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The programs in the Department of Mechanical Engineering (ME)
emphasize a mix of applied mechanics, biomechanical engineering,
computer simulations, design, and energy science and technology. Since

mechani cal engineeringisabroad discipline, theundergraduate program
can be a springboard for graduate study in business, law, medicine, po-
litical science, and other professionswhere understanding technology is
important. Both undergraduate and graduate programs providetechnical
backgroundforwork inbiomechanical engineering, environmental pollu-
tioncontrol, ocean engineering, transportation, and other multidisciplinary
problems that concern society. In all programs, emphasisis placed on
devel oping systematic proceduresfor analysis, communication of work
and idess, practical and aesthetic aspectsin design, and responsible use
of technology.

The department has five groups: Biomechanical Engineering; Design;
Flow Physicsand Computation; Mechanicsand Computation; and Thermo-
sciences. Each maintains its own labs, shops, and offices.

The Biomechanical Engineering (BME) Group has teaching and
research activitieswhichfocusprimarily on muscul oskel etal biomechan-
ics, neuromuscular biomechanics, cardiovascular biomechanics, and
rehabilitation engineering. Research in other areas including hearing,
ocean, plant, and vision biomechani csexistsin collaborationwith associ-
ated faculty in biology, engineering, and medicine. The group hasstrong
researchinteractionswiththeMechanicsand ComputationandtheDesign
groups, and thedepartmentsof Neurology, Radiology, and Surgery inthe
School of Medicine.

TheDesign Group emphasizescognitiveskill developmentfor creative
design. It is concerned with automatic control, computer-aided design,
creativity, design aesthetics, designfor manufacturability, designresearch,
experimental stress analysis, fatigue and fracture mechanics, finite element
analysis, humanfactors, kinematics, manufacturing systems, microcom-
putersindesign, micro-electromechanicssystems(MEMS), robotics, and
vehicledynamics. Thegroup offersundergraduateand graduate programs
inProduct Design (jointly withthe Department of Artand Art History) and
is centrally involved in the Institute of Design; for further information,
see http://dschool .stanford.edu.

The Flow Physics and Computation Group (FPC) isdevel oping new
theories, models, and computational tool sfor accurateengineering design
analysis and control of complex flows (including acoustics, chemical
reactions, interactions with el ectromagnetic waves, plasmas, and other
phenomena) of interestinaerodynamics, el ectronicscooling, environment
engineering, material sprocessing, planetary entry, propul sionand power
systems, and other areas. FPC research emphasizesmodelingandanalysis
of physical phenomenain engineering systems. Students and research
staff are developing new methods and tools for generation, access, dis-
play, interpretation and post-processing of |arge databasesresulting from
numerical simulationsof physical systems. Researchin FPC rangesfrom
advanced simulation of complex turbulent flows to active flow control.
Faculty teach graduate and undergraduate courses in acoustics, aero-
dynamics, computational fluid mechanics, computational mathematics,
fluid mechanics, combustion, and thermodynamics and propulsion.

The Mechanics and Computational Group covers biomechanics,
continuum mechanics, dynamics, experimental and computational
mechanics, finite element analysis, fluid dynamics, fracture mechanics,
micromechanics, nanotechnology, and simulation based design. Qualified
studentscanwork asresearch project assistants, engaginginthesisresearch
in association with the faculty director and fellow students. Projects
include analysis, synthesis, and control of systems; biomechanics; flow
dynamicsof liquidsand gases; fractureand micro-mechanics, vibrations,
and nonlinear dynamics; and original theoretical, computational, and
experimental investigationsin the strength and deformability of elastic
andinelastic elements of machinesand structures.

The Thermosciences Group conducts experimental and analytical
research on both fundamental and applied topicsin the general area of
thermal and fluid systems. Research strengths include high Reynolds
number flows, microfluidics, combustion and reacting flows, multiphase
flow and combustion, plasma sciences, gas physics and chemistry, laser
diagnostics, microscaleheat transfer, convectiveheat transfer, and energy
systems. Research motivation comes from applicationsincluding air-
breathing and space propul sion, bioanalytical systems, pollution control,
€l ectroni csfabrication and cooling, stationary and mobileenergy systems,
biomedical systems, and material sprocessing. Emphasisisonfundamental
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experiments |leading towards advances in modeling, optimization, and
control of complex systems.

Mission Statement—The goal of Stanford’s undergraduate program
in Mechanical Engineering isto provide each student with abalance of
intellectual and practical experiences, accumulation of knowledge, and
self-discovery to preparethe graduate to address societal needs. The pro-
gram prepareseach student for entry-level work asamechanical engineer,
graduate study in engineering, or graduate study in another field where a
broad engineering background providesafoundation. Withgroundingin
theprinciplesand practiceof mechanical engineering, graduatesareready
to engage in learning about and employing new concepts, technol ogies,
and methodologies.

FACILITIES

The department groups maintain modern laboratories that support
undergraduate and graduate i nstruction and graduate research work.

The Structures and Composites L aboratory, ajoint activity with the
Department of Aeronautics and Astronautics, studies structures made of
fiber-reinforced composite materials. Equipment for fabricating struc-
tural elements includes autoclave, filament winder, and presses. X-ray,
ultrasound, and an electron microscope are available for nondestructive
testing. The lab also has environmental chambers, a high speed impac-
tor, and mechanical testers. Lab projects include designing composite
structures, devel oping novel manufacturing processes, and eval uating
environmental effectson composites.

Experimental facilities are avail able through the interdepartmental
Structures and Solid M echanics Research Laboratory, which includes
an electrohydraulic material s testing system, a vehicle crash simulator,
and ashaketablefor earthquake engineering and rel ated studies, together
with highly sophisticated auxiliary instrumentation. Facilitiesto study the
micromechanics of fracture areas are available in the Micromechanics/
FractureL aboratory, andincludeacomputer-controlled material stesting
system, along distance microscope, an atomic force microscope, and
other instrumentation. Additional facilitiesfor evaluation of materials
areavailablethrough the Center for Materials Research, Center for Inte-
grated Circuits, and the Ginzton Laboratory. Laboratoriesfor biological
experimentationareaccessi blethroughthe School of Medicine. Individual
accommodationisavailablefor thework of each research student.

Major experimental and computational laboratories engaged in bio-
engineering work arelocated in the Biomechanical Engineering Group.
Other Biomechanical Engineering Group activities and resources are
associated with the Rehabilitation Research and Devel opment Center of
the Veterans Administration Palo Alto Health Care System. This major
national research center has computational and prototyping facilities. In
addition, the Rehabilitation Research and Devel opment Center housesthe
Electrophysiology L aboratory, Experimental MechanicsL aboratory, Hu-
manMotor Control Laboratory, Rehabilitation DeviceDesignLaboratory,
and Skeletal BiomechanicsL aboratory. Thesefacilitiessupport graduate
coursework aswell asPh.D. student research activities.

