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Themission of the Department of Bioengineeringisto createafusion
of engineering and the life sciences that promotes scientific discovery
and the invention of new technologies and therapies through research
and education. The department encompasses both the use of biology asa
new engineering paradigm and the application of engineering principles
to medical problems and biological systems. The discipline embraces
biology asanew sciencebasefor engineering.

Bioengineeringisjointly supported by the School of Engineeringand
the School of Medicine. Thefacilitiesand personnel of the Department of
Bioengineering arehousedintheJamesH. Clark Center, Allen Center for
Integrated Systems, William F. Durand Building for Space Engineering
and Science, WilliamM. Keck ScienceBuilding, andtheRichardM. Lucas
Center for Magnetic Resonance Spectroscopy and | maging.

Thedepartmental headquartersislocatedintheJamesH. Clark Center
for Biomedical Engineeringand Sciences, al ong with approximately 600
faculty, staff, and studentsfrommorethan 40 University departments. The
Clark Center isa so hometo Stanford’s Bio-X program, acollaboration
of the Schools of Engineering, Medicine, Humanities and Sciences, and
Earth Sciences.

Coursesin theteaching program lead to the degrees of Master of Sci-
ence and Doctor of Philosophy. The department collaboratesin research
and teaching programs with faculty membersin Chemical Engineering,
Mechanical Engineering, Electrical Engineering, and departmentsin
the School of Medicine. Quantitative biology isthe core science base of
the department. The research and educational thrusts are in biomedical
computation, biomedical imaging, biomedical devices, regenerative
medicine, and cell/molecular engineering. Theclinical dimension of the
department includescardiovascul ar medicine, neuroscience, orthopedics,
cancer care, neurology, and environment.

UNDERGRADUATE PROGRAMS

Although primarily agraduate-level department, pre-approved B.S.
majorsin Biomechanical Engineering and Biomedical Computation can
bearranged throughthe School of Engineering. For detailedinformation,
seethe” School of Engineering” section of thisbulletinandthe Handbook
for Undergraduate Engineering Programs at http://ughb.stanford.eduand
available from the Office of the Dean of Engineering.

COTERMINAL B.S./M.S. PROGRAM

Thisoptionisavailableto outstanding Stanford undergraduates who
wish to work simultaneously toward a B.S. in another field and an M.S.
in Bioengineering. The degrees may be granted simultaneously or at the

conclusion of different quarters, though the bachelor’s degree cannot be
awarded after the master’s degree has been granted. As Bioengineering
doesnot currently offer an undergraduate program, the B.S. degree must
be from another department. The University minimum requirementsfor
the coterminal bachelor’ smaster’s program are 180 units for the bach-
elor’sdegreeplus45 unduplicated unitsfor themaster’ sdegree. Students
may apply for the coterminal B.S. and M.S. program after 120 unitsare
compl eted and they must beacceptedinto our programonequarter before
receiving the B.S. degree. Students should apply directly to the Bioen-
gineering Department. We require students interested in our coterminal
degree to take the Graduate Record Examination (GRE); applications
may beobtained at http://www.gre.org. New coterminal applicationsand
procedures are now available on the Office of the University Registrar
web site. Access the new application form, instructions, and supporting
documents online at http://bioengineering.stanford.edu/education/co-
terminal .html; University regulations and forms concerning coterminal
degree programs are available at http://registrar.stanford.edu/shared/
publications.htm#Coterm.

Theapplicationmust provideevidenceof potential for strongacademic
performanceasagraduatestudent. Theapplicationiseval uated and acted
by the graduate admissions committee of the department. Students are
expectedto enter withaseriesof corecompetenciesin mathematics, biol-
ogy, chemistry, physics, computing, and engineering. Typically, aGPA of
at least 3.5 in engineering, science, and math is expected.

GRADUATE PROGRAMS

The University’s requirements for the M.S. and Ph.D. degrees are
outlinedinthe“ Graduate Degrees’ section of thisbulletin.

Admission— Students are expected to enter with a series of core
competencies in mathematics, biology, chemistry, physics, computing,
and engineering. Students entering the program are assessed by the ex-
amination of their undergraduate transcripts and research experiences.
Specifically, we require that students have completed mathematics through
multivariable calculus and differential equations, completed a series of
undergraduate biology courses (equivalent to BIOSCI 41, 42, 43 series)
and compl eted physics, chemistry, and computer sciencescoursesrequired
of all undergraduate majorsin engineering.

