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MECHANICAL ENGINEERING

Emeriti: (Professors) JamesL. Adams, Holt Ashley, Peter Bradshaw,
Arthur E. Bryson, Thomas J. Connolly, Daniel B. DeBra, Robert H.
Eustis, George Herrmann, James P. Johnston, Thomas R. Kane,
William M. Kays, Joseph B. Keller, ErastusH. Lee, A. LouisLon-
don, Robert McKim, Morton Mitchner, Robert J. Moffat, J. David
Powell, William C. Reynolds, Rudolph Sher, Milton D. Van Dyke,
Douglass J. Wilde; Professors (Research) Elliot Levinthal, Sidney
Self

Chair: Ronald K. Hanson

Associate Chair for Student Services: M. Godfrey Mungal

Associate Chair for Faculty Affairs: Mark R. Cutkosky

AssociateChair for Graduate Curriculumand Admissions: ParvizMoin

Division Chairs: Thomas P. Andriacchi, Scott Delp (co-chairs, Biome-
chanical Engineering), Mark Cappelli (Thermosciences Division),
Thomas J. R. Hughes (M echanics and Computation); (the Design
Division, and the Flow Physics and Computation Division operate
without achair)

LaboratoryDirectors: DavidW. Beach (Program Director, Manufactur-
ing Systems Engineering and Product Realization Laboratory), J.
Edward Carryer (Smart Product Design Laboratory), Mark R. Cut-
kosky (Manufacturing Sciences Lab and Manufacturing Models
Laboratory), DennisR. Carter (V eteransAffairsRehabilitationR& D
Center), John K. Eaton (Heat Transfer and Turbulence Mechanics),
Larry J. Leifer (Center for Design Research and Stanford Learning
Lab), ReginaldE. Mitchell (High Temperature Gasdynamics), Parviz
Moin (Center for Turbulence Research), Friedrich B. Prinz (Rapid
Prototyping L aboratory)

Professors: ThomasP. Andriacchi, David M. Barnett, Craig T. Bowman,
BrianJ. Cantwell, DennisR. Carter, Mark R. Cutkosky, John K. Eaton,
Joel H. Ferziger, Huajian Gao, Ronald K. Hanson, Thomas J. R.
Hughes, CharlesH. Kruger, Larry J. Leifer, Parviz Moin, M. God-
frey Mungal, Drew V. Nelson, Peter M. Pinsky, Friedrich B. Prinz,
Bernard Roth, CharlesR. Steele

Associate Professors: Mark A. Cappelli, Scott L. Delp, Rolf A. Faste,
Keneth E. Goodson, Kosuke Ishii, David M. Kelley, Thomas W.
Kenny, SanjivaLele, Reginald E. Mitchell, Sheri D. Sheppard

Assistant Professors: Kyeongjae Cho, Christopher Edwards, J. Christian
Gerdes, Jean H. Heegaard, Juan G. Santiago

Professors (Research): Richard Christensen, Paul Durbin, Kenneth
Waldron, Kenneth Waldron, Felix E. Zajac

Professor (Teaching): David W. Beach

Courtesy Professors: George S. Springer, Paul Y ock

Courtesy Associate Professor: Fu-Kuo Chang

Courtesy Assistant Professor (Research): CharlesA. Taylor

Senior Lecturer: J. Craig Milroy

Lecturers: Eugene Alexander, Michael Barry, Albert Makino, Neal
Moaoore, Richard Neptune, M atthew R. Ohline, Robert E. Smith, Nancy
Squires

Consulting Professors: Gary Beupre, David M. Golden, Philip G. Hodge,
Jr., Barry M. Katz, Victor D. Scheinman, Edith Wilson

Consulting Associate Professors: J. Edward Carryer, Brent Constantz,
Paul Mitiguy, Carol B. Muller, Sunil Puria

Consulting Assistant Professors: Michael Barry, Brendan J. Boyle,
William Burnett, SaraLittle Turnbull, Scott Y erby

Visiting Professors: Dick Desautel, Javier Jimenez, Darryl, Thelen

Visiting Associate Professor: B. Gurumoorthy

Visiting Assistant Professor: Darryl Thelen

TheprogramsintheDepartment of Mechanical Engineering(ME) are
designedto providebackgroundfor awidevariety of careers. Thedisci-
plineisvery broad, but isgenerally understood to emphasi ze an appro-
priatemix of applied mechanics, biomechanical engineering, computer
simulations, design, and energy scienceandtechnology. Graduatesat all
degreelevelshavetraditionally entered into energy industries, product
manufacturing industries, transportation, government |aboratories and
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agencies dealing with these problems, and a variety of academic posi-
tions.

Sincemechanical engineering isabroad discipline, theundergradu-
ate program can be a springboard for graduate study in business, law,
medicine, political science, and other professionswhere agood under-
standing of technol ogy isoftenimportant. Both undergraduateand grad-
uate programs provide excellent technical background for work in bio-
mechanical engineering, environmental pollution control, ocean
engineering, transportati on, and on other multidisciplinary problemsthat
concern our society. Throughout the various programs, considerable
emphasisis placed on developing systematic procedures for analysis,
effectivecommunication of one’ swork andideas, practical and aesthet-
icaspectsindesign, and responsibleuseof technology. Thiscan provide
astudent with anapproach and aphilosophy of great utility, irrespective
of an ultimate career.

The department has five divisions: Biomechanical Engineering,
Design, Flow Physics and Computation Division (jointly with the De-
partment of Aeronauticsand Astronautics), Mechanicsand Computation,
and Thermosciences. Each maintainsits own labs, shops, and offices.

The Biomechanical Engineering (BME) Division has teaching and
research activitieswhichfocusprimarily on muscul oskel etal biomechan-
ics, neuromuscular biomechanics, cardiovascular biomechanics, and
rehabilitation engineering. Research in other areasincluding hearing,
ocean, plant, and vision biomechanics exist in collaboration with asso-
ciated faculty in biology, engineering, and medicine. The Biomechani-
cal Engineering Division has particularly strong research interactions
withtheM echanicsand Computation Division, theDesign Division, and
the departments of Functional Restoration, Radiology, and Surgery in
the School of Medicine.

The Design Division emphasizes cognitive skill development for
creativedesign. Itisconcerned with automatic control, computer-ai ded
design, creativity, design aesthetics, designresearch, experimental stress
analysis, fatigueand fracturemechanics, finiteelement analysis, human
factors, kinematics, manuf acturing systems, microcomputersindesign,
micro-electromechanics systems (MEMS), optimization, design for
manufacturability, androbotics. TheDesign Division offersundergrad-
uate and graduate programsin Product Design (jointly with the Depart-
ment of Artand Art History). Thedivision offersamaster’ sprogramin
Manufacturing Systems Engineering jointly with the Department of
M anagement Scienceand Engineering, and the Graduate School of Busi-
ness.

TheFlow Physicsand Computation Division (FPC) isajoint labora-
tory of thedepartmentsof Aeronauticsand Astronautics, and M echani-
cal Engineering. FPC iscontributing new theories, modelsand compu-
tational tools for accurate engineering design analysis and control of
complex flows(including acoustics, chemical reactions, interactionswith
electromagnetic waves, plasmas, and other phenomena) of interest in
aerodynamics, el ectronicscooling, environment engineering, materials
processing, planetary entry, propulsion and power systems, and other
areas. A significant emphasis of FPC research ison physical modeling
andanalysi sof physical phenomenainengineering systems. FPC students
and research staff are devel oping new methodsand tool sfor generation,
access, display, interpretation and post-processing of large databases
resulting from numerical simulations of physical systems. Researchin
FPC ranges from advanced simulation of complex turbulent flowsto
activeflow control. The FPC faculty teach graduate and undergraduate
courses in acoustics, aerodynamics, computational fluid mechanics,
computational mathematics, fluid mechanics, combustion, and thermo-
dynamicsand propulsion.

The Mechanics and Computational Division covers biomechanics,
continuum mechanics, dynamics, experimental and computational me-
chanics, finite element analysis, fluid dynamics, fracture mechanics,
micromechanics, nanotechnology, and simul ation based design. Quali-
fied students can work asresearch project assistants, engaginginthesis
research inworking associationwith thefaculty director and fellow stu-
dents. Projectsinclude analysis, synthesis, and control of systems; bio-
mechanics; flow dynamics of liquids and gases; fracture and micro-
mechanics, vibrations, and nonlinear dynamics; and original theoretical,



computational, and experimental investigationsin the strength and de-
formability of elastic andinel astic el ementsof machinesand structures.

TheThermosciencesDivision offerscoursesand specializedworkin
appliedthermodynamics, combustion, energy systems, fluid mechanics,
gas physics and chemistry, heat transfer, laser diagnostics, materials
processing, plasmasciences, propulsion, and sensors.

Mission Statement—Thegoal of Stanford’ sundergraduate program
in Mechanical Engineering isto provide each student with abalance of
intellectual and practical experiences, accumulation of knowledge, and
self-discovery in order to prepare the graduate to address a variety of
societal needs. The program prepares each student for entry-level work
asamechanical engineer, for graduate study in engineering, or for grad-
uate study in another field where abroad and fundamental engineering
background providesadesi rablefoundation. With solid groundinginthe
principles and practice of mechanical engineering, graduates are ready
to engagein alifetime of learning about and employing new concepts,
technol ogies, and methodol ogies, whatever their ultimate career choice.

FACILITIES

Thedepartment divisionsmaintain modern|aboratoriesthat support
undergraduate and graduate instruction and graduate research work.

The Structures and Composites L aboratory, ajoint activity with the
Department of Aeronauticsand Astronautics, studiesstructuresmade of
fiber-reinforced composite materials. Equipment for fabricating struc-
tural elementsinclude autoclave, filament winder, and presses. X-ray,
ultrasound, and an el ectron microscope areavail ablefor nondestructive
testing. Thelab also hasenvironmental chambers, ahigh speed impac-
tor, and mechanical testers. Lab projects include designing composite
structures, developing novel manufacturing processes, and evaluating
environmental effects on composites.

Experimental facilities are avail able through the interdepartmental
Structuresand Solid M echanicsResearch L aboratory, whichincludesan
electrohydraulic material stesting system, avehiclecrash simulator, and
ashaketablefor earthquakeengineering and rel ated studi es, together with
highly sophisticated auxiliary instrumentation. Facilities to study the
micromechanicsof fracture areasare availablein the Micromechanics/
Fracture Laboratory, and include acomputer controlled materialstest-
ing system, along distancemicroscope, an atomicforcemicroscope, and
other instrumentation. Additional facilitiesfor evaluation of materials
are available through the Center for Materials Research, Center for In-
tegrated Circuits, and the Ginzton L aboratory. Laboratoriesfor biolog-
ical experimentation are avail able through the School of Medicine. In-
dividual accommodation is provided for the work of each research
student.

Many Biomechanical Engineering Division activitiesand resources
areassociated with the Rehabilitation Research and Devel opment Cen-
ter of the V eterans Administration Palo Alto Health Care System. This
major national research center hascomputational and prototyping facil-
ities. In addition, the Rehabilitation Research and Devel opment Center
houses the Electrophysiology Laboratory, Experimental M echanics
Laboratory, Human Motor Control Laboratory, Rehabilitation Device
Design L aboratory, and Skel etal BiomechanicsL aboratory. Thesefacil-
itiessupport graduate coursework aswell asPh.D. student research ac-
tivities.

Computational and experimental work isalso conducted in various
facilitiesthroughout the School of Engineering and the School of Med-
icine, particularly the Advanced Biomaterial s Testing L aboratory of the
Department of Material Science and Engineering, the Orthopaedic Re-
search Laboratory inthe Department of Functional Restoration, andthe
Vascular Research Laboratory inthe Department of Surgery. Incollab-
oration with the School of Medicine, biologically and clinically orient-
edwork isconductedin variousfacilitiesthroughout the Stanford M ed-
ical Center and the Veterans Administration Palo Alto Health Care
System.

TheDesign Division hasfacilitiesfor lab work in experimental me-
chanics and experimental stress analysis. Additional facilities, includ-
ing MT Selectrohydraulicmaterial stest systems, areavail ableinthe Solid
M echanics Research Laboratory. Design Division students also have
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accessto Center for Integrated Systems (CIS) and Ginzton Lab micro-
fabrication facilities.

The division also maintains the Product Realization Laboratory, a
teachingfacility offering studentsintegrated experiencesin market def-
inition, product design, and prototype manufacturing. The PR Lab pro-
videscoaching, design and manufacturing tool s, and networking oppor-
tunities to students interested in product development. The ME 310
Design Project Laboratory hasfacilitiesfor CAD, assembly, andtesting
of original designs by master’ s studentsin the engineering design pro-
gram. A Smart Product Design Laboratory supports microprocessor
application projects. The Center for Design Research (CDR) hasan ex-
cellent facility for concurrent engineering research, development, and
engineering curriculum creation and assessment. Resources include a
network of high-performance workstations. For World Wide Web me-
diated concurrent engineering by virtual, non-col ocated, design-devel-
opment teams, seethe CDR URL (http://cdr.stanford.edu). In addition,
CDRhasseveral industrial robotsfor student projectsand research. These
and several NC machines are part of the CDR Manufacturing Sciences
Lab. The Manufacturing Modeling Laboratory (MML) addresses vari-
ous modelsand methodsthat |ead to competitive manufacturing. MML
links design for manufacturing (dfm) research at the Department of
M echanical Engineeringwith supply chain management activitiesat the
Department of Management Science and Engineering. The Rapid Pro-
totyping Laboratory consists of seven processing stations including
cleaning, CNC milling, grit blasting, laser deposition, low temperature
deposition, plasmadeposition, and shot peening. Students gain experi-
enceby using ACISand Pro Engineer on Hewlett Packard workstations
for processsoftwaredevel opment. TheDesign Divisionalsohasaunique
“Product Design Loft,” inwhich studentsinthejoint programin Design
develop graduate thesis projects.

Flow Physics and Computation Division has a 32 processor Origin
2000 super computer and an array of powerful workstations for graph-
icsand advanced dataanalysis. FPCisstrongly allied with the Center for
Turbulence Research (CTR), aresearch consortium between Stanford
andNASA, andtheCenter for Integrated Turbulence Simulations(CITS),
whichissupported by theDepartment of Energy (DOE) under itsAccel -
erated Strategic Computing I nitiative (ASCI). The Center for Turbulence
Research hasdirect accessto major national computing facilitieslocat-
ed at the nearby NA SA-Ames Research Center, including massively
parallel super computers. The Center for Integrated Turbulence Simu-
|ationshasaccessto DOE’ svast supercomputer resources. Theintellec-
tual atmosphereof the Flow Physicsand Computation Divisionisgreat-
ly enhanced by the interactions among CTR’s and CITS' s staff of
postdoctoral researchersand distinguished visiting scientists.