Computational and experimental work is also conducted in vari-
ous facilities throughout the School of Engineering and the School of
Medicine, particularly theAdvanced Biomaterial s Testing L aboratory of
the Department of Materials Science and Engineering, the Orthopaedic
Research Laboratory in the Department of Functional Restoration, and
the Vascular Research Laboratory in the Department of Surgery. In col-
|aborationwiththe School of Medicine, facilitiesthroughout the Stanford
Medical Center and the Veterans Administration Palo Alto Health Care
System conduct biological and clinical work.

The Design Group has facilities for 1ab work in experimental me-
chanicsand experimental stressanalysis. Additiona facilities, including
MTS electrohydraulic materialstest systems, are available in the Solid
M echanicsResearch L aboratory. Design Group studentsal sohaveaccess
toCenter for Integrated Systems(CI S) and Ginzton Lab microfabrication
facilities.

ThegroupasomaintainstheProduct Realization Laboratory (PRL), a
teaching facility offering students integrated experiences in market defi-
nition, product design, and prototype manufacturing. The PRL provides
coaching, design manufacturing tools, and networking opportunities to
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studentsinterested in product devel opment. The M E 310 Design Project
Laboratory hasfacilitiesfor CAD, assembly, andtesting of original designs
by master’ sstudentsin the engineering design program. A Smart Product
Design Laboratory supports microprocessor application projects. The
Center for Design Research (CDR) hasanexcel lent facility for concurrent
engineering research, devel opment, and engineering curriculumcreation
and assessment. Resourcesincludeanetwork of high-performancework-
stations. For worldwideweb mediated concurrent engineering by virtual,
non-collocated, design devel opment teams, seethe CDRweb siteat http:/
cdr.stanford.edu. Inaddition, CDR hasseveral industrial robotsfor student
projectsandresearch. Theseand several NC machinesarepart of theCDR
Manufacturing Sciences Lab. The Manufacturing Modeling L aboratory
(MML) addresses various models and methods that |ead to competitive
manufacturing. MML linksdesignfor manufacturing (dfM) researchat the
Department of Mechanical Engineering with supply chain management
activities at the Department of Management Science and Engineering.
The Rapid Prototyping Laboratory consists of seven processing stations
including cleaning, CNC milling, grit blasting, laser deposition, low
temperature deposition, plasma deposition, and shot peening. Students
gain experience by using ACIS and Pro Engineer on Hewlett Packard
workstationsfor process software devel opment. The Design Group also
hasaProduct Design L oftinwhichstudentsinthe Joint PrograminDesign
develop graduate thesis projects.

The Flow Physicsand Computation Group hasa 32 processor Origin
2000, 48-node and 85-node Linux cluster with high performance inter-
connection and an array of powerful workstations for graphics and data
analysis. Several softwarepackagesareavailable, includingall themajor
commercial CFD codes. FPC is strongly allied with the Center for Tur-
bulence Research (CTR), aresearch consortium between Stanford and
NASA, and the Center for Integrated Turbulence Simulations (CITS),
whichissupported by the Department of Energy (DOE) under itsAcceler-
ated Strategic Computing Initiative (ASCI). The Center for Turbulence
Research hasdirect accessto major national computing facilitieslocated
at thenearby NA SA-AmesResearch Center, includingmassively parallel
super computers. The Center for Integrated Turbulence Simulations has
accessto DOE's vast supercomputer resources. The intellectual atmo-
sphere of the Flow Physics and Computation Group isgreatly enhanced
by the interactions among CTR’sand CITS's postdoctoral researchers
and distinguished visiting scientists.

TheM echanicsand Computation Group hasaComputational M echan-
icsLaboratory that providesanintegrated computational environment for
research and research-rel ated education in computational mechanicsand
scientific computing. The laboratory houses Silicon Graphics, Sun,and HP
workstations and servers, including an 8-processor SGI Origin2000 and
a 16-processor networked cluster of Intel-architecture workstations for
parallel and distributed computing sol utionsof computationally intensive
problems. Software is available on the laboratory machines, including
commercial packagesfor engineering analysis, parametric geometry and
meshing, and computational mathematics. Thelaboratory supportsbasic
researchincomputational mechanicsaswell asthedevel opment of related
applications such as simul ation-based design technol ogy.

The Thermosciences Group has four major laboratory facilities. The
Heat Transfer and Turbulence Mechanics Laboratory concentrates on
fundamental research aimed at understanding and improved prediction
of turbulent flows and high performance energy conversion systems. The
|aboratory includestwo general -purposewindtunnel s, apressurized high
Reynolds number tunnel, two supersonic cascade flow facilities, three
specialized boundary layer wind tunnels, and several other flow facilities.
Extensivediagnostic equipment isavailableincluding multiple particle-
image vel ocimetry and laser-Doppler anemometry systems.

The High Temperature Gas Dynamics Laboratory includes research
on sensors, plasma sciences, cool and biomass combustion and gas pol-
lutant formation, and reactive and non-reactive gas dynamics. Research
facilitiesincludediagnostic devicesfor combustiongases, aspray combus-
tion facility, laboratory combustorsincluding acoa combustion facility
and supersonic combustion facilities, several advanced laser systems, a
variety of plasmafacilities, a pulsed detonation facility, and four shock
tubes and tunnels. The Thermosciences Group and the Design Group



sharetheMicroscaleThermal and M echanical Characterization|aboratory
(MTMC). MTMC is dedicated to the measurement of thermal and me-
chanical properties in thin-film systems, including microfabricated sensors
and actuatorsandintegrated circuits, and featuresananosecond scanning
laser thermometry facility, a laser interferometer, a near-field optical mi-
croscope, and an atomic force microscope. The activitiesat MTMC are
closely linkedtothoseat theHeat Transfer Teaching L aboratory (HTTL),
where undergraduate and master’s students use high-resolution probe
stationsto study thermal phenomenainintegrated circuitsand thermally-
actuated microvalves. HTTL also provides macroscopic experimentsin
convection and radiative exchange.

The Energy Systems Laboratory is ateaching and research facility
dedicated to the study of energy conversion systems. The lab includes
three dynamometers for engine testing, a computer-controlled variable
engine valve controller, afuel-cell experimental station, asmall rocket
testing facility, and asmall jet enginethrust stand.

TheGuidanceand Control Laboratory, ajoint activity withthe Depart-
ment of Aeronauti csand Astronauti csand the Department of Mechanical
Engineering, specializesin construction of electromechanical systems
and instrumentation, particularly where high precision isafactor. Work
rangesfrom roboticsfor manufacturing to feedback control of fuel injec-
tion systemsfor automotive emission control. Thefaculty and staff work
in close cooperation with both the Design and Thermosciences Groups
on device devel opment projects of mutual interest.

