitzer, Ph.D. (Neurobiology)

Tatiana Segura, Ph.D. (Chemical and
Biomolecular Engineering)

Yi Tang, Ph.D. (Chemical and Biomolecular
Engineering)

Adjunct Professors

Guido Germano, Ph.D. (Radiological Sciences)

John J. Gilman, Ph.D. (Materials Science and
Engineering)

Boris Kogan, Ph.D. (Computer Science)

Adjunct Associate Professors

Vivek Dixit, Ph.D. (Medicine)

Marc Hedrick, M.D. (Surgery)

Valeriy I. Nenov, Ph.D. (Neurosurgery)

Imke Schroeder, Ph.D. (Microbiology,
Immunology, and Molecular Genetics)

Ricky Taira, Ph.D. (Radiological Sciences)

Daniel J. Valentino, Ph.D. (Radiological
Sciences)

Adjunct Assistant Professors

Robert Close, Ph.D. (Radiological Sciences)

Robert Goldberg, M.D., Ph.D. (Electrical
Engineering)

Bill J. Tawil, M.B.A., Ph.D. (Bioengineering)

Scope and Objectives

The Biomedical Engineering Interdepart-
mental Program trains specially qualified
engineers and scientists to work on engi-
neering applications in either medicine or
biotechnology.

Graduates apply engineering principles to
current needs and contribute to future
advances in the fields of medicine and bio-
technology. Fostering careers in industry or
academia, the program offers students the
choice of an M.S. or Ph.D. degree in eight
distinct fields of biomedical engineering.

In addition to selected advanced engineer-
ing courses, students are required to take
specially designed biomedical engineer-
ing courses to ensure a minimal knowl-
edge of the appropriate biological
sciences. Students receive practical train-
ing via an M.S. or Ph.D. research thesis or
dissertation in biomedical engineering.
Faculty members have principal appoint-
ments in departments across campus and
well-equipped laboratories for graduate
student research projects.

Graduate Study

For information on graduate admission,
see Graduate Programs, page 23.

The following introductory information is
based on the 2007-08 edition of Program
Requirements for UCLA Graduate
Degrees. Complete annual editions of Pro-
gram Requirements are available at http://

www.gdnet.ucla.edu/gasaa/liorary/
pgmrgintro.htm. Students are subject to
the detailed degree requirements as pub-
lished in Program Requirements for the
year in which they matriculate.

The Biomedical Engineering Program
offers Master of Science (M.S.) and Doctor
of Philosophy (Ph.D.) degrees in Biomedi-
cal Engineering.

Biomedical Engineering M.S.
Students are expected to complete 42
units, which in most cases include Biomed-
ical Engineering C201, CM202, CM203,
and two courses from their area of study.
The M.S. degree is offered under both the
thesis plan and comprehensive examina-
tion plan. Under the thesis plan, 8 units of
thesis work may be applied toward the unit
requirements for the degree. The compre-
hensive examination plan consists entirely
of coursework (12 courses) and a compre-
hensive examination. Eight of the 12
courses must be graduate (200-level)
courses, and students must maintain a
grade-point average of B or better in both
upper division and graduate courses.
Three Biomedical Engineering 299 courses
(6 units total) are also required.

Biomedical Engineering Ph.D.

The Ph.D. program prepares students for
advanced study and research in biomedi-
cal engineering. The Ph.D. preliminary
examination typically consists of both writ-
ten and oral parts. To receive a pass on the
examination, students must receive a pass
on both parts. An oral qualifying/advance-
ment to candidacy examination, course-
work for two minor fields of study, and
defense of the dissertation are also
required. The major field consists of six
courses, and each minor field consists of
three 4-unit courses, of which two must be
graduate (200-level) courses. One minor
must be in another field of biomedical engi-
neering. Students must maintain a grade-
point average of 3.25 or better in all
courses.

Fields of Study

Bioacoustics, Speech, and
Hearing

The bioacoustics, speech, and hearing
field trains biomedical engineers to apply
concepts and methods of engineering and
physical and biological sciences to solve
problems in speech and hearing. To meet
this goal, the program combines a rigorous



curriculum in quantitative methods for
studying speech and hearing and an
exposure to biomedical issues.

Course Requirements

Core Courses (Required). Biomedical
Engineering C201, CM202, CM203,
M214A, 230.

Electives. Computer Science 276C, Electri-
cal Engineering 214B, Linguistics 204,
Neuroscience 274, Physics 114, Physio-
logical Science 173, M290, Psychiatry 298.

Remedial courses are taken as necessary.
For students without previous exposure to
signal processing, Electrical Engineering
102 and 113 are recommended.