The Mechanics and Computation Division has a Computational
Mechanics Laboratory that provides an integrated computational envi-
ronment for research and research-related education in computational
mechanics and scientific computing. The laboratory houses Silicon
Graphics, Sun, and HPworkstationsand servers, including an 8-proces-
sor SGI Origin2000 and a16-processor networked cluster of Intel-archi-
tecture workstations for parallel and distributed computing solution of
computationally intensive problems. A wide spectrum of softwareis
availableonthelaboratory machines, including major commercial pack-
ages for engineering analysis, parametric geometry and meshing, and
computational mathematics. The laboratory supports basic research in
computational mechanicsaswell asthedevel opment of related applica-
tions such as simul ation-based design technol ogy.

The Thermosciences Division hastwo major labs. The Heat Trans-
fer and TurbulenceMechanics(HTTM) Laboratory concentratesonfun-
damental research aimed at understanding and improved prediction of
turbulent flows and thermal and fluid sciences at the microscales. The
High Temperature Gas-Dynamics Laboratory (HTGL) isengaged in
research activitiesin combustion, |aser-based diagnostics and sensors,
plasmasciences, pollutant formation, and reactive and non-reactivegas
dynamics. The experimental capability of the HTGL includesacentral
|aboratory computer with dedicated minicomputers, diagnostic devices
for combustion gases, aspray combustion facility, laboratory combus-
torsincluding a coal combustion facility and supersonic combustion
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facilities, several advanced laser systems, avariety of plasmafacilities,
apulsed detonationfacility, and four shock tubesand tunnels. The Ther-
mosciences and Design Division share the Microscale Thermal and
Mechanical Characterizationlaboratory (MTMC). MTM Cisdedicated
to the measurement of thermal and mechanical propertiesin thin-film
systems, including microfabricated sensors and actuators and integrat-
edcircuits, and featuresananosecond scanning laser thermometry facil-
ity, alaser interferometer, anear-field optical microscope, and anatom-
icforcemicroscope. Theactivitiesat MTM C areclosely linked to those
at the Heat Transfer Teaching Laboratory (HTTL), where undergradu-
ateand master’ sstudentsuse high-resol ution probe stati onsto study ther-
mal phenomenain integrated circuits and thermally-actuated microv-
alves. HTTL also provides macroscopic experimentsin convection and
radiative exchange.

Guidance and Control Laboratory, ajoint activity with the Depart-
ment of Aeronauticsand Astronauticsand the Department of Mechani-
cal Engineering, specializesinconstructionof electromechanical systems
andinstrumentation, particul arly wherehigh precisionisafactor. Work
ranges from robotics for manufacturing to feedback control of fuel in-
jection systems for automotive emission control. The faculty and staff
work in close cooperation with both the Design and Thermosciences
Divisions on device development projects of mutual interest.

Many computation facilities are available to department students.
Threeof thedepartment’ slabsare equi pped with super-minicomputers.
Numerous smaller minicomputers and microcomputers are used in the
research and teaching |aboratories.

Library facilitiesat Stanford are outstanding. In addition to the gen-
eral library, thereare Engineering, Mathematics, Physics, and other de-
partment libraries of which engineering students make frequent use.

UNDERGRADUATE PROGRAMS

BACHELOR OF SCIENCE

Specializingin mechanical engineering (ME) during theundergrad-
uate period may be done by following the curriculum outlined earlier
under the“ School of Engineering” section of thisbulletin. The Univer-
sity’ sbasic requirements for the bachelor’ s degree are discussed in the
“Undergraduate Degrees” section of thisbulletin. Coursestaken for the
departmental major (math; science; science, technology, and society;
engineering fundamentals; and engineering depth) must be taken for a
letter gradeif theinstructor offersthe option.

A Product Designprogramisoffered by theDesign Divisionandleads
totheB.S. Engineering (Product Design). Anindividually designed major
in Biomechanical Engineering (B.S.E.: Biomechanical Engineering),
offered by the Biomechanical Engineering Division, may be appropri-
atefor some students preparing for medical school or graduate bioengi-
neering studies.

Grade Requirements—To berecommended by the department for a
B.S. in Mechanical Engineering, a student must achieve the minimum
grade point average (GPA) set by the School of Engineering (2.0in en-
gineering fundamental s and engineering depth).

For information about an M E minor, seethe* School of Engineering”
section of thisbulletin.

COTERMINAL B.S./M.S. PROGRAM

Stanford undergraduates who wish to continue their studies for the
Master of Science degree in the coterminal program should apply for
entranceafter thebeginning of theeighth quarter of undergraduatework
and before the end of the 11th quarter. The application must provide
evidenceof potential for strong academic performanceasagraduate stu-
dent. The application is evaluated and acted on by the graduate admis-
sionscommittee of the department. Typically, aGPA of at least 3.25in
engineering, science, and mathisexpected. Applicantsmust have com-
pletedtwoof 111,112,113, 131A, 131B, 131C, and must takethe Grad-
uate Record Examination (GRE) before action istaken on the applica-
tion. Product designersmust havecompleted 116A to beconsidered, and
arerequired towork at | east oneyear beforerejoining the program. Co-
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terminal information and forms can be obtained from the ME Student
Servicesoffice.

GRADUATE PROGRAMS
ADMISSION AND FINANCIAL ASSISTANCE

Tobeeligiblefor admission tothe department, astudent must havea
B.S. degreein engineering (the Ph.D. degreerequiresthe completion of
the M.S.), physics, or acomparable science program. Applications for
all degreeprogramsareaccepted throughout theyear, although applica-
tionsfor fellowship aid must bereceived by January 14. Thedepartment
annually awards, onacompetitivebasis, alimited number of fellowships,
teaching assistantships, and research assi stantshipsto incoming gradu-
atestudents. Research assistantshipsareused primarily for post-master’s
degreestudentsand areawarded by individual faculty research supervi-
sors, not by the department. Preference for teaching assistantshipsis
generally givento studentswho obtainthebachel or’ sor master’ sdegrees
at Stanford.

Mechanical engineeringisavaried profession, ranging from prima-
rily aesthetic aspects of design to highly technical scientific research.
Disciplineareasof interest to mechani cal engineersincludebiomechan-
ics, energy conversion, fluid mechanics, materials, nuclear reactor en-
gineering, propulsion, rigid and elastic body mechanics, systemsengi-
neering, scientific computing, and thermodynamics, to name afew. No
mechani cal engineer isexpected to haveamastery of theentirespectrum.

Master’s degree programs are offered in Mechanical Engineering
(M.S.:ME), Engineering (Manufacturing Systems Engineering,
M.S.E.:M SE), Engineering (Biomechanica Engineering, M.S.E..BME),
Engineering (Product Design, M.S.E.:PD), and Engineering (M.S.E.).

The following sections list specific requirements for the master’s
degreeslisted above.

MASTER OF SCIENCE

Thebasic University requirementsfor theM.S. degreearediscussed
inthe“ Graduate Degrees” section of thisbulletin.

Themaster’ sprogramnormally consistsof threequartersof full-time
coursework. No thesisisrequired, although many students becomein-
volved in research projects during the master’ syear, particularly to ex-
ploretheir interests in working for the Ph.D. degree. Students whose
undergraduate backgrounds are entirely devoid of some of the major
subject disciplinesof engineering (for example, applied mechanics, ap-
pliedthermodynamics, fluid mechanics, ordinary differential equations)
may need to take someundergraduate coursestofill in obviousgapsand
preparethemsel vestotakegraduate coursesintheseareas. Such students
may reguiremorethanthreequarterstofulfill themaster’ sdegreerequire-
ments, as the make-up courses may not be used for other than the unre-
stricted electives(seeitem‘ 4’ below) intheM.S. degreeprogram. How-
ever, itisnot thepolicy torequireful fillment of mechanical engineering
B.S. degreerequirementsinorder toobtainan M.S. degree; furthermore,
studentswho havealready fulfilled certain categoriesof theM.S. degree
regquirementsasaresult of undergraduate work may find they have suf-
ficient time(seeitem' 3’ below) to obtaintheM.S. degreein the normal
three quarters.

MECHANICAL ENGINEERING

Themaster’ sdegree program requires45 unitsof coursework taken
asagraduate student. At least 36 of the units must betaken at Stanford;
any unitstransferred from other universities (up to 9 are allowed) must
beingraduate-level coursestakenwhileregistered asagraduate student
and may not beappliedtoward fulfillment of item* 2’ below. Nothesisis
required. However, studentswho desire some research experience dur-
ing the master’ syear may participatein research through ME 290, 291,
and 292.

Thedepartment’ srequirementsfor theM.S.in Mechanical Engineer-
ing are:

1. Mathematical Competencein Two of the Following Areas: complex
variables, linear algebra, modernalgebra, numerical analysis, partial
differential equations, statistics, or vector and tensor analysis, as



demonstrated by completion of two coursesfrom Computer Science

137,205, 237A,B,C; Mathematics 106, 109, 113, 131, 132; ME 200-

208; Statistics 110, 161. Requirement: 6 units.

Students who completed comparable graduate-level courses as
undergraduatesand who can demonstratetheir competencetoinstruc-
torsmay beexempted fromthisrequirement by their advisersandthe
ME Student Servicesoffice, and placetheunitsintheapproved el ec-
tive category.

2. Eighteen unitsof graduate-level coursesin ME consisting of:

a) A SpecialtyinMechanical Engineering: aset of graduate-level
courses in mechanical engineering to provide depth in one
area. These setshave been approved by thefaculty asproviding
depth in specific areas as well as a significant component of
applications of the material in the context of engineering
synthesis. These courses are listed in the Mechanical
Engineering Graduate Handbook.

b) Breadth in Mechanical Engineering: at |east two additional
graduate-level coursesoutsidethedepth areato bring thetotal
number to at least 18 ME unitsin courses numbered 207 and
above, excluding 290-301 and math courses. Courses 200-206,
288-301, and 311 may not be counted in these categories.

3. Approved Electives(tobring thetotal number of unitsto 39): all these
units must have adviser approval. Graduate engineering, math, and
science courses are normally approved, and upper-level undergrad-
uate coursesmay be approved if consistent with the student’ s objec-
tives. Of the39 units, no morethan 6 may comefrom M E 291 and 292,
and no morethan 3 may comefrom the other coursesnumbered 290-
299 or other seminars. Students planning aPh.D. degree should dis-
cusswiththeir adviser thedesirability of taking 291 or 292 duringthe
master’ syear.

4. Unrestricted Electives (to bring the total number of units submitted
fortheM.S. degreeto45): studentsare encouraged to usethese units
outsideof engineering, mathematics, or thesciences. Studentsshould
consult their advisers on course loads and on ways to use the unre-
stricted electivesto make amanageable program.

5. Within the courses satisfying the requirements above, there must be
at least one graduate-level course dealing with lab studies. Courses
which satisfy thisrequirement are207A,B, 217B, 218A, 224, 225A,
226B, 248, 254, 267, 282A, 282B, 303, 310A,B,C.

Candidatesfor theM.S. in Mechanical Engineering are expected to
have the approval of the faculty, and a minimum grade point average
(GPA) of 2.75inthe45 unitspresentedin fulfillment of degreerequire-
ments. All coursesused to fulfill requirements 1, 2, 3, and 5 above must
begraded (excluding seminarsand coursesfor which aSatisfactory/No
Credit gradeisgiventoall students).

Students falling below a GPA of 2.5 at the end of 20 units may be
disqualified from further registration. Studentsfailing to meet the com-
pletedegreerequirements at the end of 60 unitsof graduateregistration
aredisqualifiedfromfurther registration. Coursesusedtofulfill deficien-
ciesarising frominadequate undergraduate preparation for mechanical
engineering graduate work may not be applied to the 60 units required
for graduate registration.

PRODUCT DESIGN

Thefocus of the Joint Program in Design istheintersection of tech-
nology with human needsand aspirations. Thisprogramisajoint offer-
ing of the Department of Mechanical Engineering and the Department
of Artand Art History. Theresultingtwo-year degreeof M Sin Engineer-
ing (Product Design) isconsidered aterminal degreefor the practice of

design.

Course No. and Subject Units
Art & Art History 160, 169/269, 268 6
Art & Art History 360A,B,C. Master’ s Project* 6
ME 211A,B,C. Master’ s Project* 12
ME 212. Calibrating the Instrument 2
ME 303. Manufacturing and Design 4
ME 313. Ambidextrous Thinking 3
ME 316A,B,C. Advanced Product Design 12
Approved Electivest 9
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Free Electivest _ 6
Total

* Taken jointly each quarter.s
T These electives allow a student to pursue studies suited to personal needs. A list of pre-

approved product design electivesis outlined in the Mechanical Engineering Graduate
Handbook.

Note: Stanford BS (Product Design) degree holders admitted to the program design a 45-
unit program with their adviser.

Admission requirements arethe sasme asfor the M.S.:ME described
above, with the additional requirements of a minimum of one year’'s
experience after the bachelor’ s degree, and a portfolio showing strong
evidence of design ability and aesthetic skillsand sensitivity.

Studentswith non-engineering undergraduatedegreesindesign, art,
architecture, etc., may apply to the Department of Art and Art History
for asimilar graduate design program administered by that department
andleadingtoan M.F.A. in Design. Studentswith non-engineering de-
greeswhowishtoearntheM.S. degree should consult with theprogram
adviser.

MANUFACTURING SYSTEMS ENGINEERING

TheM.S. in Engineering (Manufacturing Systems Engineering) ad-
dresses the need for engineers who combine management and design
skillsfocused on manufacturing. Thereisacritical need for individuals
who candeal directly with product design for manufacturability; design
of manufacturingtools; financial, organizational , and strategic manage-
ment i ssues; and el ements of automation technol ogy such ascomputer-
aided design, computer-aided manuf acturing robotics, and microproces-
sor control.