Many computation facilities are available to department students.
Three of the department’s |abs are equipped with super-minicomputers.
Numerous smaller minicomputers and microcomputers are used in the
research and teaching |aboratories.

Library facilitiesat Stanford beyond thegeneral library include Engi-
neering, Mathematics, and Physics department libraries.

UNDERGRADUATE PROGRAMS

BACHELOR OF SCIENCE

Specializingin Mechanical Engineering (M E) duringtheundergradu-
ate period may be done by following the curriculum outlined under the
“School of Engineering” section of thisbulletin. The University’sbasic
requirementsfor thebachel or’ sdegreearediscussed inthe* Undergradu-
ate Degrees’ section of thisbulletin. Coursestaken for the departmental
major (math; science; science, technology, and society; engineering
fundamentals; and engineering depth) must be taken for aletter gradeif
theinstructor offersthe option.

A Product Design program offered by the Design Group leadsto the
B.S.in Engineering (Product Design). Anindividually designed majorin
Biomechanical Engineering offered by the Biomechanical Engineering
GroupleadstotheB.S.in Engineering (Biomechanical Engineering); this
may beappropriatefor studentspreparing for medical school or graduate
bioengineering studies.

Grade Requirements—To be recommended 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 (2.0inengi-
neering fundamental s and mechanical engineering depth).

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

HONORS PROGRAM

TheDepartment of Mechanical Engineering offersaprogramleading
toaB.S. in Mechanical Engineering with honors. This program offers
a unique opportunity for qualified undergraduate engineering majors
to conduct independent study and research at an advanced level with a
faculty mentor.

M echanical Engineering majorswho haveagradepoint average(GPA)
of 3.5 or higher inthe major may apply for the honors program. Students
who meet the eligibility requirement and wish to be considered for the
honors program must submit awritten application to the Mechanical
Engineering student services office no later than the second week of the
Autumn Quarter in the senior year. The application to enter the program
can be obtained from the ME student services office, and must contain a

one-page statement describing the research topic and include an unofficial
Stanford transcript. In addition, the application must be approved by a
M echanical Engineeringfaculty member whoagreestoserveasthethesis
adviser for the project. Thesis advisers must be members of Stanford’s
Academic Council.

In order to receive department honors, students admitted to the pro-
gram must:

1. maintainthe 3.5 GPA required for admission to the honors program.

2. under the direction of the thesis adviser, complete at |east 9 units of
ME 191H, Honors Thesis, during the senior year.

3. submit acompleted thesis draft to the adviser by mid-May. Further
revisions and final endorsement by the adviser are to be finished by
the first week of June, when two bound copies are to be submitted to
the Mechanical Engineering student services office.

4. present thethesisat the Mechanical Engineering Poster Session held
inmid-April.

COTERMINAL B.S./M.S. PROGRAM

Stanford undergraduates who wish to continue their studies for the
Master of Science degreein the coterminal program must have earned a
minimum of 120 unitstowards graduation. Thisincludes allowable Ad-
vanced Placement (AP) and transfer credit. Applicantsmust submit their
application no later than the quarter prior to the expected compl etion of
their undergraduatedegree. Thisisnormally theWinter Quarter (February
5isthedeadline) prior to the Spring Quarter graduation. The application
must provide evidence of potential for strong academic performanceasa
graduatestudent. The department graduate admi ssionscommitteemakes
decisionsoneach application. Typically,aGPA of at least 3.5inengineer-
ing, science, and math isexpected. Applicants must have compl eted two
of 80, 112, 113, 131A, and 131B, and must take the Graduate Record
Examination (GRE) beforeactionistaken ontheapplication. Coterminal
information, applications deadlines, and forms can be obtained from the
ME student services office.

For University coterminal degree program rules and University
application forms, see http://registrar.stanford.edu/shared/publications.
htm#Coterm.

GRADUATE PROGRAMS
ADMISSION AND FINANCIAL ASSISTANCE

Tobeeligiblefor admission to the department, astudent must have a
B.S. degreeinengineering, physics, or acomparablescienceprogram. To
apply forthePh.D. degree, applicantsmust haveaready completedanM.S.
degree. Applicationsfor Ph.D. and HCPprogramsareaccepted throughout
the year. M.S. applications for fellowship aid must be received by the first
Tuesday in December. The department annually awards, on a competi-
tivebasis, alimited number of fellowships, teaching assistantships, and
research assi stantshipstoincoming graduate students. Research assi stant-
shipsareused primarily for post-master’ sdegreestudentsand areawarded
by individual faculty research supervisors, not by the department.

Mechanical engineeringisavaried profession, ranging fromprimarily
aesthetic aspects of design to highly technical scientific research. Disci-
plinary areas of interest to mechanical engineersinclude biomechanics,
energy conversion, fluid mechanics, materials, nuclear reactor engineer-
ing, propulsion, rigid and elastic body mechanics, systems engineering,
scientificcomputing, and thermodynamics, to name a few. Nomechanical
engineer isexpected to have amastery of the entire spectrum.

Amaster’ sdegreeprogram|eadingtotheM.S.isofferedin M echanical
Engineering, and amaster’ sdegreeprogramleadingtotheM.S. isoffered
in Engineering with a choice of the following fields of study: Biomechani-
cal Engineering, Product Design, and an individually designed major.
Fieldsof study are declared on Axess.

The following sections list requirements for the master’s degrees
listed above.

MASTER OF SCIENCE

Thebasic University requirementsfor the M.S. degree are discussed
inthe“ Graduate Degrees’ section of thisbulletin.
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The master’s program consists of 45 units of course work taken at
Stanford. Nothesisisrequired, although many studentsbecomeinvolvedin
research projectsduringthemaster’sprogram, particul arly toexploretheir
interestsinworkingtowardsaPh.D. degree. Studentswhoseundergraduate
backgroundsareentirely devoid of some of themajor subject disciplines
of engineering (for exampl e, applied mechanics, applied thermodynamics,
fluid mechanics, ordinary differential equations) may need to take some
undergraduate courses to fill obvious gaps and prepare themselves to take
graduate coursesin these areas. Such students may require more than
three quarters to fulfill the master’s degree requirements, as the makeup
coursesmay not beused for other thantheunrestricted el ectives(seeitem
4 below) inthe M.S. degree program. However, it is not the policy to
require fulfillment of mechanical engineering B.S. degree requirements
toobtainan M.S. degree.

MECHANICAL ENGINEERING

The master’s degree program requires 45 units of course work taken
asagraduatestudent at Stanford. Nothesisisrequired. However, students
who want some research experience during the master’s program may
participatein research through ME 391 and 392.