Qualified applicants are encouraged to apply for predoctoral national
competitive fellowships, especially those from the National Science
Foundation. Applicants to the Ph.D. program should consult with their
financial aid officers for information and applications.

Thedeadlinefor receiving applicationsis January 8, 2008.

Further information and application formsfor all graduate degree
programs may be obtained from Graduate Admissions, the Registrar’s
Office, http://gradadmissions.stanford.edu/.

MASTER OF SCIENCE

TheMaster of Sciencein Bioengineering requires 45 units of course
work. The curriculum consists of core bioengineering courses, techni-
cal electives, seminars and unrestricted electives. Core courses focus
on quantitative biology and biological systems analysis. Approved
technical electivesare chosen by the student in consultation with his’her
graduate adviser, and can be selected from graduate course offeringsin
mathematics, statistics, engineering, physical sciences, lifesciences, and
medicine. Seminars highlight emerging research in bioengineering and
provide training in research ethics. Unrestricted electives can be freely
chosen by the student in association with his’her adviser.

Thedepartment’srequirementsfor theM.S. in Bioengineering are:
1. Core Bioengineering courses (9 units); the following courses are

required:

BIOE 300A. Molecular and Cellular Bioengineering

BIOE 300B. Quantitative Mammalian Physiology and Tissue
Engineering

BIOE 301A. Molecular and Cellular Bioengineering Lab

BIOE 301B. Clinical Needsand Technology

These courses, together with the approved techni cal electives, should
form acohesive course of study that provides depth and breadth.

STANFORD BULLETIN, 2007-08 | 1

loengineering

(aa)]




©)
Z
(2%
L
L
Z
©)
Z
L]
O
O
O
I
@,
)

2. Approved Technical Electives (27 units): these unitsmust be sel ected
fromgraduatecoursesinmathemati cs, stati sti cs, engineering, physical
science, lifescience, and medicine. They should be chosenin concert
withthebioengineering coursesto provideacohesivedegreeprogram
in abioengineering focus area. Students are required to take at least
onecoursein someareaof design or instrumentation. Up to 9 unitsof
directed study and research may be used as approved el ectives.

3. Seminars (3 units): the seminar units should be fulfilled through
BIOE 390, Introduction to Bioengineering Research, BIOE 393,
Bioengineering Forum, or BIOE 459, Frontiersin Interdisciplinary
Biosciences. Other relevant seminar units may also be used with the
approval of thefaculty adviser. Oneof theseminar unitsmust beM ED
255, The Responsible Conduct of Research.

4. Unrestricted Electives (6 units).

Students are assigned an initial faculty adviser to assist them in
designing a plan of study that creates a cohesive degree program with
aconcentration in aparticular bioengineering focus area. These focus
areasinclude, but arenot limited to: Biomedical Computation, Regenera-
tive Medicine/Tissue Engineering, Molecular and Cell Bioengineering,
Biomedical Imaging, and Biomedical Devices.

To ensure that an appropriate program is pursued by all M.S. candi-
dates, students who first matriculate at Stanford at the graduate level (a)
submit an adviser approved Program Proposal for aMaster’sDegreeform
to the student services office during the first month of the first quarter of
enrollment and (b) obtain approval from the M.S. adviser and the Chair
of Graduate Studies for any subsequent program change or changes. It
is expected that the requirements for the M.S. in Bioengineering can be
compl eted withinapproximately oneyear. Thereisnothesisrequirement
fortheM.S.

DOCTOR OF PHILOSOPHY

A student studying for the Ph.D. degree must complete a master’s
degree (45 units) comparabletothat of the Stanford M. S. degreein Bioen-
gineering. Upto45unitsof master’ sdegreeresidency unitsmay becounted
towardsthedegree. ThePh.D. degreeisawarded after thecompletionof a
minimumof 135unitsof graduatework aswell assatisfactory completion
of any additional University requirements. StudentsadmittedtothePh.D.
program with an M.S. degree must complete at least 90 units of work at
Stanford. The maximum number of transfer unitsis45.

On the basis of the research interests expressed in their application,
studentsareassigned aninitial faculty adviser who assiststhemin choos-
ing courses and identifying research opportunities. The department does
not require formal 1ab rotations, but students are encouraged to explore
research activities in two or three labs during their first academic year.