Manufacturing SystemsEngineering (M SE) isofferedjointly by two
departments: Mechanical Engineering, and Management Science and
Engineering. The program seekshigh-quality studentswith strong edu-
cational backgroundsin engineering and provides ademanding curric-
ulum strong in both hardware aspects and engineering management.
Students must apply directly to the M SE program by submitting an ap-
plication to the Department of Mechanical Engineering.

Thehardwareand engineering-design aspectsof theprograminclude:

ME 207A,B. Integrated Design in Marketing and Manufacturing
ME 217A,B. Design for Manufacturability
ME 218A,B,C. Smart Product Design
ME 310A. Toolsfor Team-Based Design
ME 310B,C. Design Project Experience with Corporate Partners
ME 313. Ambidextrous Thinking
ME 319. Roboticsand Vision Lab
The engineering management subjectsinclude:

Manag. Sci. & Engr. 203. Organization Behavior and Management
Manage. Sci. & Engr. 225. Manufacturing Systems Design

Manage. Sci. & Engr. 261. Inventory Control and Production Systems
Manage. Sci. & Engr. 262. Supply Chain Management

Manage. Sci. & Engr. 266. Management of New Product Devel opment
Manage. Sci. & Engr. 268. Manufacturing Strategy

Manage. Sci. & Engr. 269. Marketing for Technol ogy-Based Companies

Hardware and engineering design courses provide hands-on knowl -
edge of these functions and the trade-offsthat must be madeto take ad-
vantage of the rel ationships between design and manufacturing.

Engineering management subj ectsprovideasuitableperspectivefor
evaluating alternativefinancial, organizational, and production systems
aswell asafirm’ smanufacturing policy.

Beyond the required core, the curriculum allows for choice from a
broad set of rel evant el ectivesto provideadditional traininginengineer-
ing management and engineering design hardware. Here astudent may
tailor the program to meet individual interests and needs.

Studentsinthe M SE program must havefaculty approval andamin-
imum GPA of 3.0in the 45 units presented in fulfillment of the degree
reguirements.

DUALM.S.E. AND M.B.A. PROGRAM

Studentsinterestedinacareer focused on manuf acturing management
and product devel opment may apply for thedual Manufacturing Systems
Engineering and Master of BusinessAdministration Program. Minimum
reguirementscan bemet through seven quartersof study if thecandidate
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matricul atesto both programs simultaneously. For additional informa-
tion, contact the M SE Design Division Office.

BIOMECHANICAL ENGINEERING

Studentsinterestedin graduate studiesin biomechanical engineering
can choose one of the programs bel ow.

1. M.S.inMechanical Engineering: studentswho apply and areadmit-
tedtotheM.S.:ME program can el ect totakebi omechanical engineer-
ing coursesaspart of their M.S.:ME requirements. Thesecoursesare
usually applied towardsthe student’ sengineering breadth or techni-
cal electives.

2. M.S. in Engineering: Biomechanical Engineering (M.S.E..BME):
thisdegreeprogramallowsstudentsmoreflexibility intaking cours-
esinthelife sciencesand generally emphasizesamoreinterdiscipli-
nary curriculum. Minimum gradepoint average (GPA) requirements
arethe sameasfor the M.S. in Mechanical Engineering.

A Ph.D. in Biomechanical Engineering is not given. Students from
either master’ sdegree path (M echanical Engineering or Biomechanical
Engineering) receivetheir Ph.D. degreesinMechanical Engineering. The
Ph.D. qualifying examinationsareflexibleenoughto accommodate stu-
dentswith either master’ s degree preparation.

ENGINEERING

Asdescribedinthe* School of Engineering” section of thisbulletin,
each department in the school may sponsor studentsin amore general
degree, the M.S. in Engineering. Sponsorship by the Department of
Mechanical Engineering (ME) requires (1) filing a petition for admis-
siontothisprogram ontheday beforeinstructionbegins, and (2) that the
center of gravity of the proposed program liesin ME; no morethan 18
unitsused for the proposed program can have been previously complet-
ed. The program must include at least 9 units of graduate-level work in
the department other than M E 200-206 and 288, 290-297, 301, 311. The
petition must be accompanied by a statement explaining the program
objectivesand how it is coherent, containsdepth, and fulfillsawell-de-
fined career objective. ThegraderequirementsarethesameasfortheM.S.
in Mechanical Engineering.

POST-MASTER’S DEGREE PROGRAMS

Thedepartment offerstwo post-master’ sdegrees: Engineer and Doc-
tor of Philosophy. Post-master’ s research generally requires some evi-
dencethat astudent hasresearch potential beforeafaculty member agrees
to supervision and aresearch assistantship. It ismost efficient to carry
out this preliminary research effort during the M. S. degree year.

ENGINEER

The basic University requirements for the degree of Engineer are
discussed in the* Graduate Degrees’ section of thisbulletin.

This degree represents an additional year of study beyond the M.S.
degree and includes aresearch thesis. The program is designed for stu-
dentswhowishtodo professional engineeringwork upongraduationand
who want to engage in more specialized study than is afforded by the
master’ sdegree alone.

Admission standardsaresubstantially thesameasindi cated under the
master’ s degree. However, since thesis supervisionisrequired and the
availability of thesissupervisorsislimited, admissionisnot granted until
the student has personally engaged afaculty member to superviseare-
search project. This frequently involves a paid research assistantship
awarded by individual faculty members(usually fromthefundsof spon-
sored research projectsunder their direction) and not by thedepartment.
Thus, personal arrangement isnecessary. Studentsstudyingfor theM.S.
degreeat Stanford and desiring to continueto the Engineer degree ordi-
narily make such arrangements during the M.S. degree year. Students
holding master’ sdegreesfrom other universitiesareinvited toapply and
may be admitted providing they are sufficiently well qualified and have
made thesis supervision and financial aid arrangements.

Department requirements for the degree include an acceptabl e the-
sis; upto 18 unitsof credit areallowed for thesiswork. In additiontothe
thesis, 27 units of approved advanced coursework in mathematics, sci-
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ence, and engineering areexpected beyond therequirementsfor theM.S.
degree; the choice of coursesis subject to approval of the adviser. Stu-
dentswho have not fulfilled the Stanford M. S. degree requirementsare
requiredtodo so (withallowancefor approximateequival enceof courses
taken el sewhere).

Candidates for the degree must have faculty approval and have a
minimum grade point average (GPA) of 3.0for all courses (exclusiveof
thesis credit) taken beyond those required for the master’ s degree.

DOCTOR OF PHILOSOPHY

ThebasicUniversity requirementsfor thePh.D. degreearediscussed
inthe“ Graduate Degrees’ section of thisbulletin. The Ph.D. degreeis
intended primarily for studentswho desireacareer inresearch, advanced
development, or teaching; for thistype of work, abroad backgroundin
math and the engineering sciences, together with intensive study and
research experiencein aspecialized area, arethe necessary requisites.

Thedepartment allowsaminor field but doesnot require one. How-
ever, if aminor iswaived, the candidate must show breadth of training
by taking agroup of coursesin oneor morerelated fieldsor departments
asnoted below.

A student studying for the Ph.D. degree ordinarily will not take an
Engineer degree, although thisis not precluded. However, the student
must haveamaster’ sdegree, and must fulfill in essencetherequirements
for the Stanford M.S. degreein Mechanical Engineering.

In special situationsdictated by compelling academic reasons, Aca-
demic Council memberswho are not members of the department’ sfac-
ulty may serveastheprincipal dissertation adviser when approved by the
department. Insuch cases, amember of thedepartment faculty must serve
asprogram adviser and asamember of thereading committee, and agree
to accept responsibility that department procedures are followed and
standards maintained.

Admissioninvolvesmuchthesameconsideration described under the
Engineer degree. Sincethesis supervisionisrequired, admissionisnot
granted until the student has personally engaged amember of the facul-
ty tosupervisearesearch project. Onceastudent hasobtained aresearch
supervisor, this supervisor becomes thereafter the student’ s academic
adviser. Research supervisors may require that the student pass the de-
partmental oral examination before starting research and beforereceiv-
ing a paid research assistantship. Note that research assistantships are
awarded by faculty research supervisors and not by the department.

Prior to being formally admitted to candidacy for the Ph.D. degree,
the student must demonstrate knowledge of engineering fundamentals
by passing aqualifying oral examination. The academic level and sub-
ject matter of the examination correspond approximately to the M.S.
program described above. The form and timing of the examination dif-
fersfor thefivedivisionsof thedepartment. Information may beobtained
from the division or Student Services office.

Normally, the qualifying examination istaken during thefirst post-
master’ syear. A student must have the written approval of atentative
dissertation supervisor (sponsor) inorder to taketheexamination. (Spon-
sorship carries no implication of financial support.) To apply for the
examination, astudent must have a Stanford graduate grade point aver-
age (GPA) equivalent of at least 3.25. Courses used in the GPA evalua-
tion arethe same as those that would be used to meet the M. S. GPA re-
quirement. Studentsentering Stanfordwithan M.S. from another school
must have a3.25 GPA inthat school’ sM.S. program to take the exami-
nationintheir first quarter at Stanford. After thefirst quarter at Stanford,
such astudent must meet the GPA of 3.25 for coursestaken at Stanford.

Ph.D. candidates must compl ete aminimum of 36 unitsof approved
formal coursework (excluding research, directed study, and seminars)
in advanced study beyond the M. S. degree. The courses should consist
primarily of graduate coursesin engineering and sciences, although the
candidate’ sreading committee may approvealimited number of upper-
division undergraduate courses and courses outside of engineering and
sciences, aslong assuch coursescontributeto astrong and coherent pro-
gram. In additionto this 36-unit requirement, all Ph.D. candidates must
participateeach quarter inoneof thefoll owing (or equivalent) seminars:



ME 290, 294, 288, 289, 295, 296, 297, 298, 311; Aeronauticsand Astro-
nautics 296 or 297.

ThePh.D.thesisnormally representsat |east onefull year of research
work and must beasubstantial contributiontoknowledge. Studentsmay
register for coursecredit for thesiswork (ME 301) to hel pfulfill Univer-
sity residencerequirements, but thereisno minimum limit onregistered
dissertation units. Candidates should note that University residencere-
quirements (seethe” Graduate Degrees’ section of thisbulletin) areex-
pressed in terms of equivalent full-time registration and not in terms of
unitsper se; questionson thisshoul d be addressed to themanager of Stu-
dent Services.

Thedepartment hasabreadth requirement for thePh.D. degree. This
may be satisfied either by aformal minor in another department or by
coursework that is approved by the dissertation reading committee.

Thefinal University oral examination is conducted by acommittee
consisting of achair fromanother department and four faculty members
of the department or departments with related interests. Usually, the
committee includes the candidate’ s adviser and two faculty members
chosen to read and sign the candidate’ s dissertation. The examination
consistsof two parts. Thefirstisopentothepublicandisscheduled asa
seminar talk, usually for one of theregular meetingsof aseminar series.
Thesecondisconductedin privateand coverssubjectsclosely relatedto
the dissertation topic.

A student wishing to completethe Ph.D. requirementsin four years
shouldordinarily completetheM.S. by the Spring Quarter of thefirst year,
passthequalifying examination by the Autumn Quarter of thesecondyear
and compl etethecoursework, demonstratefeasibility of research meth-
ods, and obtain approval of thedissertation proposal by theend of thethird
year.

COMBINED Ph.D./M.D. DEGREE PROGRAM

Studentsinterested in a career oriented towards biomechanical re-
search and clinical medicine can pursue the combined Ph.D./M.D. de-
gree program.

ThePh.D. degreeisadministered by the Department of Mechanical
Engineering of the School of Engineering. To beformally admitted asa
Ph.D. degreecandidateinthiscombined degreeprogram, the student must
apply through normal department channel sand must haveearnedanM..S.
inMechanical Engineering, an M.S.Ein Biomechanical Engineering, or
a comparable master’ s degree. Students must pass the Department of
Mechanical Engineering Ph.D. qualifying examination and pursue a
doctoral thesisin abiomechanical engineering area.

TheM.D. degreeisadministered by the School of Medicine. Students
must apply separately throughregul ar channel sfor admissiontotheM.D.
program and satisfactorily complete 204 unitsin coursesand clerkships
approved for credit toward the M.D. degree. Of these, 72 quarter units
must be in clerkships. For further information on the M.D. program,
consult the School of Medicine Catalog.

For students fulfilling the full M.D. requirements who earned their
master’ s level engineering degree at Stanford, the Department of Me-
chanical Engineering may waiveitsnormal department requirement that
the 36 units applied towardsthe Ph.D. degree (beyond the master’ sde-
greelevel) beformal coursework. Consistent withtheUniversity Ph.D.
requirements, the department may instead accept 36 units consisting of
courses, research, or seminarsthat are approved by the student’ sPh.D.
thesisreading committee and thedepartment chair. For further informa-
tion, consult the manager of Student Services.

Ph.D. MINOR

Studentswho wish aPh.D. minor in ME should consult the M E Stu-
dent Servicesoffice. A minor in ME may be obtained by completing 20
units of approved graduate-level ME courses or by completing 9 units
of graduate-level courses and passing the departmental qualifying oral
examination in two appropriate areas identified by the minor adviser.

Courses approved for the minor must form a coherent program and
must be selected from those satisfying requirement ‘2’ for the M.S. in
Mechanical Engineering.
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COURSES

(WIM) indicates that the course meets the Writing in the Magjor re-
quirements.

(AU)indicatesthat thecourseissubject totheUniversity Activity Unit
limitations (8 units maximum).

PRIMARILY FOR UNDERGRADUATES

Note 1—Thefollowing are especially suitable for freshmen.
101. Visual Thinking
103. Manufacturing and Design

Note 2—L ab sectionsin experimental engineering are assigned in
groups. If thelab schedul e permits, studentsareallowed, with dueregard
to priority of application, to arrangetheir own sectionsand | ab periods.
Enrollment with theinstructor concerned, on the day beforeinstruction
beginsor thefirst day of University instruction, isessential in order that
thelab schedulemay beprepared. Enrollment | ater thanthefirstweek is
not permitted.