Requirementsaresubject to changeand studentsareencouragedtorefer
tothemost recent Mechanical Engineering Graduate Sudent Handbook
provided by the student services office. The department’s requirements
fortheM.S. in Mechanical Engineering are asfollows:

1. Mathematical fundamentals: two math coursesfor atotal of at least
6 units from the following list are required: ME 300A, 300B, 300C;
CME 302; MATH 106, 109; CS 205; EE 261, 263; STATS 110, 141;
ENGR 155C. Other MATH and CM E courseswith catal og numbersof
200 and above also fulfill the math requirement. Mathematics courses
must betaken for aletter grade.

2. Depthin Mechanical Engineering: aset of graduate-level coursesin
M echanical Engineeringtoprovidedepthinonearea. Thefaculty have
approved these sets as providing depth in specific areas as well as a
significant component of applications of the material in the context
of engineering synthesis. These sets are outlined in the Mechanical
Engineering Graduate Student Handbook. Depth courses must be
taken for aletter grade.

3. Breadth in Mechanical Engineering: two additional graduate level
courses (outside the depth) from the breadth chart listed in the Me-
chanical Engineering Graduate Handbook. Breadth coursesmust be
taken for aletter grade.

4. Sufficient Mechanical Engineering course work: studentsmust takea
minimum of 24 unitsof coursework inmechanical engineeringtopics.
For the purposes of determining mechanical engineering topics, any
courseonapprovedlistsfor themath, depth, and breadth requirements
countstowardstheseunits. Inaddition, any graduate-level coursewith
an ME course number is considered amechanical engineering topic.

5. Approved electives (to bring the total number of unitsto at least 39):
electivesmust beapproved by an adviser. Graduateengineering, math,
andsciencecoursesarenormally approved. Approved el ectivesmust be
takenfor aletter grade. No morethan 6 of the 39 unitsmay comefrom
ME 391/392, and no more than 3 may come from seminars. Students
planningaPh.D. should discusswiththeir adviserstheoption of taking
391 or 392 during the master’s year. ME 391/392 may only be taken
onacredit/no credit basis.

6. Unrestricted electives (to bring the total number of units submitted
fortheM.S. degreeto 45): studentsare encouraged to takethese units
outsideengineering, mathematics, or thesciences. Studentsshould con-
sult their adviserson courseloads and on waysto usethe unrestricted
€l ectivesto make amanageabl e program. Unrestricted el ectives may
betaken CR/NC.

7. Withinthecoursessatisfyingtherequirementsabove, theremust beat
|east onegraduate-level coursewithalaboratory component. Courses
which satisfy thisrequirement are: ENGR 206, 341; ME 210, 220,
218A,B,C,D, 310A,B,C, 317A,B, 318, 323, 324, 342A B, 348, 354,
367,382A,B,385. ME 391/392 satisfies this requirement if 3 units are
taken for work involving laboratory experiments.
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Candidates for the M.S. in Mechanical Engineering are expected to
havetheapproval of thefaculty, andaminimumgradepoint average(GPA)
of 2.75 inthe 45 units presented for fulfillment of degree requirements. All
courses used to fulfill mathematics, depth, breadth, approved electives,
and lab studies must be taken for aletter grade (excluding seminars and
coursesfor which aletter gradeisnot an option for any student).

Studentsfalling below aGPA of 2.5 at theend of 20 unitsmay bedis-
qualified from further registration. Students failing to meet the complete
degree requirements at the end of 60 units of graduate registration are
disqualified from further registration. Courses used to fulfill deficien-
cies arising from inadequate undergraduate preparation for mechanical
engineering graduate work may not be applied to the 60 units required
for graduate registration.

PRODUCT DESIGN

The Joint Program in Design focuses on the synthesis of technology
with human needs and val ues to create innovative product experiences.
Thisprogramisajoint offering of thedepartmentsof Mechanica Engineer-
ingandArtandArt History. It providesadesign education that integrates
technical, human, aesthetic, and businessconcerns. Theresultingtwo-year
degree of M.S. in Engineering (Product Design subplan) isconsidered a
terminal degreefor the practice of design.

Subject and Catal og Number Units
ARTSTUDI 60. Design I: Fundamental Visual Language 3
ARTSTUDI 160. Design I1: The Bridge 3
ME203. Manufacturing and Design 4
ME216A. Advanced Product Design: Needfinding 4
MEZ216B. Advanced Product Design: |mplementation 4
ME312. Advanced Product Design: Formgiving 4
ME313. Human Value and Innovation in Design 3
ME316A,B,C.* Product Design Master’s Project 12
ARTSTUDI 360A,B,C.* Master’s Project 6
Approved Electivest 17
Total Units 60

* ME 316A,B,C and ARTSTUDI 360A,B,C aretaken concurrently for three quarters during
the second year.

T Approved electives fulfill career objectives of the students. Students may focus their energy
inengineering, business, psychology, or other areasrelevant todesign. Most studentselecta
broad approach that spansthese domains and increasestheir cultural awareness. Approved
electivesmust be discussed with the student’s adviser.

Admission requirements are the same asfor the M.S. in Mechanical
Engineering described above, with additional requirementsof aminimum
of oneyear’ sexperienceafter thebachel or’ sdegree, and aportfolio show-
ing strong evidence of design ability and aesthetic skillsand sensitivity.

Students with non-engineering undergraduate degreesin design, art,
architecture, or similar majors, may apply to the Department of Art and
Art History for asimilar graduate design program leading to an M.FA.
in Design. Students with non-engineering degrees who wish to earn the
M.S. degree should consult with the program adviser.

BIOMECHANICAL ENGINEERING

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

1. M.S in Mechanical Engineering: studentswho apply and are admit-
ted tothe M.S. in Mechanical Engineering program can elect to take
biomechani cal engineering coursesaspart of their requirements. These
coursesareusually applied towardsthestudent’ sengineering breadth
or technical electives.

2. M.S in Engineering, Biomechanical Engineering subplan: this pro-
gram allows students more flexibility in taking courses in the life sci-
encesand generally emphasizesamoreinterdisciplinary curriculum.
Minimum gradepoint average(GPA) requirementsarethesameasfor
the M.S. in Mechanical Engineering. Details of this program can be
found inthe Mechanical Engineering Graduate Student Handbook.
A Ph.D. in Biomechanical Engineering isnot offered. Studentsfrom

either master’s degree path (Mechanical Engineering or Engineering,

Biomechanical Engineering subplan) receive their Ph.D. degreesin

Mechanical Engineering.