Prior tobeingformally admittedto candidacy for thePh.D. degree, the
student must demonstrateknowledgeof bioengineering fundamental sand
apotential for research by passing aqualifying oral examination.

Typically, the exam istaken shortly after the student earnsamaster’s
degree. Thestudentisexpectedto haveanominal graduate Stanford GPA of
3.25tobedigiblefor theexam. Oncethestudent’ sfaculty sponsor hasagreed
that theexamistotakepl ace, thestudent must submit anapplicationfolder
containing itemsincluding acurriculum vitae, research project abstract,
and preliminary dissertation proposal to the student services office. Infor-
mation about the exam may be obtained from the student services office.

In addition to the course requirements of the M.S. degree, doctoral
candidates must complete aminimum of 15 additional unitsof approved
formal coursework (excluding research, directed study, and seminars).

Dissertation Reading Committee—Each Ph.D. candidateisrequired
to establish areading committee for the doctoral dissertation within six
monthsafter passingthedepartment’sPh.D. Qualifyingexams. Theresfter,
the student should consult frequently with all members of the committee
about thedirection and progress of the dissertation research.

A dissertationreading committeeconsistsof theprincipal dissertation
adviser and at least two other readers. Reading committees in Bioengi-
neering may includefaculty from another department. It isexpected that
at least one member of the Bioengineering faculty be on each reading
committee. Theinitial committee, and any subsequent changes, must be
officially approved by the department Chair.
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University Oral and Dissertation—ThePh.D. candidateisrequiredto
taketheUniversity oral examination after thedissertationissubstantially
completed (with the dissertation draftin writing), but before final approval.
Theexamination consistsof apublic presentation of dissertationresearch,
followed by substantiveprivatequestioning onthedissertationandrel ated
fields by the University oral committee (four selected faculty members,
plusachair from another department). Oncetheoral hasbeen passed, the
student finalizes the dissertation for reading committee review and final
approval. Formsfor the University oral scheduling and a one-page dis-
sertation abstract should be submitted to the department student services
office at least three weeks prior to the date of the oral for departmental
review and approval.

M.D./PH.D. DUAL DEGREE PROGRAM

Students interested in a career oriented towards bioengineering and
medicinecan pursuethecombined M.D./Ph.D. degreeprogram. Stanford
hastwowaystodoanM.D./Ph.D. U.S. citizensand permanent residentscan
apply totheMedical Scientist Training Program and can beacceptedwith
fundingfrombothM.D. and Ph.D. programsfor stipend andtuition. They
can then select a bioengineering laboratory for their Ph.D. Students not
admittedtotheM edical Scientist Training Program must apply tobeadmit-
ted separately totheM.D. programand thePh.D. program of their choice.

ThePh.D. isadministered by the Department of Bioengineering. Tobe
formally admitted asaPh.D. degreecandidateinthiscombined degreepro-
gram, the student must apply through normal departmental channelsand
must haveearned or haveplanstoearnanM.S. inbioengineering or other
engineeringdisciplineat Stanford or another university. TheM.S. requires
45 units of course work which consists of core bioengineering courses,
technical el ectives, seminars, and 6 unrestricted units. Studentsmust al so
pass the Department of Bioengineering Ph.D. qualifying examination.

For students fulfilling the full M.D. requirements who earned their
master’slevel engineering degree at Stanford, the Department of Bio-
engineering waives the normal departmental requirement of 15 units
appliedtowardsthePh.D. degreebeyondthemaster’ sdegreelevel through
formal coursework. Consistent with the University Ph.D. requirements,
the department accepts 15 units comprised of courses, research, or semi-
narsapproved by thestudent’ sacademic adviser and thedepartment chair.
Students not completing their M.S. engineering degree at Stanford are
required to take 15 units of formal course work in engineering-related
areas as determined by their academic adviser.