10. Introduction to Engineering Analysis—(Enroll in Engineering
10.)

30. Engineering Ther modynamics—(Enroll in Engineering 30.)

33.Introductory FluidsEngineering—Elementsof fluid mechanicsas
applied to engineering problems. Equations of motion for incompress-
ibleideal flow. Hydrostatics. Control volumelawsfor mass, momentum,
and energy. Bernoulli equation. Euler n and s equations. Dimensional
analysis and similarity. Flow in ducts. Boundary layer flows. Lift and
drag. Lab demonstration experiments are related to course material.
Limited enrollment Spring Quarter. When possible, register for Winter
Quarter. Prerequisites: 10, Engineering 14 and 30.
4 units, Win (Cappelli)
Sor (Santiago)

38. The Design of Life—The design of avariety of living organismsis
considered from a mechanical perspective.
3 units, Win (Carter)

70N. Stanford Introductory Seminar: The Aerodynamics of Sports
Balls—Preference to freshmen. The aerodynamics of the ball play a
major roleinmany sports, e.g., thecurveand knuckleball inbaseball, the
spiral of acorrectly thrown football, the effect of top spin in tennis, and
the effect of dimples on agolf ball. The complex aerodynamics can be
understood by application of basic concepts and experimental tech-
niques. Simple, intuitive application of the basic principles precede lab
and/or field experiments to verify their intuition. Lab experiments
involve flow visualization in a wind tunnel; field experiments may
involvetestsinthrowing, hitting, or kicking variousballsandinteraction
with local teams. Teams of two to three prepare a written report
discussing the importance of aerodynamicsin a particular sport.
3units, Sor (Mungal)

71Q. Stanford Introductory Seminar: The Burning of Fossil Fuels,
Global Warming, and the Environment—Preference to sophomores.
Combustion hasbeen humankind’ sprimary energy source. Therolethat
combustion plays as a future energy source and the environmental and
economic consequences of this. Issues: projections of energy utilization
and energy sourcesinto thefuture (and the associated uncertainties), the
environmental effects of combustion (including air quality and global
warming), strategiesto reduce the environmental effectsof combustion,
and therole of regulationsin driving combustion technol ogy and the use
of fossil fuels. Structured presentations, open discussion, directed read-
ings. Outside speakers; visit to the campus combustion laboratory.
Project with oral/written reports.
3 units (Bowman) not given 2000-01

72N. Stanford Introductory Seminar : TheJet Engine—Preferenceto
freshmen. Thebasicsof how ajet engineworksand the technol ogiesand
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analytical techniques required to understand them. Brief coverage of
dynamics, thermodynamics, turbomachinery, combustion and pollution
formation, advanced materials, cooling technologies, and control sys-
tems. Field trips. Prerequisites: high school physics and an interest in
how mechanical things work.

3 units, Aut (Eaton)

73N. Stanford Introductory Seminar: Designing the Human Expe-
rience—An Exploration into the Theory and Practice of Design
Thinking—Preference to freshmen. Readings, discussion, and projects
explore the proposition that design education is for everyone.

3 units, Win (Leifer)

74N. Stanford Introductory Seminar : Stuff—Preferencetofreshmen.
The advancement of human society largely depends on the “stuff”
available for housing, transportation systems, industrial products, de-
fense systems, etc. Frequently, “human made stuff” gets exposed to
unfriendly environments such as high temperatures, corrosive liquids,
and gases. Themost extreme conditionsoccursinaircraft engines. A trip
toanairline maintenancefacility providesinsight towhat environmental
conditions advanced turbine blades are required to suffer, and how
engineersprevent the premature death” of turbinebladesto avoid major
catastrophes.
3 units (Prinz) not given 2000-01

75N. Stanford Introductory Seminar: Mechanical Design | ssuesfor
Sports Equipment—~Preference to freshmen. Any sporting goods de-
partment reveals interesting examples of mechanical design, accompa-
nied by “literature” which highlightsthenovel design“features.” Design
features can be understood and are sensible, e.g., “ perimeter weighting”
in golf clubs, or are less obvious, and perhaps of no real utility, eg.,
“bubble shaft” in golf clubs or “fat head” in baseball bats. Analyses of
some designs, and conclusions about their relative merits.
3units, Aut (Kenny)

76N. Stanford Introductory Seminar: Burn Baby Burn—The Sci-
ence of Flames—Preference to freshmen. The roles that chemistry and
fluid dynamicsplay ingoverning thebehaviorsof flames. Emphasisison
factorsthat affect flame microstructure, external appearance, and onthe
fundamental physical and chemical processesthat causeflamesandfires
to propagate. Topics: history, thermodynamics, and pollutant formation
in flames. Trips to labs where flames are studied. Prerequisites: high
school physics and an interest in thermochemical phenomena.
3 units, Sor (Mitchell)

99. Mechanical Dissection—Series of mechanical dissection labs to
resolvecommon questionsof everyday productsand provide confidence
in“hands-on” skills. Studentschooseacurrent product, track itshistory,
obtain samples (current and “antique”), disassemble, and explore func-
tions. Formal and informal presentations. Lab. Enroliment limited to 20.
Prerequisite: keen sense of curiosity.

3 units (Sheppard) not given 2000-01

100A,B. M athematical and Computational M ethodsfor Engineer s—
(Enroll Engineering 155A,B.)

101. Visual Thinking—L ecture/lab. Visual thinking andlanguageskills
are developed and exercised in the context of solving design problems.
Exercises for the mind’s eye. Quickly executed diagrammatic, orotho-
graphic, perspective, and three-dimensional sketching with emphasison
fluent and flexible idea production. The relationship between visual
thinking and the creative process. Enrollment limited to 60.

3units, Aut, Win, Spr (Staff)

102. Integration, Prototyping, Design, and Evaluation—Theintegra-
tion of human values, technol ogy, and manufacturing towards engineer-
ing solutions to design problems. Emphasis is on the development and
timely evaluation of potential candidates through the use of methodolo-
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gy, computers, and rapid prototyping techniques. Lecture and lab.
Enrollment limited to 30.
3 units (Milroy) not given 2000-01

103. Manufacturingand Design—(Graduate studentsregister for 303.)
Emphasisison prototype development techniquesasanintrinsic part of
the design process. The fundamentals of machining, welding, and
casting, introduced inlectureand supported by |ab experience. Manufac-
turing processesthroughlecture, films, andfield trips. Design aspectsare
developedinanindividual term project chosen, designed, and fabricated
by students. Limited enrollment with consent of instructor. Corequisite,
unless student has prior drafting experience: 103D. Corequisite for
Mechanical Engineering and Product Design undergraduate majors for
WIM: Engineering 102M. (WIM)
4 units, Aut, Win (Beach)

103D. Engineering Drawing and Design—T he fundamental s of engi-
neering drawing including orthographic projection, dimensioning, sec-
tioning, exploded and auxiliary views, and assembly drawings. Designed
to accompany 103. Homework drawings are of parts fabricated by the
student in the shop. Major assignmentsin 103 are supported by material
in 103D and assignment dates are sequenced on the assumption that the
student is enrolled in both courses simultaneously.
1 unit, Aut, Win (Milroy)

104. Dynamic Behavior—(Enroll in Engineering 104.)
105. Feedback Control Design—(Enroll in Engineering 105.)

106. Vehicle Dynamics and Contr ol—(Graduate students register for
227.) The application of the principles of dynamics, kinematics, and
control theory to the design and analysis of ground vehicle behavior.
Simplified modelsof ride, handling, and braking, their roleindevel oping
intuition, and their limitationsin engineering design. Suspension design
fundamentals. Multibody dynamics approaches to vehicle modeling.
Performanceand saf ety enhancement through automatic control systems
such as anti-lock braking, active suspensions, and stability control.
Prerequisite: 161 or Engineering 104.
3 units, Sor (Gerdes)

106D. Vehicle Dynamics and Control Laboratory—(Graduate stu-
dents register for 227D.) Demonstration of handling fundamentals,
suspension set-up, and controller design using scale cars.

1 unit, Spr (Gerdes)

109. Computer Aided Design of Model Y achts—(Graduate students
register for 209.) Hands-on introduction to the art and science of
engineering and manufacturing. Students design and construct free
sailing model yachtsto ahigh standard of craftsmanship using Computer
Aided Design and Manufacturing (CAD/CAM). Includes: sailing theory
(aerodynamics and hydrodynamics of sail boats); model yacht design
(nomenclature, scaling issues, lofting, history of rating rules, yacht
aesthetics, tradeoffs between speed and control); the use of design and
manufacturing systems (MaxSurf, Vellum, and laser-cuter); necessary
construction techniques (hull fixture, planking, fiberglassing, casting
ballast, sail making, finishing, and rigging); and sailing technique
(tuning for performance). Field trips. Enrollment limited to 33.
4 units (Faste) alternate years, given 2001-02

110A. Design Sketching—Freehand sketching, rendering, and design
development. Work isguided by instructors. Concurrent assignmentsin
115 and 116B,C provide subject matter, but the classis open to anyone
wishing to improve freehand drawing skills. (AU)

1 unit, Win, Spr (Staff)

110B. Advanced Design Sketching—Freehand sketching, rendering,
design development, and some computer use. Work isguided by instruc-



tors. Concurrent assignmentsin 116A provide subject matter. Prerequi-
site: 110A or consent of instructor based on drawing skill. (AU)
1 unit, Aut (Staff)

111. Stress, Strain, and Strength—Review of the basic mechanics of
materials and engineering properties of structural materials. Stress
concentrationsandtheir avoidancethrough design. Staticfailuretheories
for ductile and brittle materials. Introduction to fracture mechanics.
Review of surfacefailure mechanismsincluding corrosion, fretting, and
wear. Structural failure by global and local buckling of columns and
plates. Introduction to failure by fatigue; fatigue failure criteriaand life
prediction methods. Case studies in failure of structural components
emphasizing applications to mechanical design.
3 units, Aut (Pinsky)

112. M echanical SystemsDesign—Objectives: providestudentsfamil-
iarity with thefunction of basic machineelements(e.g., gears, bearings),
the trade-offs between various classes of machine elements, perfor-
mance characteristics of various machine elements, and systems level
design; andto provideexperienceinworkinginteams, selecting machine
classesin synthesis-type problems, iterative design including prototyp-
ing, communicating ideas in graphical, textual, and oral forms, and
design critiquing. Lecturers, labs. Prerequisites: 101, 111. Recommend-
ed: 103, Engineering 15.

4 units, Win (Gerdes)

113. Mechanical Engineering Design—Objective: create designs and
models of new mechanical devices. Designisstudied as an activity and
experienced by students asthey work on ateam design project obtained
from industry and other sponsoring organizations. Prerequisites: 101,
103, 111, 112.

3 units, Spr (Saff)

114. Elements of Form—An exploration of proportion, rhythm, meta-
phor, scale, modularity, and other key conceptsthat enhance the design-
er's ahility to generate appropriate form.Demonstrations, discussions,
drawing, product examples, and modeling exercises develop the stu-
dent’s form vocabulary. Enrollment limited to 12. Prerequisites: 103,
115, and consent of instructor.

2 units, Spr (Faste)

115. Human Valuesin Design—Active encounters with human values
in design. Lectures survey the central philosophy of the product design
program, emphasi zing the rel ation between technical and human values,
theinnovation process, and design methodology. Lab exercisesinclude
development of simple product concepts visualized in rapidly executed
three-dimensional mockups. Prerequisite: 101.

3units, Win (Kelley)

116A. Advanced Product Design: For mgiving—(Graduate students
register for 316A.) Small- and medium-scale design projectsare carried
to a high degree of aesthetic refinement. Emphasisis on generating the
appropriate formsto thetask and setting. Prerequisites: 115, Art and Art
History 160.

4 units, Aut (Staff)

116B. Advanced Product Design: Needfinding—(Graduate students
register for 316B.) Exploration of human needs that leads to conceptu-
alization of future products, environments, systems, and services. Field
workinpublicand privatesettings; appraisal of personal val ues; readings
on socia ethnographic issues; and needfinding for a corporate client.
Emphasis is on developing the flexible thinking skills that enable the
designer to navigate the future. Prerequisite: 115, 116A, or consent of
instructor.
4 units, Win (Faste)

116C. Advanced Product Design: I mplementation—(Graduate stu-
dents register for 316C.) Summary project utilizing the knowledge,
methodology, and skills obtained in 115A,B, and 116A,B. Students
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implement design concept and present it to a professional jury. Prereg-
uisite: 116.
4 units, Spr (Staff)

117. Introduction to Sensors—(Graduate students register for 220.)
Sensors are widely used in scientific research and as an integral part of
commercial products and automated systems. The basic principles for
sensing displacement, force, pressure, accel eration, temperature, optical
radiation, nuclear radiation, and other physical parameters. Perfor-
mance, cost, and operating requirements of avail able sensors. Elementa-
ry electronic circuits which are typically used with sensors. Lecture
demonstration of arepresentative sensor from each category elucidates
operating principlesand typical performance. L ab experimentswith off-
the-shelf devices.
3-4 units, Spr (Kenny)

118. Introduction to M echatr onics—(Graduate students register for
318.) Open to undergraduate and graduate students. Introduces the
technologies involved in mechatronics (Intelligent Electro-Mechanical
Systems) and the techniques necessary to apply this technology to
mechatronic system design. Topics: electronics (A/D, D/A converters,
op-amps, filters, power devices); software program design, event-driven
programming; hardware and DC stepper motors, solenoids, and robust
sensing. Lab component of structural assignments. Large and open-
ended team project. Limited enrollment. Prerequisites: Engineering 40,
Computer Science 106, or equivalent.
4 units, Win (Kenny, Ohline)

120. History and Philosophy of Design—Major schools of 19th- and
20th-century design (Arts-and-Crafts Movement, Bauhaus, Industrial
Design, and post-modernism) are analyzed in terms of their continuing
cultural relevance. Therelation of designto art, technology, and politics;
readings from principal theorists, practitioners, and critics; recent con-
troversiesin industrial and graphic design, architecture, and urbanism.
Enrollment limited to 40.
3-4 units, Spr (Katz)

128. Designfor AppropriateTechnology—(Graduatestudentsregister
for 328.) Lecture/lab. Design products for developing countries and
marketswith emphasison culturally sensitive need determination; local
material, process, and maintenance limitation; and information transfer.
Weekly labs reinforce lecture topics. Team design projects explore
solutions to real-world needs.

3 units, Sor (Saff)

128X. Design for Appropriate Technology Seminar—(Graduate stu-
dents register for 328X.) Lecture. Design products for developing
countries and markets with emphasis on culturally sensitive need deter-
mination; local material, process, and maintenancelimitation; andinfor-
mation transfer.