ENGINEERING

Asdescribed inthe* 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 Me-
chanical Engineering (ME) requires (1) filing a petition for admission to
theprogramby nolater thantheday beforeinstruction begins, and (2) that
the center of gravity of the proposed program liesin ME. No more than
18 unitsused for the proposed program may have been previously com-
pleted. The program must include at |east 9 units of graduate-level work
in the department other than ME 300A ,B,C, seminars, and independent
study. The petition must be accompanied by a statement explaining the
program objectives and how it is coherent, contains depth, and fulfills a
well-defined career objective. The grade requirements are the same as for
theM.S. in Mechanical Engineering.

POST-MASTER’S DEGREE PROGRAMS

Thedepartment offerstwo post-master’ sdegrees: Engineer and Doctor
of Philosophy. Post-master’s research generally requires some evidence
that a student has research potential before afaculty member agreesto
supervision and a research assistantship appointment. It is most efficient
to carry out preliminary research during the M.S. degree program.

ENGINEER

The basic University requirements for the degree of Engineer are
discussed inthe“ Graduate Degrees” section of thisbulletin.

This degree represents an additional year of study beyond the M.S.
degreeandincludesaresearchthesis. Theprogramisdesignedfor students
whowishto do professional engineering work upon graduation and who
want to engagein more specialized study thanisafforded by themaster’s
degreeaone.

Admission standards are substantially the same as indicated under
the master’s degree. However, since thesis supervision isrequired and
the availability of thesis supervisorsislimited, admission is not granted
until the student has personally engaged afaculty member to supervisea
research project. Thismost often involves a paid research assistantship
awarded by individual faculty members (usually from thefunds of spon-
sored research projectsunder their direction) and not by the department.
Thus, individual arrangement between student and faculty is necessary.
Students studying for the M.S. degree at Stanford who wish to continue
to the Engineer degree ordinarily make such arrangements during the
M.S. degree program. Students holding master’s degrees from other
universitiesareinvited to apply and may be admitted providing they are
sufficiently well qualified and have made thesis supervision and financial
aid arrangements.

Department requirementsfor thedegreeincludeathesis; upto 18 units
of credit are allowed for thesiswork (ME 400). In addition to the thesis,
27 unitsof approved advanced coursework in mathematics, science, and
engineering areexpected beyondtherequirementsfortheM.S. degree; the
choiceof coursesissubject to approval of theadviser. Studentswho have
not fulfilled the Stanford M.S. degree requirements are required to do so,
with allowancefor approximate equivalence of coursestaken el sewhere;
up to 45 unitsmay betransferable.

Candidatesfor thedegreemust havefaculty approval and haveamini-
mum gradepoint average (GPA) of 3.0for all courses(exclusiveof thesis
credit) taken beyond those required for the master’sdegree.

DOCTOR OF PHILOSOPHY

Thebasic University requirementsfor the Ph.D. degree arediscussed
in the “Graduate Degrees’ section of thisbulletin. The Ph.D. degreeis
intended primarily for studentswho desireacareer inresearch, advanced
development, or teaching; for thistype of work, abroad background in
math and the engineering sciences, together with intensive study and
research experiencein aspeciaized area, are the necessary requisites.

The department allows but does notrequire a minor field from another
department. However, if aminor iswaived, the candidate must show
breadth of training by taking courses in one or more related fields or
departments as noted below.

Ph.D. students musthave amaster’s degree, and must fulfill the require-
mentsfor the Stanford M.S. degreein Mechanical Engineering.

In special situations dictated by compelling academic reasons,
Academic Council members who are not members of the department’s
faculty may serveasthe principal dissertation adviser when approved by
the department. In such cases, amember of the department faculty must
serve asprogram adviser and asamember of thereading committee, and
agree to accept responsibility that department procedures are followed
and standards maintained.

Admissioninvolvesmuch thesameconsideration described under the
Engineer degree. Sincethesis supervision isrequired, admission is not
granted until the student has personally engaged amember of thefaculty
tosupervisearesearch project. Onceastudent hasobtained aresearch su-
pervisor, thissupervisor becomesthereafter thestudent’ sacademicadviser.
Research supervisors may require that the student pass the departmental
qualifying examination before starting research and before receiving a
paid research assistantship. Notethat research assi stantshipsareawarded
by faculty research supervisorsand not by the department.

Prior to being formally admitted to candidacy for the Ph.D. degree,
thestudent must demonstrateknowledgeof engineering fundamental sby
passingaqualifying examination. Theacademiclevel and subject matter of
theexamination correspond approximately totheM.S. program described
above. Typically, the exam is taken shortly after the student completes
theM.S. degreerequirements. Thestudent isrequiredto haveaminimum
graduate Stanford GPA of 3.5tobedligiblefor theexam. Oncethestudent’s
faculty sponsor hasagreed that theexam shoul d be schedul ed, the student
must submit an application folder containing several itemsincluding a
curriculum vitae, research project abstract, and preliminary dissertation
proposal . Information, examination dates, and deadlinesmay beobtained
from the department’s student services office or at http://me.stanford.edu/
current/grad1/phd_qual.html.

Ph.D. candidates must complete aminimum of 27 units of approved
formal course work (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, athough the
candidate’sadviser may approvealimited number of upper-level under-
graduate coursesand coursesoutsi deof engineering and sciences, aslong
as such courses contribute to astrong and coherent program. In addition
to this 27-unit requirement, all Ph.D. candidates must participate each
quarter in one of the following (or equivalent) seminars: ME 389, 390,
394, 395, 396 397; AA 297; ENGR 298, 311A.

ThePh.D. thesisnormally representsat least onefull year of research
work and must be a substantial contribution to the field. Students may
register for course credit for thesis work (ME 500) to help fulfill University
academic unit requirements, but thereisno minimum limit on registered
dissertation units. Candidates should note that only completed course
units are counted toward the requirement. Questions should be directed
to the department student services manager.

The department has abreadth requirement for the Ph.D. degree. This
may be satisfied either by a formal minor in another department or by
coursework that isapproved by the principal dissertation adviser.

The final University oral examination (dissertation defense) is con-
ducted by a committee consisting of achair from another department
and four faculty members of the department or departmentswith related
interests. Usually, the committee includes the candidate’s adviser and
two faculty memberschosentoread and signthecandidate’ sdissertation.
The examination consists of two parts. The first is open to the public and
isscheduled asaseminar talk, usually for one of the regular meetings of
aseminar series. The second isconducted in private and covers subjects
closely related to the dissertation topic.

PH.D. MINOR

StudentswhowishaPh.D. minorinME should consult theM E student
services office. A minor in ME may be obtained by completing 20 units
of approved graduate-level ME courses. Courses approved for theminor
must form acoherent program and must be chosen from those satisfying
requirement 2 for theM.S. in Mechanical Engineering.