COURSES

STANFORD INTRODUCTORY SEMINARS

BIOE 70Q. M edical Devicel nnovation—Stanford Introductory Semi-
nar. Preferenceto sophomores. Commonly used medical devicesindiffer-
ent medical specialties. Guest | ecturersinclude Stanford Medical School
physicians, entrepreneurs, and venturecapitalists. How toidentify clinical
needs and design device solutionsto address these needs. Fundamentals
of starting acompany. Field tripsto local medical device companies;
workshops. No previous engineering training required.
3 units, Spr (Doshi, R; Mandato, J)

ADVANCED UNDERGRADUATE AND
GRADUATE

BIOE 191. Bioengineering Problems and Experimental I nvesti-
gation—Directed study and research for undergraduates on a subject
of mutual interest to student and instructor. Prerequisites: consent of
instructor and adviser.

1-5 units, Aut, Win, Spr, Sum (Staff)



BIOE 212. Introduction to Biomedical | nfor matics Research M eth-
odology—(Same as BIOMEDIN 212, CS 272, GENE 212.) Hands-on
software building. Student teams conceive, design, specify, implement,
evaluate, and report on a software project in the domain of biomedicine.
Creating written proposals, peer review, providing status reports, and
preparing final reports. Guest lectures from professional biomedical
informatics systems builders on issues related to the process of project
management. Software engineering basics. Prerequisites: 210, 211 or
214, or consent of instructor.
3 units, Aut (Altman, R; Cheng, B; Klein, T)

BIOE 214. Representations and Algorithms for Computational
Molecular Biology—(Same as BIOMEDIN 214, CS 274, GENE 214.)
Topics: agorithmsfor alignment of biological sequencesand structures,
computing with strings, phylogenetic tree construction, hidden Markov
models, computing with networksof genes, basi c structural computations
on proteins, protein structure prediction, protein threading techniques,
homol ogy modeling, molecular dynamics and energy minimization,
statistical analysis of 3D hiological data, integration of data sources,
knowledge representation and controlled terminologies for molecular
biology, graphical display of biological data, machinelearning (clustering
and classification), and natural language text processing. Prerequisites:
programming skills; consent of instructor for 3 units.
3-4 units, Spr (Altman, R)

BIOE 215. Physics-Based Simulation of Biological Structure—
Modeling, simulation, analysis, and measurement of biological systems.
Computational toolsfor determiningthebehavior of biological structures
from molecules to organisms. Numerical solutions of algebraic and dif-
ferential equations governing biological processes. Simulation labora-
tory examplesin biology, engineering, and computer science. Limited
enrollment. Prerequisites: basic biology, mechanics (F=ma), ODEs, and
proficiency in C or C++ programming.
3 units, Spr (Altman, R; Delp, S; Mitiguy, P.)

BIOE 220. Imaging Anatomy—(Same as RAD 220.) The physics of
medical imaging and human anatomy through medical images. Emphasis
isonnormal anatomy, contrast mechanisms, and therel ative strengths of
eachimaging modality. L absreinforceimaging techniquesand anatomy.
Recommended: basic biology, physics.

3 units, Win (Gold, G, Butts-Pauly, K)

BIOE 222A. Multimodality Molecular Imaging in Living Subjects
|—(SameasRAD 222A.) Instrumentsfor imaging molecul ar and cellular
eventsin animalsand human beingsusing novel assays. | nstrumentation
physics, chemistry of molecular imaging probes, and applications to
preclinical modelsand clinical disease management.

4 units, Aut (Gambhir, S; Rao, J)

BIOE 222B. Multimodality Molecular Imagingin Living Subjects
I1—(SameasRAD 222B.) In vivo imaging techniques and applications
to preclinical modelsand clinical disease management. Focus on cancer
research, neurobiology, cardiovascul ar and muscul oskel etal diseases.

4 units, Win (Gambhir, S; Rao, J)

BIOE 261. Principlesand Practiceof Stem Cell Engineering—(Same
as NSUR 261.) Quantitative models used to characterize incorporation
of new cells into existing tissues emphasizing pluripotent cells such as
embryonicand neural stem cells. Molecular methodsto control stem cell
decisionstoself-renew, differentiate, die, or becomequiescent. Practical,
industrial, and ethical aspects of stem cell technology application. Final
projects: team-reviewed grantsand business proposals.
3 units, Aut (Deisseroth, K; Palmer, T)

BIOE 281. Biomechanics of M ovement—(Same as ME 281.) Experi-
mental techniquesto study human and animal movementincludingmotion
capturesystems, EM G, forcepl ates, medical imaging, andanimation. The
mechanical propertiesof muscleand tendon, and quantitativeanalysisof
muscul oskel etal geometry. Projects and demonstrations emphasi ze ap-
plications of mechanicsin sports, orthopedics, and rehabilitation.