1 unit, Spr (Staff)

130. Internal Combustion Engines—Internal combustion enginesin-
cluding conventional and turbocharged spark ignition, and diesel en-
gines. Lectures: basic engine cycles, engine components, methods of
analysis of engine performance, pollutant emissions, and methods of
enginetesting. Lab involves hands-on experience with engines and test
hardware. Limited enrollment. Prerequisites: Engineering 30, 33, 131A
(or concurrent enrollment in 131A), or equivalent.
3 units, Aut (Edwards)

131A. Heat Transfer—(Graduate students register for 250.) The prin-
ciples of heat transfer by conduction, convection, and radiation are
introduced with specific examples from the engineering of practica
devices and systems. Topics:. transient and steady conduction, conduc-
tion by extended surfaces, boundary layer theory for forced and natural
convection, boiling, heat exchangers, and graybody radiative exchange.
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Prerequisites: 33, Engineering 30. Recommended: intermediate calcu-
lus, ordinary differential equations.
4 units, Aut (Goodson)

131B. Fluid M echanics: Compr essibleFlow and Tur bomachinery—
Introduction to engineering applications involving compressible flow:
aircraft propulsion, rocket propulsion, power generation; application of
mass, momentum, energy and entropy balance to compressible flows;
variable areaisentropic flow, normal shock waves, adiabatic flow with
friction, flow with heat addition, Operation of flow systems: the propul-
sion system. Introduction to turbomachinery: pumps, compressors, tur-
bines. Angular momentum analysis of turbomachine performance, cen-
trifugal and axial flow machines, effect of blade geometry, dimension-
less performance of turbomachines; hydraulic turbines; steam turbines;
wind turbines. Compressible flow turbomachinery: the aircraft engine.
Prerequisite: 131A.
3 units, Win (Squires)

134. M oder n Experimentation—Practical introductiontomoderntech-
niques for data acquisition, experimental control, and statistical and
time-domain analysisof sampled data. Introduction to and use of arange
of measurement devices including traditional sensors and optically-
based systems. Lab includes individual work in computerized data
acquisitionand experimental control including A/D and D/A conversion,
digital interfacing, and software development using powerful graphical
programming. Statistical concepts and sensor systems are introduced
with simple experiments on small devices. Teams develop a fully
integrated experiment to test and improve an interesting engineering
system. Prerequisites: 33, 131A.
3 units, Win (Eaton)

140. Integrated Thermal Systems—Capstone course in thermal sci-
ence, providing experience in thermal analysis and engineering, with
emphasis on integrating heat transfer, fluid mechanics, and thermody-
namics into a unified approach to treating complex systems. Lecture
introduces mixtures, humidity, chemical and phase equilibrium, and
availability. Labs apply principles through hands-on experience with a
turbojet engine, aPEM fuel cell, and ahybrid solid/oxygenrocket motor.
Analysis of systems is facilitated using MATLAB as a computational
tool. Prerequisites: 131A, 131B, Engineering 30.
4 units, Spr (Edwards)

161. Dynamic Systems—Modeling, analysis, and measurement of
mechanical and el ectromechanical systems. Numerical and closed form
solutions of ordinary differential equations governing the behavior of
single and multiple degree of freedom systems. Stability, resonance,
amplification and attenuation, and control system design. Demonstra-
tions and laboratory examples. Prerequisites: background in dynamics
and calculus, e.g., Engineering 15 and Mathematics 43; and familiarity
with differential equations, linear algebra, and basic electronics.
4 units, Aut (Mitiguy)

180. Skeletal Development and Evolution—(Graduate studentsregis-
ter for 280.) The development, adaptation, repair, and aging of the
vertebrate skeleton is considered from an evolutionary perspective.
Emphasisisontheinteracting influencesof mechanobiol ogy and molec-
ular genetics.

3units, Sor (Carter)

181. Biomechanics of Movement—(Graduate students register for
381.) Review of experimental techniques used to study human and
animal movement, including motion capturesystems, EMG, forceplates,
medical imaging, and animation. The mechanical properties of muscle
and tendon, and quantitative analysis of musculoskeletal geometry.
Projects and demonstrations emphasize applications of mechanics in
sports, orthopaedics, neurology, and rehabilitation.
3units, Aut (Delp)
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182. Biominer alization—The process of formation and adaptation of
mineralized structures formed by organisms, principally animal skele-
tons. Emphasis is on the interacting influences of phylogenic history,
material constraints, mechanical factors, and other ecological and phys-
iological considerations. Skeletal formation processes and the skeletal
microstructure and ultrastructure of every animal phylum. The evolu-
tionary aspects of body plan design among the major animal phylawith
skeletons.
2 units, Spr (Constantz)

184A. Cardiovascular Biomechanics—(Graduate studentsregister for
284A.) Biomechanical principles are developed and applied to the
cardiovascular system. The relevance of mechanics in the study of
cardiovascular function is examined from a historical perspective. Car-
diovascular system anatomy, tissue mechanics, and blood rheology.
L umped parameter model s, pul sewave propagation models. Womersley
theory, finite element methods of blood flow, pulsatile flow in deform-
able vessels, and cardiac fluid dynamics. Problems in modeling blood
flow within the context of disease research, device design, and surgical
planning.
3units, Win (Taylor)

184B. Cardiovascular Biomechanics—Continuation of 184A.
3units, Sor (Taylor)

191. Engineering Problems and Experimental | nvestigation—Di-
rected study and research for undergraduates on a subject of mutual
interest to student and staff member. Student must find faculty sponsor
and have approval of the adviser.

1-5 units, any quarter (Staff)

194. Medical Device Design—(Graduate students register for 384.)
Offered in collaboration with the School of Medicine. Introduction to
medical device design for undergraduate and graduate engineering
students. Significant design and prototyping. Labs expose students to
medical device environments, including hands on device testing and
field trips to operating rooms and local device companies. Limited
enrollment. Prerequisite: 103/303.
3units, Aut (Milroy)

195. Design and Construction in Wood—(Graduate students register
for 395.) The design and construction of objects using wood. Taught in
the Product Realization Lab. Enrollment limited.

1-3 units, Spr (Milroy)

UNDERGRADUATE AND GRADUATE

Thefollowing are especially suitable for advanced undergraduates
and graduatesand may be used to satisfy theM.S. requirement, item* 3’
above, approved electives.

103. Manufacturing and Design

105. Feedback Control Design—(Enroll in Engineering 105)
113. Engineering Design

161. Dynamic Systems

250. Heat Transfer

PRIMARILY FOR GRADUATES
ENGINEERING MATHEMATICS AND COMPUTATION

200A ,B,Careintendedfor studentsinthemaster’ sprogramwithsome
proficiency in undergraduate engineering mathematics and computing.
Students enrolling in this sequence should have had some exposure to
elementary linear algebra (for example, elementary operations with
matrices), ordinary differential equations (for example, Mathematics
130), and computer programming. Studentswho do not meet theseguide-
linesshould bepreparedtodevoteadditional remedial timetothesecours-
esor consider satisfyingtheir requirementsthrough Mathematics 113 and
131, and Computer Science 137.

200A. M athematical and Computational M ethodsin Engineering—
Thetheory of linear algebra; basis, linear independence, column space,



null space, rank. Emphasisison computer solutions of thelinear system
of algebraicand differential equations. Roundoff errors, pivoting, andill-
conditioned matrices. Quadratic forms, norm and condition numbers,
projection and least-squares, operation counts, eigenvalues, eigenvec-
tors, and their computation. The canonical diagonal form, functionsof a
matrix. Unitary, Hermitian, and hormal matrices. Principal stressesand
axes. Recommended: familiarity with computer programming; Mathe-
matics 103, 130, or equivalent.
3units, Aut (Saff)

200B. M athematical and Computational M ethodsin Engineering—
Geometric interpretation of partial differential equations (PDESs), char-
acteristics, solution of first-order equations, characteristics and classifi-
cation of second-order PDEs, separation of variables, special functions,
eigenfunction expansions, Fourier integrals and transforms, Laplace
transforms, method of characteristics, analytic and numerical tech-
niques, self-similarity. Prerequisite: 200A.
3units, Win (Ferziger)

200C. M athematical and Computational M ethodsin Engineering—
Numerical methodsfrom auser’ spoint of view. Lagrangeinterpolation,
splines. Integration: trapezoid, Romberg, Gauss, adaptive quadrature.
Numerical solution of ordinary differential equations. explicit and im-
plicit methods, multistep methods, Runge-K uttaand predictor-corrector
methods, boundary value problems, eigenvalue problems. Systems of
differential equations, stiffness. Emphasis is on analysis of numerical
methodsfor accuracy, stability, and convergence. I ntroductionto numer-
ical solutions of partial differential equations. Von Neumann stability
analysis. Alternating direction implicit methods, non-linear equations.
Prerequisites: 200A ,B.

3 units, Spr (Moin)

205A,B,C. Partial Differential Equationsof Applied M athematics—
(Enroll in Mathematics 220A,B,C.)

206. Introduction to Symmetry Analysis—(Enroll in Aeronautics and
Astronautics 218.)

DESIGN AND CONTROLS

207A,B. Integrated Design for Marketability and Manufacturing
(IDM M)—Integrated market research, product design, prototype man-
ufacture, pricing, and product management. New product launching, with
emphasis on compressed devel opment cycle time and cross functional
staffing. Teamsof M BAsand engineerscompetefor simulated sal esand
profitability. Innovativeuse of market research asadesigntool, immer-
sion in hands-on manufacturing process, product definition communi-
cation, and sales. Instructorsspecify theproduct marketinwhichall teams
compete.IDMM aimsto graduatel eadersin product devel opment. Lim-
ited enrollment. Enroll both quarters.
4 units, Aut, Win (Beach, Srinivasan)

209. Computer Aided Design of Model Y achts—See 1009.

211A,B,C. Product Design Master’s Thesis—For Product Design or
Design (Art) majors only. Students create and present two masters
theses under the supervision of engineering and art faculty. Theses
involve the synthesis of aesthetics and technological concerns in the
service of human need and possibility. Product Design studentstake for
4units, Art studentstakefor 2 units. Corequisite: Artand Art History 360.

211A. 2-4 units, Aut (Faste, Kelley)

211B. 2-4 units, Win (Faste, Kelley)

211C. 2-4 units, Spr (Faste, Kelley)

212. Calibrating the I nstrument—Open to Product Design or Design
(Art) majors. Calibrating the designer’s mind/body “instrument” in
regards to aesthetic, kinesthetic, sensory, behavioral and experiential
self-knowledge. Improvisation, educational kinesiology, Brain Gym,
Zazen, and other methods are used to center and inform the designer.
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Shared stories and goal setting begin building community.
2 units, Aut (L. Faste, R. Faste)

213. Computer-Aided Prototyping—Design course concentrating on
an integrated suite of modern computer tools: rapid prototyping, solid
modeling, computer-aided machining, computer numerical control man-
ufacturing. Students choose, design, and manufacture individual prod-
ucts, emphasi zing product definition, user benefits, and computer design
tools. Manufacturing focuses on CNC machining. Stanford’s Product
Redlization Lab's relationship to the outside world. Structured lab
experiences build a basic CAD/CAM/CNC proficiency. Evaluation
balances process and results. Enrollment limited.
3 units, Sor (Milroy)

214. Good Productsand Bad Products—Ananalysisof characteristics
of industrial productsthat can cause them to be successesor failures: the
straight-forward (performance, economy, reliability), the complicated
(human and cultural fit, compatibility with the environment, craftsman-
ship, positive emotional response of the user), the esoteric (elegance,
sophistication, symbolism). Engineers and business people must better
understand thesefactorsto produce more successful products. Readings,
lectures, projects, papers, guest speakers, and field trips. Enrollment
limited.
3 units, Win (Adams, Beach)

215. The Designer in Society—Open to al graduate students. Partici-
pants’ career objectivesand psychological orientationarecomparedwith
existing social values and conditions. Emphasisis on assisting individ-
ualsin assessing their rolesin society. Readings on political, social, and
humanistic thought are related to technology and design. Experiential,
in-class exercises, and term project. Attendance mandatory. Enrollment
limited to 24.
3 units, Win (Roth)

216. Introduction to Aircraft Design, Synthesis, and Analysis—
(Enroll in Aeronautics and Astronautics 241A.)

217A.Designfor Manufacturability: Product Definition—Systemat-
ic methodol ogiesto define, develop, and produce competitive products.
Methods cover the characterization of user values, design for manufac-
turability, and environmental compatibility. 217A addresses the key
issuesfor product competitiveness. Student teamsidentify opportunities
for improvement and develop a comprehensive product definition.
Topics: design for value, functional analysis, quality function deploy-
ment, val ue engineering, design for assembly, product line structuring,
process and material selection, design for productability, failure modes
and effects analysis (FMEA), design for serviceability, environmental
product design, and organization issues for simultaneous engineering.
Enrollment limited to 40. No maximum enrolIment for Stanford Instruc-
tional Television Network (SITN) students. Minimum enrollment of two
per viewing site; single student site by prior consent of instructor.
4 units, Win (Ishii)

217B. Design for Manufacturability: Quality by Design—Building
on the product definition process covered in 217A, focuses on the
implementation of competitive product design. Student groups apply
structured methods to optimize the design of an improved product, and
plan for its manufacture, testing, and service. The project deliverableis
a comprehensive product and process specification. Topics: concept
generation and selection (Pugh’s Method), FMEA applied to manufac-
turing process, design for robustness, Taguchi Method, SPC and six
sigma process, tolerance analysis, flexible manufacturing, product test-
ing, rapid prototyping. Enroliment limited to 40, not including SITN
students. Minimum enrollment of two per SITN viewing site; single
student site by prior consent of instructor. Prerequisite: 217A.
4 units, Spr (Ishii)

217C. Manufacturing Systems Design—(Enroll in Management Sci-
ence and Engineering 264.)
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218A. Smart Product Design Fundamentals—Introduction. Lecture,
lab, and design project based series on programmabl e el ectromechanical
systemsdesign. Topics: transistors as switches, basic digital and analog
circuits, boolean algebra, combinatorial and sequential logic, operation-
a amplifiers, comparators, software design, programming in FORTH
and“C.” Team project. Enrollment in 218B,C is contingent on compl et-
ing 218A or passing a Smart Product Design Fundamentals proficiency
examination given at the start of Autumn Quarter. Lab fee. Limited
enrollment.
5 units, Aut (Carryer)

218B. Smart Product Design Applications—Intermediatelevel inthe
seriesof programmabl eel ectromechanical systemsdesign, introducedin
the context of lab assignmentsand integrated into ateam project. Topics:
user |/O, timer systems, interrupts, signal conditioning, software design
for embedded systems, sensors, actuators, noise, and power supplies.
Team project. Lab fee. Limited enrollment. Prerequisite: completion of
218A or passing of the Smart Product Design Fundamental s proficiency
examination.
5 units, Win (Carryer)

218C. Smart Product Design Practice—Advanced level in the series
on programmable electromechanical systems design. Topics: inter-
processor communication, system design with multiple microproces-
sors, architecture and assembly language programming for the PIC
microcontroller, design with programmable logic, understanding and
controlling the embedded softwaretool chain, A/D and D/A techniques,
electronic manufacturing technology. Lab fee. Limited enrollment.
Team project. Prerequisite: completion of 218B.
5 units, Spr (Carryer)

218D. Smart Product Design Pr oj ects—Industrially sponsored project
courseisthe culmination of the Smart Product Design sequence. Student
teams take on an industrial project that requires the application and
extension of the knowledge gained in the prior three quarters, including
prototyping of afinal solutionwith hardware, software, and professional
documentation and presentation. Lectures extend the students’ knowl-
edge of electronic and software design, and electronic manufacturing
techniques. Topics: chip level design of microprocessor systems, real
time operating systems, alternate microprocessor architectures, PCB
layout and fabrication.
4 units, Aut (Carryer)

219. Introduction to Robotics—(Enroll in Computer Science 223A.)
220. Introduction to Sensors—See 117.

221. Materials Selection in Design—(Enroll in Materials Science and
Engineering 270.)

222. Kinematic Synthesis of Mechanisms—The rational design of
linkages. Techniques are presented to determine linkage proportionsto
fulfill variousdesignrequirementsusing analytical, graphical, and com-
puter based methods.