Biocybernetics

Graduate study in biocybernetics is
intended for science or engineering stu-
dents interested in systems biology bio-
systems or biomedical systems, with an
emphasis on systems and integration.
This encompasses the systems engi-
neering/cybernetics-based integrative
properties or behavior of living systems,
including their regulation, control, integra-
tion, and intercommunication mecha-
nisms, and their associated
measurement, visualization, and mathe-
matical and computer modeling.

The program provides directed interdisci-
plinary biosystem studies to establish a
foundation in system and information sci-
ence, mathematical modeling, measure-
ment and integrative biosystem science,
as well as related specialized life sci-
ences domain studies. It fosters careers
in research and teaching in systems biol-
ogy engineering, medicine, and/or the
biomedical sciences, or research and
development in the biomedical or phar-
maceutical industry. At the system and
integration level, biocybernetics method-
ology is quite broadly applicable to a large
spectrum of biomedical problems.

Typical research areas include basic and
clinical problems in biomedical systems,
systems biology, all types of biocontrol sys-
tems, imaging systems, pharmaceutical
systems, biotechnology systems, bioinfor-
matics, genomics, neuroscience, and
remote sensing systems for the life sci-
ences.

Faculty research areas include computa-
tional biology, computational biochemistry,
and metabolism; computational cardiol-
ogy and neuroendocrinology; biomodeling
of diseases, cellular processes, metabolic
control systems, and gene networks; mod-

eling in genomics, pharmacokinetics, and
pharmacodynamics; vision, robotics,
speech processing, neuroscience, artificial
and real neural network modeling, norma-
tive expert systems, wireless remote sens-
ing systems, telemedicine, visualization,
and virtual clinical environments.

Course Requirements

Biocybernetics can serve as a minor field
for other Ph.D. majors if students complete
the following courses with a grade-point
average of B+: Biomedical Engineering
CM286B, M296A, and one additional grad-
uate-level elective from the additional foun-
dations or electives list.

Core Courses (Required). Biomedical
Engineering C201, CM202, CM203,

Faculty research combines living tissue with micro-
fabricated structures to create hybrid muscle-MEMS
microbots.

CM286B, and either M296A or Biomathe-
matics 220.

Electives. Biomathematics 206, CM208C,
M230, Biomedical Engineering M248,
CM286C, M296D, Computer Science 161,
267B, Electrical Engineering 113, 132A,
141, 142, 211A, 211B, M214A, 214B,
232E, CM250A, M250B, 260A, 2608,
Mathematics 151A, 151B, 155, 170A,
Physics 210B, 231B, Statistics 100A, 100B.

Biomechanics, Biomaterials, and
Tissue Engineering

Three subfields—-biomechanics, biomate-
rials, and tissue engineering-encompass
this broad field. The properties of bone,

muscles, and tissues, the replacement of
natural materials with artificial compatible
and functional materials such as polymer
composites, ceramics, and metals, and the
complex interactions between implants
and the body are studied.

Course Requirements

Core Courses (Required). Biomedical
Engineering C201, CM202, CM203, and
two courses from CM240, CM280, C281,
282, C285.

Electives. Biomedical Engineering 282,
Chemical Engineering 260, Chemistry and
Biochemistry 153A, 153B, 153C, CM153G,
CM155, M230B, CM255, Materials Science
and Engineering 150, 151, 160, 210, 211,
223, 243A, 246D, 250B, Mechanical and
Aerospace Engineering 150A, 156A,
166C, M256A, M256B, M256C, 262, 297,
Molecular, Cell, and Developmental Biol-
ogy CM220, Physiological Science M215,
250A, C250B.

Biomedical Instrumentation

The biomedical instrumentation field trains
biomedical engineers in the applications
and development of instrumentation used
in medicine and biotechnology. Examples
include the use of lasers in surgery and
diagnostics, sensors for detection and
monitoring of disease, and microelectro-
mechanical systems (MEMS) devices for
controlled drug delivery, surgery, or genet-
ics. The principles underlying each instru-
ment and the specific needs in medical
applications are emphasized.

Course Requirements

Core Courses (Required). Biomedical
Engineering C201, CM202, CM203,
CM250A, CM250L.

Electives. Biomedical Engineering CM240,
M250B, M252, C270, C271, Electrical
Engineering 221A, 221B, 221C, 223, 271,
272, Materials Science and Engineering
200, 201, 243A, 246D, Mechanical and
Aerospace Engineering 157, 263A, 263D,
CM280L, 281, 284.

Biomedical Signal and Image
Processing and Bioinformatics
The biomedical signal and image process-
ing and bioinformatics field encompasses
techniques for the acquisition, processing,
classification, and analysis of digital bio-
medical signals, images, and related infor-
mation, classification and analysis of
biomedical data, and decision support of
clinical processes. Sample applications
include (1) digital imaging research utiliz-
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