STANFORD BULLETIN, 2007-08 | 5

Ineering

o)
c
L
o
2
c
O
<
O
>




©)
Z
(2%
L
L
Z
©)
Z
L]
O
O
O
I
@,
)

COURSES

WIM indicates that the course satisfies the Writing in the Major require-
ments. (AU) indicatesthat the courseissubject totheUniversity Activity
Unit limitations (8 units maximum).

The department uses thefollowing course numbering system:

10- 99 Freshman and Sophomore
100-199 Junior and Senior
200-299 Advanced Undergraduate and Beginning Graduate
300-399 Graduate
400-499 Advanced Graduate
500 Ph.D. Thesis

UNDERGRADUATE (FRESHMEN AND
SOPHOMORES)

Note—L ab sections in experimental engineering are assigned in
groups. If thelab schedule permits, studentsareallowed, with dueregard
to priority of application, to arrange their own sections and lab periods.
Enrollment with theinstructor concerned, on the day beforeinstruction
begins or the first day of University instruction, is essential in order that
the lab schedule may be prepared. Enrollment later than the first week is
not permitted.

M E 10N. Form and Function of Animal Skeletons—Stanford Introduc-
tory Seminar. Preferenceto freshmen. Thebiomechani csand mechanobi-
ology of themuscul oskel etal systemin humanbeingsand other vertebrates
onthelevel of thewholeorganism, organ systems, ti ssues, and cell biol ogy.
Fieldtripsto labs. GER:DB-EngrAppSci

3units, Win (Carter, D)

M E 13N. RedesigningtheHuman Experience—Stanford I ntroductory
Seminar. Preferencetofreshmen. Focusison creativethinking skillssuch
asobservation of thehuman endeavor and how to transform conceptsinto
products, services, andintellectual property. How theproductspeopleuse
shape, shade, and sometimesunderminethepursuit of well-being. Student
teamswork on hands-on proj ects. Web-based student idealogs. No prior
design experiencerequired. GER:DB-EngrAppSci
3units, Win (Leifer, L)

ME 14N. How Stuff |sMade—Stanford Introductory Seminar. Prefer-
enceto freshmen. Thedesign and engineering of productsand processes.
Machined, fabric, food, and electrical goods. Tradeoffsin choice of se-
rial, continuous, and batch fabrication. Final project: students research
and create aweb site about the engineering aspects of a product and its
processes. Field tripsto manufacturing facilities.

3units, Spr (Pruitt, B)

ME 16N. The Science of Flames—Stanford Introductory Seminar.
Preference to freshmen. The roles that chemistry and fluid dynamics
play in governing the behaviors of flames. Emphasis is on factors that
affect flame microstructure, external appearance, and on the fundamental
physical and chemical processes that cause flames and fires to propagate.
Topics: history, thermodynamics, and pollutant formation in flames.
Trips tolabs where flames are studied. Prerequisites: high school physics.
GER:DB-EngrAppSci
3units, Spr (Mitchell, R)

ME 18Q. Creative Teamsand Individual Development—Stanford
Introductory Seminar. Preferenceto sophomores. Rolesonaproblemsolv-
ing team that best suit individual creative characteristics. Two teamsare
formedfor teaching experientially how todevel oplessconsciousabilities
fromteammatescreativeinthoseroles. Reinforcement teamshave mem-
berswith similar persondlities; problem solving teams are composed of
peoplewith maximally different personalities. GER:DB-EngrAppSci
3units, Aut (Wlde, D)

M E 19N. Robotics—Stanford I ntroductory Seminar. Preferencetofresh-
men. Most people conjure up images of robots from science fiction movies
or television shows. In real life, robots show up in factory automation,
theme parks,at NASA, and in hospitals doing surgery. Do fiction and real-
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ity have anything in common?What really isarobot, what can they do,
and what can they not do? How arethey built and how arethey changing
lives? Field trips and hands-on projects. GER:DB-EngrAppSci

3units, Win (Niemeyer, G)

ME 24N. Designing the Car of the Future—Stanford Introductory
Seminar. Preference to freshmen. Automotive design drawing from all
areas of mechanical engineering. The state of the art in automotive de-
sign and the engineering principles to understand vehicle performance.
Future technologies for vehicles. Topicsinclude vehicle emissions and
fuel consumption, possihilities of hydrogen, drive-by-wire systems, ac-
tivesafety and collision avoi dance, and human-machineinterfaceissues.
GER:DB-EngrAppSci
3units, Aut (Gerdes, C)

M E 70. I ntroductory FluidsEngineering— Elements of fluid mechanics
asappliedto engineering problems. Equationsof motionforincompress-
ible ideal flow. Hydrostatics. Control volume laws for mass, momentum,
andenergy. Bernoulli equation. Dimensional analysisand similarity. Flow
inducts. Boundary layer flows. Lift and drag. Lab experiment demonstra-
tions. Prerequisites: ENGR 14 and 30. GER:DB-EngrAppSci

4 units, Win (Staff), Spr (Cappelli, M)

M E 80. Strength of M ater ial s—M echani csof material sand engineering
propertiesof structural materials. Topicsincludestaticfailuretheoriesfor
ductileandbrittlematerials, stressconcentrations, and buckling. I ntroduc-
tiontofracture, fatigue, corrosion, fretting, andwear. Prerequisite: ENGR
14. GER:DB-EngrAppSci

4 units, Aut (Cai, W), Spr (Levenston, M)

UNDERGRADUATE (JUNIORS AND
SENIORS)

ME 101. Visual Thinking—Lecture/lab. Visual thinking and language
skillsare devel oped and exercised in the context of solving design prob-
lems. Exercisesfor the mind’'s eye. Rapid visualization and prototyping
with emphasis on fluent and flexible idea production. The relationship
between visual thinking and the creative process. Enrollment limited to
60. GER:DB-EngrAppSci
3 units, Aut (Northway, D), Win (Thomsen, D; Meissner, S),
Spr (Northway, D)

M E 103D. Engineering Dr awingand Design—Designed toaccompany
203. The fundamentals of engineering drawing including orthographic
projection, dimensioning, sectioning, exploded and auxiliary views, and
assembly drawings. Homework drawings are of parts fabricated by the
student in the shop. Assignments in 203 supported by material in 103D
and sequenced on the assumption that the student is enrolled in both
courses simultaneously.
1 unit, Aut, Win (Milroy, J)

M E 110A.. Design Sketching—Freehand sketching, rendering, and design
development, guided by instructors. Concurrent assignmentsin 115 and
216B,C provide subject matter, but open to anyone wanting to improve
freehand drawing skills.

1 unit, Win, Spr (Scott, W; Li, W)

ME 110B. Advanced Design Sketching—Freehand sketching, render-
ing, design devel opment, and some computer use, guided by instructors.
Concurrent assignmentsin 116 providesubject matter. Prerequisite: 110A
or consent of instructor based on drawing skill.