3 units, Win (Roth)

224, Precision Engineering—Advances in engineering are often en-
abled by more accurate control of manufacturing and measuring toler-
ances. Concepts and technology enable precision such that the ratio of
overal dimensions to uncertainty of measurement is large relative to
normal engineering practice. Typica application areas: non-spherical
optics, computer information storage devices, and manufacturing me-
trology systems. Application experienceisgained throughthedesignand
manufacture of aprecision engineering project, emphasizing the princi-
ples of precision engineering. Lectures, structured labs, and field trips.
Undergraduate prerequisite: consent of instructors.
4 units, Spr (Beach, DeBra)
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225A. Control System Design and Simulation—(Enroll in Engineer-
ing 206.)

225B. Analysisand Control of Nonlinear Systems—(Enroll in Engi-
neering 209A.)

226A. Modern Control Design |—(Enroll in Engineering 207A.)
226B. Modern Control Design | 1|—(Enroll in Engineering 207B.)
227. Vehicle Dynamics and Control—See 106.

227D. Vehicle Dynamics and Control Laboratory—See 106D.

228. Introduction to Control Design Techniques—(Enroll in Engi-
neering 205.)

MECHANICS OF SOLIDS

229. Physical Solid M echanics—Statistical mechanicsof solids. Micro-
scopic foundation of solid mechanicsincluding metal's, ceramics, amor-
phous and alloy materials. Thermodynamics and statistical mechanics
of materials. Atomic structure of solids. Dynamics of crystals. Point
defects, dislocations, grain boundariesin solids. Micromechanics of
interfaces and thin films. M echanics of nanostructures.

3 units, Sor (Cho)

230. Advanced Kinematics—Kinematics from mathematical view-
points. Introduction to algebraic geometry of point, line, and plane
elements. Emphasisison basic theorieswhich have potential application
to mechanical linkages, computational geometry, and robotics.

3 units, Aut (Roth)

231A. Dynamics—Formulation of the equations of motion for rigid
multibody systems. Summary of vector calculus. Matrix algebra. Refer-
ence frames. Coordinate systems and vector differentiation. Angular
velocity and acceleration of rigid bodies. Generalized coordinates.
Holonomic and non-holonomic constraints. Generalized velocities. Ge-
ometry of masses. Center of mass. Inertia tensor. Inertia properties.
Principal axes of inertia. Elements of reduction. Generalized active
forces. Generalized inertiaforces.
3 units, Aut (Heegaard)

231B. Dynamics—Methodsfor obtaining equations of motion for rigid
multibody systems. Newton' sequations. D’ Alembert’ s principle. Ener-
gy functions. Lagrange's equations. Hamilton's formalism. Kane's
method. Gibbs-Appel method. Constraint forces. Contact and impact
problems. Numerical integration of equations of motion. Computer
simulations of multibody systems.

3 units, Win (Heegaard)

232A. Introduction to Computational Mechanics |—Overview of
modern computational methods for solving problems arising in the
mechanics of solids and structures. Basic concepts of the finite element
method (FEM) and boundary element method (BEM). Equations of
linear solid mechanics including variational formulations. Elastic bars
(elaticity in one-dimension), steady heat conduction (diffusion), and
plane elasticity (plane stress and strain, axisymmetric elasticity). Stu-
dents develop a finite element code in Matlab using the PDE Toolbox
pre- and post-processor, solve problems, and visualize results at every
stage. Introduction to simulation-based design methodologies.
3 units, Win (Pinsky)

232B. Introduction to Computational M echanics|l—Introductionto
convergence analysis of the finite and boundary element method. Ad-
vanced element formulations: mixed finite element models for incom-
pressible and constrained media. Variational treatment of constraints
based on Lagrange multiplier and penalty methods; contact mechanics.
Extension of the finite element and boundary element methodsto time-
dependent problems, including transient heat conduction and dynamic



analysis. Extension of Matlab finiteelement codefor thetime-dependent
problems.

3 units, Spr (Pinsky)

234A. Finite Element Methodsin Fluid M echanics—Finite element

methods for basic classes of problemsin fluid mechanics. Convective-

diffusive equations. Mixed and penalty methods for incompressible

viscous flows. Shock capturing schemes for compressible Euler and

Navier-Stokes equations. Comparisons with finite difference methods.
3 units (Hughes) alternate years, not given 2001-02

234B. Finite Element M ethodsin Fluid M echanics—Continuation of
234A.
3 units (Hughes) alternate years, not given 2001-02

234C. Finite Element M ethodsin Fluid M echanics—Continuation of
234B.
3 units (Hughes) alternate years, not given 2001-02

235A. FiniteElement Analysis—Emphasisison fundamental concepts
and techniquesof “primal” finite element methods. M ethod of weighted
residuals, Galerkin's method, and variational equations. Linear elliptic
boundary value problems in one, two, and three space dimensions;
applicationsin structural, solid, and fluid mechanics and heat transfer.
Properties of standard element families and numericaly integrated
elements. Implementation of the finite element method. Active column
equation solver, assembly of equations, and element routines. The
mathematical theory of finite elements.
3 units (Hughes) alternate years, given 2001-02

235B. Finite Element Analysis—Finite element methods for linear
dynamic analysis. Eigenvalue, parabolic, and hyperbolic problems.
Mathematical properties of semi-discrete (t-continuous) Galerkin ap-
proximations. Modal decomposition and direct spectral truncation tech-
niques. Stahility, consistency, convergence, and accuracy of ordinary
differential equation solvers. Asymptotic stability, “over-shoot,” and
conservation lawsfor discretea gorithms. Massreduction. Applications
in heat conduction, structural vibrations, and elastic wave propagation.
Computer implementation of finite element methodsin linear dynamics.
Implicit, explicit, and “implicit-explicit” algorithms and code architec-
tures.
3 units (Hughes) alternate years, given 2001-02

235C. Finite Element Analysis—Nonlinear continuum mechanics.
Galerkin formulation of nonlinear elliptic, parabolic, and hyperbolic
problems. Explicit, implicit, and “implicit-explicit” algorithmin nonlin-
ear transient analysis. Stability of ordinary differential equation solvers
for nonlinear problem classes; “energy-conserving agorithms.” Auto-
mati ¢ time-step sel ection strategies. Methods of solving nonlinear alge-
braic systems. Newton-type methods and quasi-Newton updates. Itera-
tiveprocedures. Arc-length methods. Architectureof computer codesfor
nonlinear finite element analysis. Applicationsfrom structural and solid
mechanics, e.g., nonlinear elasticity.
3 units (Hughes) alternate years, given 2001-02

237. Free and Forced Motion of Structures—(Enroll in Aeronautics
and Astronautics 244A.)

238A. Continuum M echanics: An I ntroduction—Introductionto ten-
sor algebra and calculus. Basic kinematics of continuum deformation.
Stress, strain, and strain rate. Conservation of massand balance of linear
and angular momentum. Conservation of energy and thermodynamics.
Governing equations for deformation of an arbitrary continuum body.
Closing the equations through constitutive modeling.

3 units, Aut (Cho)

238B. Continuum M echanics: Applications—Application of continu-
um mechanics to solids. General theory of mechanical constitutive
equations. Multiscale constitutive models of continuum solids from
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microscopic structures. Linear and nonlinear elasticity, viscoelasticity,
thermoelasticity, and plasticity models. Applicationsto biosolids, poly-
mers, metals, structural mechanics, geomechanics, micro-electronic
devices, and MEM S modeling.

3 units, Win (Cho)

240A. Theory and Applications of Elasticity—Concepts of deforma-
tion, strain, stress, and strain energy. Kinematic relations, balance of
momentum and energy, generalized Hooke' s law, and symmetry prop-
erties of eastic constants. Compatibility and uniqueness of solutions.
Formulation of boundary value problems and solution methods using
stress functions and complex variable potentials. Elastic waves in de-
formablesolids. Stressconcentration at holes, inclusions, notches, dislo-
cations, and cracks.
3 units, Win (Gao)

240B. Introduction to Fracture Mechanics—Linear and nonlinear
analysis of crack tip fields. Stress intensity factors and fracture modes.
Energy release rate and fracture criterion. Jintegral concept and other
conservation integrals. Generalized Eshelby forces on defects. Mecha-
nismsof crack nucleation and growth. Parislaw of fatigue crack growth.
Dynamic crack propagation. Prerequisite: 240A.

3 units, Spor (Gao)

240C. Micromechanics of Fracture in Solids—Micromechanics of
fracture processes near a crack tip. Crack interaction with dislocations.
Ductilebrittletransition of solids. Plastic void growthinductilefracture.
Hyperelastic deformation at a crack tip. Local crack tip instabilities
during dynamic fracture. Formation of crack-like flaws by surface
diffusion in nanoscale thin film structures. Mixed continuum and atom-
istic views of brittle fracture.
3 units (Gao)

241A. Theory of Plates—Analysisof stress, deformation in plates bent
by transverse loads. Applicationsto circular, rectangular, other shapes.
Vibrations, buckling. Prerequisite: 111 or Civil and Environmental
Engineering 114.

3units(Seele)

241B. Theory of Shells—Axisymmetric deformation of shells of revo-
lution. Asymptotic expansions, direct and bending stress. Applicationto
design of domes, pressurevessels, expansion jointsand pressure sensing
devices. Use of asymptotic solutions for “very large finite element
computation.” Prerequisite: 111 or Civil and Environmental Engineer-
ing 114.

3units(Seele)

241D. Vibration and Stability of Plates and Shells: Biomechanical
Applications—Basic concepts of vibration, wave propagation, and
stability for thebeam, ring, and shell revolution. Nonlinear shall ow-shell
equations. Applications to biology: fluid-elastic interaction in arteria
flow, wavesin the inner ear, and morphogenesis of plants.

3units, Sor (Seele)

243. Micromechanics—(Enroll in Materials Science and Engineering
350.)

244. Atomistic Simulations of M aterials—Fundamental concepts and
practical techniques of atomistic simulations. Fundamental concepts of
molecular dynamics (MD) and Monte Carlo (MC) simulations are
introduced based on thefinitedifferencemethod. Practical computation-
al techniques of MD and M C simulations. The strength and weakness of
atomistic simulations under the light of the accuracy of interatomic
potentials. Standard methods of simulation analysisin connection with
numerical dataanalysisand statistical mechanics. Advanced simulation
techniques(generalized MD, smart MC simul ations, accel erated dynam-
ics, and multiscale analysis).
3 units (Cho) not given 2000-01
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245. Fatigue Design and Analysis—The mechanism and occurrences
of fatiguein service. Methods for predicting fatigue life and for protect-
ing against premature fatigue failure. Use of elastic stress and inelastic
strainanalysestopredict crack initiationlife. Useof linear elasticfracture
mechanicsto predict crack propagation life. Effects of stress concentra-
tions, manufacturing processes, |oad sequence, irregular loading, multi-
axial loading. Subject is treated from the viewpoints of the engineer
seeking up-to-date methods of life prediction and theresearcher interest-
edinimproving understanding of fatiguebehavior. Prerequisite: strength
of materials.
3 units, Win (Nelson)

246. Techniques of Failure Analysis—Enroll in Aeronautics and
Astronautics 252.)

247A. Microstructureand Mechanical Properties—(Enroll in Mate-
rials Science and Engineering 251.)

248. Experimental Stress Analysis—Theory and applications of pho-
toelasticity, strain gages, and holographic interferometry. Comparison
of test resultswith theoretical predictionsof stressand strain. Discussion
of other methods of stressand strain determination (optical fiber sensors,
acoustoel agticity, thermoel asticity, brittlecoating, Moiré). Student project
on use of strain gages. Lab fee.

3 units, Sor (Nelson)

249A. Quantum Simulationsof M oleculesand M aterials—(Enroll in
Chemical Engineering 444A.)

249B. Quantum Simulations: Materials Micro M echanics—Quan-
tum atomistic simulations of materials to predict structure, strength,
defect energeticsand motion, and surfacesand interfaces. Tight-binding
and density functional methods for covalent, ionic, and metallic solids.
Pseudopotential and plane wave basis for ab initio solid electronic
structure calculations. Applicationsto real materials systemsincluding
micromechanics of electronic devices, MEMS, nanotechnology, and
biomaterials.
3 units (Cho) not given 2000-01

HEAT TRANSFER, FLUID MECHANICS, AND HIGH
TEMPERATURE GAS DYNAMICS

250. Heat Transfer—For graduate students; see 131A.
3units, Aut

251A. Fluid M echanics—Exact and approximate analysis of fluid flow
covering kinematics, global and differential equations of mass, momen-
tum, and energy conversation. Forces and stresses in fluids. Euler's
equations and the Bernoulli theorem applied to inviscid flows. Vorticity
dynamics. Topics in irrotational flow: stream function and velocity
potential for exact and approximate sol utions; superposition of solutions;
complex potential function; circulation and lift. Some boundary layer
concepts.
3units, Aut (Lele)

251B. Fluid M echanics—Laminar viscous fluid flow. Brief review of
governing equations, boundary conditions, and constitutive laws. Exact
solutionsfor parallel flows. Creeping flow limit, [ubrication theory, and
boundary layer theory including free-shear layers and approximate
methods of solution; boundary layer separation. Introduction to stability
theory and transition to turbulence. Prerequisite: 251A.