3 units, Aut (Delp, S)

BIOE 284A. Cardiovascular Bioengineering—(Same as ME 284A.)
Bioengineering principlesappliedtothecardiovascular system. Anatomy
of human cardiovascular system, comparative anatomy, and allometric
scaling principles. Cardiovascular molecular and cell biology. Overview
of continuum mechanics. Form and function of blood, blood vessels,
and the heart from an engineering perspective. Normal, diseased, and
engineered replacement tissues.
3 units, Aut (Taylor, C)

BIOE 284B. Cardiovascular Bioengineering—(Same as ME 284B.)
Continuation of ME 284A.. Integrative cardiovascul ar physiology, blood
fluid mechanics, and transport in the microcirculation. Sensing, feedback,
and control of thecircul ation. Overview of congenital and adult cardiovas-
cular disease, diagnostic methods, and treatment strategies. Engineering
principlesto evaluate the performance of cardiovascular devicesandthe
efficacy of treatment strategies.
3 units, Win (Taylor, C)

GRADUATE

BIOE 300A. Molecular and Cellular Bioengineering—(Formerly
200A.) The molecular and cellular bases of life from an engineering
perspective. Quantitativeanalysisand engineering of biomolecul ar struc-
ture and dynamics, enzyme function, molecular interactions, metabolic
pathways, signal transduction, and cellular mechanics. Required: course
work in biochemistry and thermodynamics.

3 units, Win (Bryant, Z)

BIOE 300B. Quantitative Mammalian Physiology and Tissue
Engineering—(Formerly 200B.) The interaction, communication, and
disordersof major organ systemsandrel evant devel opmental biology and
tissue engineering from cellsto complex organs.

3 units, Spr (Deisseroth, K; Covert, M)

BIOE 301A.Molecular and Cellular BioengineeringL ab—(Formerly

201A.) Preferenceto Bioengineering graduatestudents. Practical applica-

tions of biotechnology and molecular bioengineering including recom-

binant DNA techniques, molecular cloning, microbial cell growth and

manipulation, library screening, and microarrays. Emphasisison experi-

mental designand dataanalysis. Limited enrollment. Corequisite: 300A.
2 units, Win (Cochran, J)

BIOE 301B. Clinical Needsand Technology—(Formerly 201B.) Diag-
nosticandtherapeutic methodsempl oyedin medicine. Each student paired
withaphysician. Labsincludeapathol ogy/histol ogy session, pulmonary
function testing, and the Goodman Simulation Center. Clinical experi-
ence, chosen from 12 specialties, includes observation of an operation or
procedure. Final paper. Limited enrollment. Corequisite: 300B.

1 unit, Spr (Feinstein, J)

BIOE 310. DynamicM odelsin Biology—How to usethe power of com-
putational modelinginbiological research. Biological problemsincluding
populationdynamics, membranecurrents, cellular dynamics, thespread of
infectiousdisease, and spatial patternformation. Key modeling approaches
suchaslinear systemsof differential equations, stochastic model's, network
models, and agent-based models. Matlab tutorial.

3 units, not given this year (Covert, M)

BIOE 331. Protein Engineering—The design and engineering of
biomol ecules emphasizing proteins, antibodies, and enzymes. Combi-
natorial methodologies, rational design, protein structure and function,
and biophysical analyses of modified biomolecules. Clinically relevant
examples from the literature and biotech industry. Prerequisite: basic
biochemistry.

3 units, alternate years, not given this year (Cochran, J)
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BIOE 332A,B. L arge-ScaleNeural M odeling—Emphasisisoncortical
computation, from feature maps in the neocortex to episodic memory in
the hippocampus, with attention to the roles of recurrent connectivity,
rhythmic activity, spike synchrony, synaptic plasticity, and noise and
heterogeneity. Large-scale models run in real-time on neuromorphic
hardware devel oped for this purpose. Techniquesto analyze and predict
network behavior; applicationsto data recorded from modelsin labora-
tory. Techniquesintroduced are used to devel op projectsin second half
of two-quarter sequence.
3units, A: Win, B: Spr (Boahen, K)