1 unit, Aut (Zmijewski, B)

M E 112. M echanical Engineering Design—Characteristicsof machine
elementsincluding gears, bearings, and shafts. Design for fatiguelife.
Electricmotor fundamental s. Transmi ssion designfor maximizing output
power or efficiency. Mechanism types, linkage analysis and kinematic
synthesis. Team-based design projectsemphasi zing thebal anceof physical
withvirtual prototyping based onengineeringanalysis. Labfor dissection
of mechanical systemsand project designreviews. Prerequisites: 80, 101.
Recommended: 203, ENGR 15. GER:DB-EngrAppSci
4 units, Win (Pruitt, B; Gerdes, C)



ME 113. M echanical Engineering Design—Goal isto create designs
and model sof new mechanical devices. Designisexperienced by students
as they work on ateam design project obtained from industry or other
organizations. Prerequisites: 80, 101, 112. GER:DB-EngrA ppSci

4 units, Spr (Nelson, D)

ME 115. Human Values in Design—The central philosophy of the
product design program, emphasi zing the relation between technical
and human values, the innovation process, and design methodology.
Lab exercises include development of simple product concepts visual-
ized in rapidly executed three-dimensional mockups. Prerequisite: 101.
GER:DB-EngrAppSci

3units, Win (Boyle, B)

M E 116.Advanced Product Design: For mgiving—Small- and medium-
scale design projects are carried to a high degree of aesthetic refinement.
Emphasisison form development and interaction design. Prerequisites:
115, ARTHIST 160. GER:DB-EngrAppSci

4 units, Aut (Burnett, W)

ME 120. History and Philosophy of Design—Major schools of 19th-
and 20th-century design (Arts-and-Craftsmovement, Bauhaus, Industrial
Design, and postmodernism) are analyzed in terms of their continuing
cultural relevance. Therelation of designto art, technol ogy, and politics;
readings from principal theorists, practitioners, and critics; recent con-
troversiesinindustrial and graphic design, architecture, and urbanism.
Enrollment limited to 40. GER:DB-EngrAppSci
3-4 units, Spr (Katz, B)

M E 131A.Heat Transfer—Theprinciplesof heat transfer by conduction,
convection, and radiation with examplesfrom the engineering of practi-
cal devicesand systems. Topicsincludetransient and steady conduction,
conduction by extended surfaces, boundary layer theory for forced and
natural convection, boiling, heat exchangers, and graybody radiative
exchange. Prerequisites: 70, ENGR 30. Recommended: intermediate
calculus, ordinary differential equations. GER:DB-EngrAppSci
3-4 units, Aut (Goodson, K)

ME 131B. Fluid M echanics: Compressible Flow and Turbomachin-
ery—Engineering applications involving compressible flow: aircraft and
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 ad-
dition. Operation of flow systems: the propulsion system. Turbomachinery:
pumps, compressors, turbines. Angular momentum analysisof turboma-
chine performance, centrifugal and axial flow machines, effect of blade
geometry, dimensionless performance of turbomachines; hydraulic tur-
bines; steam turbines; wind turbines. Compressible flow turbomachinery:
theaircraft engine. Prerequisites: 70, ENGR 30. GER:DB-EngrAppSci
4units, WMn (Lele, S

ME 140. Advanced Thermal Systems—Capstone course. Thermal
analysis and engineering emphasizing integrating heat transfer, fluid
mechanics, and thermodynamics into a unified approach to treating
complex systems. Mixtures, humidity, chemical and phase equilibrium,
andavailability. Labsapply principlesthrough hands-on experiencewith
aturbojet engine, PEM fuel cell, and hybrid solid/oxygen rocket motor.
Useof MATLAB asacomputational tool. Prerequisites: ENGR 30, ME
70, and 131A,B. GER:DB-EngrAppSci
5 units, Spr (Bowman, C)

ME 161. Dynamic Systems—(Same as 261.) Modeling, analysis, and
measurement of mechanical and electromechanical systems. Numerical
and closed form solutions of ordinary differential equations governing
thebehavior of singleand multiple degree of freedom systems. Stability,
resonance, amplification and attenuation, and control system design.
Demonstrationsand | aboratory experiments. Prerequisite: backgroundin
dynamicsand calculussuchasENGR 15 and MATH 43. Recommended:
CME 102, and familiarity with differential equations, linear algebra, and
basic electronics. GER:DB-EngrA ppSci
3-4 units, Aut (Mitiguy, P)

ME 190. Ethical | ssuesin M echanical Engineering—Moral rightsand
responsibilitiesof engineersinrelationto society, employers, coll eagues,
and clients; cost-benefit-risk analysis, safety, and informed consent;
whistle blowing; engineersasexpert witnesses, consultants, and manag-
ers; ethical issuesin engineering design, manufacturing, and operations,
and engineering work in foreign countries; and ethical implications of
the social and environmental contexts of contemporary engineering.
Case studies and field research. Enrollment limited to 25 Mechanical
Engineering majors.
4 units, Spr (McGinn, R)

ME 191. Engineering Problems and Experimental Investigation—
Directed 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 adviser.

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

M E 191H. Honor sResear ch — Student must find faculty honors adviser
and apply for admission to the honors program.
1-5units, Aut, Win, Spr, Sum (Staff)

COGNATE COURSES (UNDERGRADUATE)

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

ARTSTUDI 60. Design | : Fundamental Visual Language
3-4 units, Aut, Win, Spr (Edmark, J)

ARTSTUDI 160. Design | 1: TheBridge
3-4 units, Win (Kahn, M), Spr (Edmark, J)

CS106A. Programming M ethodology—(SameasENGR 70A.)
3-5units, Aut (Sahami, M), Win, Spr (Young, P), Sum (Staff)

ENGR 14. Applied M echanics: Statics
3units, Aut (Farhat, C), Spr (Staff)

ENGR 15. Dynamics
3 units, Aut (Niemeyer, G), Spr (Lew, A)

ENGR 25. Biotechnology—(Sameas CHEMENG 25.)
3units, Sor (Wang, C)

ENGR 30. Engineering Thermodynamics
3 units, Aut (Edwards, C), Win (Mitchell, R)

ENGR 31.Chemical PrincipleswithApplication toNanoscaleScience
and Technology
4 units, Aut (Mclntyre, P)

ENGR 40. Introductory Electronics
5 units, Aut (Howe, R), Spr (Wong, S)

ENGR 102M. Technical/Professional Writing for Mechanical
Engineers
1 unit, Aut, Win (Staff)

ENGR 105. Feedback Control Design
3units, Win (Rock, S), Sum (Emami-Naeini, A)

ADVANCED UNDERGRADUATE AND
BEGINNING GRADUATE

ME 201. Dim Sum of M echanical Engineering—Introduction to re-
search in mechanical engineering for M.S. students and upper-division
undergraduates. Weekly presentations by current M E Ph.D. and second-
year fellowship studentsto show research opportunitiesacrossthedepart-
ment. Strategiesfor getting involved in aresearch project.