3units, Win (Lele)

252A. Radiative Heat Transfer—The fundamentals of thermal radia-
tion heat transfer; blackbody radiation laws; radiative properties of non-
black surfaces; analysis of radiative exchange between surfaces and in
enclosures; combined radiation, conduction, and convection; radiative
transfer in absorbing, emitting, and scattering media. Advanced material
for studentswithinterestsin heat transfer, asappliedin high-temperature
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energy conversion systems. Take 252B,C for depth in heat transfer.
Prerequisites: graduate standing and undergraduate coursein heat trans-
fer. Recommended: computer skills.

3units, Aut (Mitchell)

252B. Fundamentals of Heat Conduction—Physical description of
heat conductionin solids, liquids, and gases. The heat diffusion equation
and its solution using analytical and numerical techniques. Data and
microscopic models for the thermal conductivity of solids, liquids, and
gases, and for the thermal resistance at solid-solid and solid-liquid
boundaries. Introduction to the kinetic theory of heat transport, focusing
on applicationsfor composite materials, semiconductor devices, micro-
machined sensorsand actuators, and rarefied gases. Prerequisite: consent
of instructor.
3 units, Win (Goodson)

252C. ConvectiveHeat Transfer—Prediction of heat and masstransfer
ratesbased onanalytical and numerical solutionsof thegoverning partial
differential equations. Heat transfer in fully devel oped pipe and channel
flow, pipeentranceflow, laminar boundary layers, and turbulent bound-
ary layers. Superposition methodsfor handling non-uniformwall bound-
ary conditions. Approximate modelsfor turbulent flows. Comparison of
“exact” and approximate analyses to modern experimental results.
Genera introduction to heat transfer in complex flows. Prerequisites:
250, 251B, or equivaents.
3 units, Sor (Eaton)

254. Computersand I nstrumentation in the Fluid M echanicsL abo-
rator y—Experimental methods associated with the interfacing of 1abo-
ratory instruments, experimental control, sampling strategies, dataanal -
ysis, and introductory image processing. Instrumentation including
point-wise anemometers and particle image tracking systems. Lab.
Prerequisites: previous experience with computer programming and
consent of instructor.
3or 4 units, Win (Santiago)

255. Compr essible Flow—Recommended for studentswith little expe-
rience in compressible flow. Introduction to compressible flow. Sound
wavesand normal shock-waves. Quasi-one-dimensional steady flowsin
variable area ducts with friction, heating, and cooling; unsteady one-
dimensional flow, two-dimensional supersonic flow; oblique shock
waves, Prandtl-Meyer expansions, detonation waves, method of charac-
teristics.
3 units, Win (Bowman)

256. Turbomachinery, Fluid Dynamics, and Design—Theory, perfor-
mance, and design of turbomachines (turbines, pumps, compressors,
windturbines, etc.). Turbomachinesfunction astheresult of thedynamic
interaction of a moving fluid with a bladed rotor. Problems sets, and a
final design problem such asthespecification of blading for acompressor
or aturbinestageto meet prescribed performancecriteria. Prerequisities:
251A or equivalent, plus one-dimensional flow of a perfect gas as
presented in 131B or equivalent.
3 units (Saff) not given 2000-01

257. Fluid Flow in Microdevices—Introduction to the effects of phys-
ico-chemical forcesonthefluidflow of micron-scaleflow devices. Basic
descriptionsof creeping flow, chargedouble-layers, and el ectrochemical
transport (e.g., Nernst-Planck equations) lead to a study of the hydrody-
namics of solutions of charged and uncharged particles. Device applica
tions of interest include microsystems that perform capillary electro-
phoresis, drug dispension, and hybridization assays. Emphasis is on
bioanalytical applications where electrophoresis, el ectro-osmosis, and
Brownianmotion effectsareimportant. Prerequisite: consent of instructor.
3 units, Aut (Santiago)

258. Heat Transfer in Microdevices—A pplication-drivenintroduction
to the thermal design of electronic circuits, sensors, and actuators that



have dimensions comparable to or smaller than one micrometer. The
impact of thin-layer boundaries on thermal conduction and radiation.
Convection in microchannels and microscopic heat pipes. Thermal
property measurements for microdevices. Emphasisison Si and GaAs
semiconductor devices and layers of unusual, technically-promising
materials, e.g., chemical-vapor-deposited (CV D) diamond. Final project
can be based on student research interests. Prerequisite: consent of
instructor.
3 units, Spr (Goodson)

259A. Numerical Methodsin Fluid M echanics—(Enroll in Aeronau-
tics and Astronautics 214A.)

259B. Numerical Computation of Compressible Flow—(Enrall in
Aeronautics and Astronautics 214B.)

259C. Numerical Computation of ViscousFlow—(Enroll in Aeronau-
tics and Astronautics 214C.)

261A. Statistical Theory and Modeling for Turbulent Flow—Aver-
aging and correlations, vorticity and vortex stretching, and the energy
cascade. Reynolds stresses; introduction to transport equations. Length
scales and spectra; “ universal” scaling of small eddies. Law of thewall,
local equilibrium, and eddy viscosity. Properties of boundary layersand
other “thin” shear layers; complex flows. Introduction to prediction
methods; local equilibrium, stress-transport, and eddy-viscosity trans-
port models. Prerequisite: 251B.
3 units, Win (Staff)

261B. Advanced Topicsin Turbulence—Topics vary each year and
may include: spectral representation, rapid distortion theory, Cayley-
Hamilton theorem and consitutive modeling of turbulence, turbulent
dispersion, stochastic differential equati ons, Reynoldsaverageand mod-
eling for reacting flows, vortical structures (topology), intermittancy,
proper orthogonal characteristic eddy decomposition, chaos, Lyapunoff
exponents, fractals, large eddy simulations, subgrid closure, and geo-
physical turbulence.
3 units, Sor (Saff)

262A. Physical Gas Dynamics—Concepts and techniques for descrip-
tion of high-temperature and chemically reacting gasesfromamol ecular
point of view. Introductory kinetic theory, chemical thermodynamics,
and statistical mechanics as applied to properties of gases and gas
mixtures. Transport and thermodynamic properties, law of massaction,
and equilibrium chemical composition. Maxwellian and Boltzmann
distributions of velocity and molecular energy. Examples and applica-
tions from areas of current interest, e.g., combustion and materials
processing.
3 units, Aut (Cappelli)

262B. Nonequilibrium Processes in High-Temperature Gases—
Introduction to chemical kinetics and energy transfer in high-tempera-
ture gases. Collision theory, transition state theory, and unimolecular
reaction theory. Prerequisite: 262A.

3 units, Win (Golden)

263. Partially I onized Plasmasand Gas Dischar ges—Introduction to
partially ionized gases and the nature of gas discharges. Topics: the
fundamentals of plasma physics emphasizing collisional and radiative
processes, electron and ion transport, ohmic dissipation, oscillationsand
waves, interaction of electromagnetic waves with plasmas. Applica-
tions: plasma diagnostics, plasma propulsion and materials processing.
Prerequisite: 262A or consent of instructor.
3 units, Sor (Cappelli)

264. Optical Diagnosticsand Spectr oscopy—Introduction to the spec-
troscopy of gases and laser-based diagnostic techniques for measure-
ments of species concentrations, temperature, density, and other flow
field properties. Topics: electronic, vibrational, and rotational transi-
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tions; spectral lineshapes and broadening mechanisms; absorption, flu-
orescence, Rayleigh and Raman scattering methods; collisional quench-
ing. Prerequisite: 262A or equivalent.

3 units (Hanson) not given 2000-01

267. Optical Diagnostics and Spectroscopy L abor ator y—Introduc-
tion to the principles, procedures, and instrumentation associated with
optical measurements in gases and plasmas. Absorption, fluorescence
and emission, and light-scattering methods. M easurements of tempera-
ture, species concentration, and molecular properties. Lab. Enrollment
limited to 16. Prerequisites. 262A and/or 264.

4 units, Spr (Hanson)

269A. Computational M ethodsin Fluid M echanics—Advanced meth-
ods for solving systems of linear equations: multigrid and conjugate
gradient methods; methods for potential flow; integral methods for
boundary layersand their coupling to potential flow solutions; methods
for theboundary layer equations; methodsfor solvingtheincompressible
flow equations on structured grids: projection, fractional step and artifi-
cial compressibility methods. Students use and modify provided codes.
Prerequisites: 200C, 251B or equivalents.
3units, Aut (Ferziger)

269B. Computational Methodsin Fluid M echanics—Review of tur-
bulence modeling; solution of the incompressible flow equations with
turbulence models, methods for convective heat and mass transfer;
methods for reacting flows, finite volume methods for structured and
unstructured grids; direct numerical; simulation; large eddy simulation
including subgrid scalemodel sand numerical methods; methodsfor two
phase flows; applications to compressible flow. Project involving solu-
tion of aproblem of the student’s choosing. Prerequisite: 269A.
3 units, Win (Staff)

THERMODYNAMICS AND ENERGY CONVERSION

270. Engineering Ther modynamics—Thermodynamic analysis of
engineering systems, emphasi zing systemati c methodol ogy for applica-
tionof basicprinciples. Introductiontoavailability analysis. Thermody-
namics of gas mixtures and reacting systems. Modern computational
equations of state. Thermodynamics of condensed phases, including
solutions. Prerequisites: undergraduatebackgroundin engineering ther-
modynamics and computer skills.
3 units, Aut (Bowman)

271. Combustion Fundamentals—Heat of reaction, adiabatic flame
temperature, and chemical composition of products of combustion;
kinetics of combustion and pollutant formation reactions; conservation
equations for multi-component reacting flows; propagation of laminar
premixed flames and detonations. Prerequisite: 262A or 270, or consent
of instructor.

3 units, Win (Mitchell)

272. Combustion Applications—The role of chemical and physical
processes in combustion; ignition, flammability, and quenching of
combustible gas mixtures; premixed turbulent flames; laminar and
turbulent diffusion flames; combustion of fuel droplets and sprays.
Prerequisite: 271.

3 units, Spr (Bowman)

BIOMECHANICAL ENGINEERING
280. Skeletal Development and Evolution—See 180.

281. Orthopaedic/Cardovascular Bioengineering and Medicine—
Engineering approaches are applied to the muscul oskeletal and cardio-
vascular system within the context of surgical and medical care. Intro-
duction to fundamental anatomy and physiology. The materia and
structural characteristics of hard and soft connective tissues and organ
systems, andtheroleof mechanicsinnormal devel opment and pathogen-

Ineering

(@)
c
L]
O
9
=
(@)
c
O
=




©)
Z
xx
LLJ
L
Z
O
Z
L]
@)
@)
©)
I
Q
w

esis. Engineering methods are used in the evaluation and planning of
medical procedures, surgery, and devices.
3units, Aut (Carter)

282A. Biomedical Device Design and Evaluation |—Introduction to
theproblemsand challengesof biomedical devicedesignand evaluation.
Studentsengageinindustry sponsored projectsresultingin new designs,
physical prototypes, desigh analyses, computational models, and exper-
imental tests, gaining experience in: the formation of design teams;
interdisciplinary communication skills; regulatory issues; biological,
anatomical, and physiological considerations; testing standardsfor med-
ical devices; and intellectual property. Attendance at grand rounds in
clinical departments.
4 units, Win (Delp, Andriacchi)

282B. Biomedical Device Design and Evaluation |11—Continued in-
dustry sponsored projectsfrom 282A. With the assistance of faculty and
expert consultants, students finalize product designs or complete de-
tailed design evaluations of new medical products. Attendance at grand
rounds in clinical departments. Strategies for funding new medical
ventures.

4 units, Spr (Andriacchi)

283. Computational L ocomotion Biomechanics—Review of thecom-
putational methods used to model and simulate the mechanics of human
locomotion. Multibody dynamics, inverse dynamics, simple models of
locomotion, torque actuation and energy flow. Joint kinematics and
biomechanics, models of articular contact. Optimal control of musculo-
tendon units, simulation of locomotion tasks including human gait and
athletic performance. Prerequisite: 231, 381, or equivalent.
3 units(Heegaard, Delp) alternate years, given 2001-02

284A. Cardiovascular Biomechanics—See 184A.
284B. Cardiovascular Biomechanics—See 184B.

285. Tissue Engineering—Tissue engineering is an expanding disci-
plinethat applies biological and engineering principlesto create substi-
tutes or replacements for defective tissues or organs. The principles of
cell biology provide a foundation for using engineering approaches to
generate tissue structure and function. Emphasis is on how scaffolds,
smart polymers, and mechanical forces can be used to reproduce the
physical environment that acts, at the whole organ system level, to
maintain specialized cellular function through molecular and genetic
mechanisms.
2 units, Win (Smith)

286. Neur omuscular Biomechanics—Theinterplay between mechan-
icsand neural control of movement. State of the art assessment through
a review of classic and recent journa articles. Emphasis is on the
application of dynamicsand control tothedesign of assi stivetechnology
for persons with movement disorders.

3units, Sor (Delp)

287. Biomechanicsand Ecological Physiology of I ntertidal Commu-
nities—(Enroll in Biological Sciences277H.)

DIRECTED STUDY AND SEMINARS

288. Biomechanical Engineering Seminar—Invited speakerspresent
researchtopicsat theinterfacesof biology, medicine, physics, and engi-
neering. (AU)
1 unit, Win (Arnold)
Sor (Alexander)

289. Medical Device Forum—Invited speakers discuss engineering,
medical, legal, and business issues associated with the development of
medical devices. (AU)

1 unit, Aut (Taylor)
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290. Thermosciences Resear ch Project Seminar—Review of work in
a particular research program and presentations of other related work.
(AV)

1 unit, Aut, Win, Spr (Staff)

291. Engineering Problems—Directed study for graduate engineering
students on subjects of mutual interest to student and staff member. May
be used to preparefor experimental research during alater quarter under
292. Students must find a faculty sponsor.