BIOE 355. Advanced Biochemical Engineering—(Same as CHEM-
ENG 355.) Combining new biological knowledge and methods with
quantitative engineering principles. Quantitativereview of biochemistry
and metabolism; recombinant DNA technology and synthetic biology
(metabolic engineering). The production of protein pharaceuticals as
paradigm for the application of chemical engineering principlesto ad-
vanced process devel opment within the framework of current business
and regulatory requirements. Prerequisite: CHEMENG 181 (formerly
188) or BIOSCI 41, or equivalent.
3 units, Spr (Swartz, J)

BIOE 361. Biomaterialsin Regenerative M edicine—(Same as
MATSCI 381.) How material sinteract with cellsthroughtheir micro- and
nanostructure, mechanical properties, degradation characteristics, surface
chemistry, and biochemistry. Examplesinclude novel materialsfor drug
andgenedelivery, materialsfor stemcell proliferationanddifferentiation,
andtissueengineering scaffol ds. Prerequisites: undergraduatechemistry,
and cell/molecular biology or biochemistry.
3 units, Win (Heilshorn, S; Cochran, J)

BIOE 370. Microfluidic Device Laboratory — Fabrication of microflu-
idicdevicesfor biological applications. Photolithography, softlithography,
and micromechanical valves and pumps. Emphasisison device design,
fabrication, and testing.

2 units, Win (Quake, S; Gomez-Sjoberg, R), Spr (Quake, S)

BIOE 374A. Biodesign Innovation: Needs Finding and Concept
Creation—(Same as OIT 384, ME 374A, MED 272A.) Two quarter
sequence. Strategiesfor interpretingclinical needs, researchingliterature,
and searching patents. Clinical and scientific literature review, techniques
of intellectual property analysis and feasibility, basic prototyping, and
market assessment. Student entrepreneurial teams create, analyze, and
screen medical technology ideas, and select projectsfor development.
3-4 units, Win (Yock, P; Brinton, T; Zenios, S; Milroy, C)

BIOE 374B. Biodesign Innovation: Concept Development and I m-
plementation—(SameasOI T 385, ME 374B, MED 272B.) Two quarter
sequence. Concept development and implementation. Early factors for
success; how to prototype inventions and refine intellectual property. Lec-
tures, guest medical pioneers, and entrepreneursabout strategic planning,
ethical considerations, new venture management, and financing and li-
censing strategies. Cashrequirements; regul atory (FDA), reimbursement,
clinical, and legal strategies, and business or research plans.

3-4 units, Spr (Yock, P; Brinton, T; Zenios, S; Milroy, C)

BIOE 386. Neuromuscular Biomechanics—(Same as ME 386.) The
interplay between mechanics and neural control of movement. State of
the art assessment through areview of classic and recent journal articles.
Emphasisis on the application of dynamics and control to the design of
assistive technology for personswith movement disorders.

3 units, not given this year (Delp, S)
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BIOE 390. Introduction to Bioengineering Resear ch—(Same as
MED 289.) Preferenceto medical and Bioengineering graduate students.
Bioengineering is an interdisciplinary field that leverages the disciplines
of biology, medicine, and engineering to understand living systems, and
engineer biological systemsandimproveengineeringdesignsand human
and environmental health. Topicsinclude: imaging; molecular, cell, and
tissueengineering; biomechanics; biomedical computation; biochemical
engineering; biosensors; and medical devices. Limited enrollment.
1-2 units, Aut, Win (Taylor, C)

BIOE 391. Directed Study—May beused to preparefor research during
alater quarterin392. Faculty sponsor required. May berepeatedfor credit.
1-6 units, Aut, Win, Spr, Sum (Staff)

BIOE 392. Directed I nvestigation—For Bioengineering graduate
students. Previouswork in 391 may be required for background; faculty
sponsor required. May be repeated for credit.

1-10 units, Aut (Staff), Win (Block, S), Spr, Sum (Staff)

BI OE 393. Bioengineeringand Biodesign For um—(SameasM E 389)
Guest speakerspresent research topicsat theinterfaces of biology, medi-
cine, physics, and engineering. May be repeated for credit.