1-5 units, any quarter (Staff)

291X. TeachingPar ticipation—Creditisgivenfor assisting aprofessor
intheteaching of amechanical engineering course. Prerequisite: consent
of supervising instructor.

1-3 units, Aut, Win, Sor (Staff)

292. Experimental I nvestigation of Engineering Problems—Gradu-
ate engineering students undertake experimental investigation under
guidance of staff member. Previous work under 291 may be required to
provide background for experimental program. Faculty sponsor re-
quired.

1-5 units, any quarter (Staff)

293. Interdisciplinary I nteraction Design—(Same as Computer Sci-
ence 447.) Small teams develop innovative technology prototypes that
combine product and interaction design. Focus is on software and
hardware interfaces, interaction, design aesthetics, and some underpin-
ningsof successful design: areflective, interactivedesign process, group
dynamics of effective interdisciplinary teamwork, and working with
users. Prerequisite: 247A.
3-4 units, Spr (Kelley, Winograd)

293X. Human-Computer Interaction: Interaction Design Studio—
(Enroll in Computer Science 247A.)

294. Design Forum—Invited speakers address issues of interest to
designers. Brief presentation foll owed by open discussion. Spring Quar-
ter emphasis on manufacturing and design. (AU)

1 unit, Aut (Gerdes)

Sor (Milroy)

295. Seminar in Solid M echanics—Problemsin all branches of solid
mechanics. All Ph.D. candidatesin solid mechanicsarenormally expect-
ed to attend. (AU)

1 unit, Aut, Win, Spr (Staff)

296. Manufacturing Systems Engineering Forum—Invited speakers

address issues of interest to design and manufacturing engineers. Brief

presentations are followed by open discussion. Sponsored by Stanford

Engineering Club for Automation and Manufacturing. (SECAM) (AU)
1 unit, Aut, Win, Spr (Beach)

297.Design Theory and M ethodology For um—A mixture of research
reports, literature reviews, and designer interviews promote rigorous
examinationsof the cognitivebasisfor designer behavior and designtool
development. (AU)

1 unit, Aut, Win, Spr (Leifer, Mabogunje)

298. Seminar in Fluid M echanics—(Enroll in Engineering 298.)

299. Practical Training—Educational opportunitiesin high-technolo-
gy research and development labs in industry. Qualified graduate stu-
dents engage in internship work and integrate that work into their
academic program. Following internship, work students complete a
research report outlining their work activity, problemsinvestigated, key
results, and any follow-on projects they expect to perform. Meets the
requirementsfor Curricular Practical Training for Studentson F-1 visas.



Student is responsible for arranging own employment. Register under
adviser’ s section number.
1 unit (Saff)

300. Thesis—Investigation of some engineering problems. Required of
candidates for the degree of Engineer.
2-15 units, any quarter (Staff)

301. Thesis—Dissertation for the degree of Ph.D.
2-15 units, any quarter (Staff)

303. Manufacturing and Design—(Same as 103.)

ADVANCED MATHEMATICS AND COMPUTATION ANALYSIS

305. AsymptoticM ethodsand Applications—Asymptoticvs. conver-

gent expansi ons, approximation of integral s, method of matched asymp-

totics, WK B method and turning points, method of multiplescales. Ap-

plications: viscous and potential flow, wave propagation, combustion,

and el ectrostatics. Prerequisites: 200B, graduate-level fluid mechanics.
3 units (Durbin) not given 2000-01

308. Spectral Methods in Computational Physics—Data analysis,
spectraand correlations, sampling theorem, non-periodic dataand win-
dowing. Spectral methodsfor numerical solution of ordinary and partial
differential equations. Accuracy and computational cost. Fast Fourier
transform. Galerkin, collocation, and Tau methods. Spectral and pseu-
dospectral methods based on Fourier seriesand eigenfunctionsof singu-
lar Sturm-Liouville problems. Chebyshev, Legendre, and Laguerre
representations. Convergence of eigen function expansions. Discontinu-
ities and Gibbs phenomenon. Aliasing errors and control. Efficient
implementation of spectral methods. Spectral methods for complicated
domains. Time differencing and numerical stability. Data management
methods for the Navier-Stokes equations. Prerequisites: 200A,B,C.
3 units(Moin) not given 2000-01

DESICN

309. Finite Element Analysisin Mechanical Design—~Part |: basic
conceptsof finiteelements, with applicationsto problemsconfronted by
mechanical designers. Linear static, modal, andthermal formul ationsare
emphasized; nonlinear and dynamic formulations are introduced. Stu-
dentsimplement simpleelement formul ationsto obtain adeeper under-
standing of the essential features of this numerical technique. Part I1:
application of acommercial finiteelement codeinanal yzing design prob-
lems. Issues: solution methods, modeling techniquesfeaturesof various
commerical codes, basic problem definition. Individual projectsfocus
ontheinterplay of analysisand testing in product design/devel opment.
Prerequisite: ability to program, Mathematics 103, or equivalent. Rec-
ommended: 111, or equivalentinstructural and/or solid mechanics; some
exposureto principles of heat transfer.
3 units (Sheppard) not given 2000-01

310A. Tools for Team-Based Design—(Same as Engineering 310A.)
For graduate students; opento limited SITN/global enrollment. Project-
based, exposing students to the tools and methodologies useful for
forming and managing an effectiveengineering designteaminabusiness
environment, including product development teams that may be spread
around the world. Topics. personality profiles for creating teams with
balanced diversity; computational tools for project coordination and
management; real time electronic documentation as a critical design
processvariable; and methodsfor refining project requirementsto ensure
that the team addresses the right problem with the right solution.
Computer-aided tools are employed for supporting geographically dis-
tributed teams. The final project analyzes a set of industry-sponsored
design projectsfor consideration in 310B,C. Theinvestigation includes
benchmarking and meetings with industrial clients. Thedeliverableisa
detailed document with specifications for the project and the optimal
design team that should work on the project in subsequent quarters.
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Limited enrollment, consent of instructor for off-campus (global) regis-
trants.
4 units, Aut (Cutkosky)

310B,C. Design Project Experiencewith Cor por atePar ther s—(Same
asEngineering 310B,C.) Two-quarter project for graduate studentswho

aready have some design experience and want in-depth involvement in

an entrepreneurial design team with real world industrial partners. The
productsdevel oped arepart of the student’ sportfolio. For someprojects,

217 and 218 may be prerequisites or co-requisities (see
|[me310.stanford.edufor admission guidelines). Each team functionslike
a small start-up company, working closely with a technical advisory

board, consisting of the instructional staff and a coach. Teams use
computer-aided tools for project management, communication, and

documentation, and are provided abudget for direct expensesincluding

hiring technical assistants and conducting tests. Teams interact with

corporate liaisonsweekly viasite visits, video conferencing, email, fax,

and phone. Hardware demonstrations, peer reviews, scheduled docu-

mentation releases, and an intense team environment provide the mech-

anisms and culture for design information sharing. Enrollment by con-

sent of instructor and depends on the results of a pre-enrollment survey

in December and therecommendati onsmade by project definitionteams
in 310A.

4-5 units, Win, Spr (Cutkosky)

311. Engineering: Women'’s Per spective—Master’s and Ph.D.-level
seminar seriesdriven by student interests. Possibletopics: timemanage-
ment, career choices, health and family, diversity, professional devel op-
ment, and personal values. Graduate students share experiences and
examine scientific research in these areas. Guests speakers from aca-
demia and industry, student presentations with an emphasis on group
discussion. (AU)
1 unit, Win (Sheppard)

313. Ambidextrous Thinking—Visual and kinesthetic skillsare devel-
oped and exercised in solving design problems. Quickly executed
perspective, orthographic, diagrammatic, and three-dimensional sketch-
es are emphasized in conjunction with fluent and flexible idea produc-
tion. Exercisestoappreciateand devel optheentirebody’ sroleincreative
thinking. Enrollment limited to 60.

3units, Aut (Faste)

314. Solid State Physics for M echanical Engineering—Introductory
overview of the principlesof statistical mechanics, quantum mechanics,
and solid-state physics. Provides graduate mechanical engineering stu-
dentswith the understanding needed to work on devices or technologies
which rely on solid-state physics.

3 units (Kenny) alternate years, given 2001-02

316A. Advanced Product Design: For mgiving—See 116A. Prerequi-
sites: 313, 303; art.
4 units, Win (Burnett)

316B. Advanced Product Design: Needfinding—See 116B. Prerequi-
site: consent of instructor.
4 units, Win

316C. Advanced Product Design: Implementation—Prerequisite:
316B.
4 units, Spr

317. Total Product I ntegr ation Engineering—Targets students aspir-
ing to be product development executives and leadersin dfM research
and education. Students learn advanced methods and tools beyond the
material coveredin217: quality designacrossglobal supply chain, robust
product architecture for market variety and technology advances, prod-
uct development risk management, etc. Small teams or individuals
conduct a practical project that produces either an in-depth case study
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using advanced tools or a significant enhancement to the dfM methods
and tools. Enrollment limited to 16. Prerequisites: 217A,B.
4 units, Aut (Ishii)

318. Introduction to M echatr onics—See 118.

319. Robotics and Vision Lab—For graduate students with some
familiarity in robotics who want project experience with robotic and
vision systems. Current topics in robotics and machine vision with
applicationsto flexible, automated manufacturing; emphasisisoninte-
grated problems and techniques for fine motion control, calibration,
acquisition of sensory data, and programming. Cell level topics: archi-
tecturesand strategiesfor cell control. Research issues: dextrous manip-
ulationand languagesfor high-level task specification. Typical projects:
robotic deburring, assembly using force feedback and/or vision, part
inspection, and cell control. Short assignments provide practice with
various equipment. Enrollment limited to 30. Prerequisites: 219 or
equivalent, some familiarity with programming.
3 units (Saff) not given 2000-01

327B. Introduction to Computer Vision—(Enroll in Computer Sci-
ence 223B.)

328. Design for Appropriate Technology—See 128.

ADVANCED MECHANICS OF SOLIDS

349. Engineering Quantum M echanics—Basic quantum mechanics
topics necessary for engineering graduate students to understand the
atomic, electronic, magnetic, and optical propertiesof diverse material
systemsandthefundamental underlying principlesof microscopicmea-
surement processes(e.g., STM, MFM, TEM, SNOM, etc.). Topics: elec-
tronic bound states, collision theory, symmetry in quantum mechanics,
approximation methods, identical particles and spin, electromagnetic
field, and relativistic wave equations.
3 units, Sum(Cho)

ADVANCED FLUID MECHANICS

351A. Advanced Fluid M echanics—For advanced students specializ-
ing in fluid mechanics. Topics: kinematics (analysis of deformation,
critical pointsand flow topology, Hel mholtz decomposition); constitu-
tive relations (viscous and visco-elastic flows, non-inertial frames);
vortex dynamics; circulation theorems, vortex line stretching and rota-
tion, vorticity generation mechanisms, vortex filamentsand Biot-Savart
formula, local induction approximation, impul se and kinetic energy of
vortex systems, vorticity inrotating frame. Prerequisite: graduate-level
coursesin compressible and viscousflow.
3 units (Saff) not given 2000-01

351B. Advanced Fluid Mechanics—Waves in fluids: surface waves,
internal waves, inertial and acoustic waves, dispersion and group veloc-
ity, wave trains, transport due to waves, propagation in slowly varying
medium, wave steepening, solitons and solitary waves, shock waves.
Stability of fluid motion: dynamica systems, bifurcations, Kelvin-
Helmholtz instability, Rayleigh-Benard convection, energy method,
global stability, linear stability of parallel flows, necessary and sufficient
conditions for stability, viscosity as a destabilizing factor. Focus is on
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flow instabilities. Prerequisites: graduate-level courses in compressible
and viscous flow.
3 units (Saff) not given 2000-01

351C. Advanced Fluid M echanics—Compressibleflow: governingequa-
tions, Crocco-Vazsonyi’ s equations, creation and destruction of vorticity
by compressibility effects, shock waves. Modal decomposition of com-
pressible flow, linear and nonlinear modal interactions, interaction of
turbulence with shock waves. Energetics of compressible turbulence,
effects of compressibility on free-shear flows, turbulent boundary layers,
Van Driest transformation, recovery temperature, and shock/boundary
layer interaction. Strong Reynol dsanal ogy, modeling compressibleturbu-
lent flows. Prerequisites: 255, 261A, or equivalents.
3 units (Saff) not given 2000-01

353. Introduction to Dilute Multiphase Flow—Introduction to mul-
tiphase flow in dilute particle, droplet, and spray systems. Forces on
particles, particle motion and dispersion, the Stokes number, and prefer-
ential transport. Atomization of liquids and spray formation. Spray de-
scriptionand measurements. Dropl et hydrodynamics: deformation, break-
up, and coalescence. Droplet and spray evaporation. The spray eguation.
Modeling approaches to dilute particle/spray flows.
3 units (Edwards) not given 2000-01

OTHER
381. Biomechanics of Movement—See 181.

382. Modeling and Simulation of Human M ovement—Direct experi-
ence with the computational tools used to create simulations of human
movement. L ecture/l abs on 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. Prerequi-
site: 231, 381, or equivalent.
3units, Sor (Delp, Heegaard) alternate years, not given 2001-02

384. Medical Device Design—See 194.
395. Design and Construction in Wood—See 195.

396. Product Realization Lab: Special Project—Material varies each
year, emphasizing design and technique in either foundry work, machin-
ing projects, or wood construction.

1 unit, Spr (Milroy)

459. Frontiersin Interdisciplinary Biosciences—Introduction to cut-
ting-edge research involving interdisciplinary approaches to bioscience
and biotechnology; for specidists and non-specialists. Associated with
Stanford's Clark Center for Interdisciplinary Bioscience, and held in
conjunction with aseminar series meeting twice monthly during 2000-01.
Leading investigators from Stanford and throughout the world speak on
their research; students also meet separately to present and discuss the
ever-changing subject matter, related literature, and future directions.
Prerequisite: keen interest in all of science, with particular interestin life
itself. Recommended: basi cknowledgeof biology, chemistry and physics.
2 units, Aut, Win, Spr (S. Block)