1 unit, Aut, Win, Spr (Altman, R)

BIOE 454. Synthetic Biology and M etabolic Engineering—(Same
as CHEMENG 454.) Principles for the design and optimization of new
biological systems. Development of new enzymes, metabolic pathways,
other metabolic systems, and communi cation systemsamong organisms.
Exampleapplicationsincludetheproduction of central metabolites, amino
acids, pharmaceutical proteins, andisoprenoids. Economicchallengesand
guantitative assessment of metabolic performance. Pre- or coreguisite:
CHEMENG 355 or equivalent.
3 units, alternate years, not given this year

BIOE 459. Frontiersin Interdisciplinary Biosciences—(Crosslisted
in departmentsin the schools of H& S, Engineering, and Medicine; stu-
dents register through their affiliated department; otherwise register for
CHEMENG 459.) For specialists and non-specialists. Sponsored by the
Stanford BioX Program. Three seminars per quarter address scientificand
technical themesrel ated tointerdisciplinary approachesinbioengineering,
medicine, and the chemical, physical, and biological sciences. Leading
investigators from Stanford and the world present breakthroughs and
endeavorsthat cut across core disciplines. Pre-seminarsintroduce basic
concepts and background for non-experts. Registered students attend
al pre-seminars; others welcome. See http://www.stanford.edu/group/
biox/courses/459.html. Recommended: basic mathematics, biology,
chemistry, and physics.
1 unit, Aut, Win, Spr (Robertson, C)

BIOE 484. Computational M ethodsin Cardiovascular Bioengineer-
ing—(SameasME 484.) Lumped parameter, one-dimensional nonlinear
andlinear wavepropagation, and three-dimensional modeling techniques
applied to simulate blood flow in the cardiovascular system and evaluate
the performance of cardiovascular devices. Construction of anatomic
models and extraction of physiologic quantities from medical imaging
data. Problems in blood flow within the context of disease research, device
design, and surgical planning.
3 units, alternate years, not given this year (Taylor, C)

BIOE 485. Modeling and Simulation of Human M ovement—(Same
asME485.) Direct experiencewiththecomputational tool susedto create
simulationsof humanmovement. L ecture/l abson animation of movement;
kinematic models of joints; forward dynamic simulation; computational
models of muscles, tendons, and ligaments; creation of models from
medical images; control of dynamic simulations; collision detection and
contact models. Prerequisite: 281, 331A,B, or equivalent.
3 units, Spr (Delp, S)



BIOE 500. Thesis(Ph.D.)
1-15 units, Aut, Win, Spr, Sum (Staff)

COGNATE COURSES

Seerespectivedepartment listingsfor coursedescriptionsand General
Education Requirements (GER) information. See degree requirements
above or the program’s student services office for applicability of these
coursesto amajor or minor program.

BIOC 218. Computational M olecular Biology—(SameasBIOMEDIN
231)
3 units, Aut (Staff), Win, Spr (Brutlag, D)

BIOMEDIN 210. Introduction to Biomedical | nfor matics. Funda-
mental M ethods—(Sameas CS270.)
3 units, Aut (Musen, M)

BIOMEDIN 217. Trandlational Bioinformatics—(SameasCS 275.)
4 units, Win (Butte, A; Hillenmeyer, M; Southworth, L)

CHEMENG 450. Advancesin Biotechnology
3 units, Spr (Hwang, L; Swartz, J)

EE 369A. M edical Imaging Systemsl|
3 units, not given this year

EE 369B. Medical Imaging Systemsl |
3 units, Spr (Nishimura, D)

EE 369C. Medical Image Reconstruction
3 units, Aut (Pauly, J)

M E 280. Skeletal Development and Evolution
3 units, Spr (Carter, D)

ME 287. Soft Tissue M echanics
3 units, Aut (Levenston, M)

ME 381. Orthopaedic Bioengineering
3 units, Aut (Carter, D)

ME 382A. M edical Device Design
4 units, Win (Andriacchi, T)

ME 382B. Medical Device Design
4 units, Spr (Andriacchi, T)

ME 385. Tissue Engineering L ab
1-2 units, Win (Jacobs, C)

RAD 226. In Vivo M agnetic Resonance Spectroscopy and | maging
3 units, Win (Spielman, D)

This file has been excerpted from the Stanford Bulletin, 2007-08, pages
157-161. Every effort hasbeen madeto ensureaccur acy; post-press
changesmay have been madehere. Contact theeditor of thebulletin
at arod@stanford.edu with changesor corrections. Seethe bulletin
web siteat http://bulletin.stanford.edu for additional infor mation.
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