1 unit, Aut (Kuhl, E; Gardella, 1)
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ME 203. Manufacturing and Design—~Prototype devel opment tech-
niques as an intrinsic part of the design process. Machining, welding,
and casting. Manufacturing processes. Design aspects developed in an
individual term project chosen, designed, and fabricated by students.
Labs, field trips. Undergraduates majoring in Mechanical Engineering
or Product Design must take coursefor 4 units. Limited enrollment with
consent of instructor. Corequisite: 103D or CAD experience. Corequisite
for WIM for Mechanical Engineeringand Product Designmajors; ENGR
102M. Recommended: 101.
3-4 units, Aut, Win (Beach, D)

M E 204.BicycleDesign and Frame-Building—Theengineeringand ar-

tisticexecutionof designing and buildingabicycleframe. Fundamental sof

bicycledynamics, handling, and sizing. M anufacturing processes. Films,

guest lecturers, field trips. Each student designs and fabricates a custom

bicycleframe. Limited enrollment. Prerequisite: 203 or equivalent.
3units, Spr (Connally, R)

ME 206A,B. Entrepreneurial Design for Extreme Affordability—
(Same as OIT 333/334.) Project coursejointly offered by School of En-
gineering and Graduate School of Business. Students apply engineering
and business skills to design product prototypes, distribution systems,
and business plans for entrepreneurial ventures in developing countries
for a specified challenge faced by the world’s poor. Topics include user
empathy, appropriate technology design, rapid prototype engineering
and testing, social technology entrepreneurship, business modeling, and
project management. Weekly design reviews; final course presentation.
Industry and adviser interaction. Limited enrollment viaapplication; see
http://www.stanford.edu/classme206.
4 units, A: Win, B: Spr (Beach, D; Patell, J)

M E 207. Negotiation—(SameasCEE 151/251, M S& E 285.) Negotiation
styles and processes to help students conduct and review negotiations.
Workshop format integrating intellectual and experiential learning.
Exercises, live and field examples, individual and small group reviews.
Application required before first day of class; see http://www.stanford.
edu/class/msande285/. Enrollment limited to 50.

3units, Spr (Christensen, S)

ME 208. Patent Law and Strategy for Innovatorsand Entrepre-
neur s—The course will provide afoundation to understand the patent
system, and strategiesto build apatent portfolioand avoid patentinfringe-
ment. Studentswill learn how to conduct their own patent search and how
to file their own provisional patent application on an invention of their
choice. Although listed as a ME course, the course is not specific to any
disciplineor technol ogy.
2-3 units, Aut (Schox, J)

ME 210. Introduction to M echatronics—Technologiesinvolved in
mechatronics(intelligent el ectro-mechani cal systems), and techniquesto
apply thistechnol ogy to mecatronic system design. Topicsinclude: elec-
tronics (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. Large, open-ended team project.
Limited enrollment. Prerequisites: ENGR 40, CS 106, or equivalents.
4 units, Win (Saff)

ME 212. Calibratingthel nstrument—For first-year graduate students
intheJoint PrograminDesign. Meansfor calibratingthedesigner’smind/
body instrument through tools including improvisation, brainstorming,
creativeimaging, educational kinesiology, and Brain Gym. Currentdesign
issues; guest speakers; shared stories; and goal setting.

1 unit, Aut (Edmark, J)

ME 216A. Advanced Product Design: Needfinding—Human needs
that lead to the conceptualization of future products, environments, sys-
tems, and services. Field work in public and private settings; appraisal of
personal values; readings on social 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,
203, 313, or consent of instructor.
3-4 units, Win (Barry, M; Patnaik, D)
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ME 216B. Advanced Product Design: | mplementation—Summary
project using knowledge, methodol ogy, and skills obtained in 115/313
and 216A. Studentsimplement design concepts and present them to a
professional jury. Prerequisite: 216A.

4 units, Spr (Burnett, W; Herron, M; Howard, R)

ME 218A. Smart Product Design Fundamentals—Team design proj-
ect series on programmabl e el ectromechanical systems design. Topics:
transistors as switches, basic digital and analog circuits, operational
amplifiers, comparators, software design, programming in C. Lab fee.
Limited enrollment.

4-5units, Aut (Ohline, R)

M E 218B. Smart Product Design Applications—Secondinteamdesign
project serieson programmabl eel ectromechani cal systemsdesign. Topics:
user |/O, timer systems, interrupts, signal conditioning, software design
for embedded systems, sensors, actuators, noise, and power supplies. Lab
fee. Limited enrollment. Prerequisite: 218A or passing the smart product
design fundamentals proficiency examination.

4-5units, Win (Ohline, R)

M E 218C. Smart Product Design Practice—Advancedlevel inserieson
programmableel ectromechanical systemsdesign. Topics: inter-processor
communication, system design with multiple microprocessors, architec-
ture and assembly language programming for the PIC microcontroller,
controlling the embedded softwaretool chain, A/D and D/A techniques,
electronicmanufacturing technol ogy. Labfee. Limited enrollment. Team
project. Prerequisite: 218B.
4-5units, Spr (Ohling, R)

ME 218D. Smart Product Design: Projects—Industrially sponsored
projectistheculmination of the Smart Product Design sequence. Student
teams take on an industrial project requiring application and extension
of knowledge gained inthe prior three quarters, including prototyping of
a final solution with hardware, software, and professional documenta-
tion and presentation. Lectures on electronic and software design, and
¢l ectronic manufacturing techniques. Topics: chiplevel design of micro-
processor systems, real timeoperating systems, alternate microprocessor
architectures, and PCB layout and fabrication.
4 units, not given thisyear

ME 219. TheMagic of Materialsand M anufacturing—Methods for
market-quantity manufacturing of parts and products from a product
designer’spoint of view. Materialsincluding metals, plastics, ceramics,
fibers, and foams, and processes that manipulate, exploit, transform,
and modify these materials. Manufacturing site visits and laboratory
projects.

3units, Spr (Beach, D)

M E 220. I ntroduction to Sensor s— Sensors are widely used in scientific
research and as an integral part of commercia products and automated
systems. The basic principles for sensing displacement, force, pressure,
acceleration, temperature, optical radiation, nuclear radiation, and other
physical parameters. Performance, cost, and operating requirements of
availablesensors. Elementary electroniccircuitswhicharetypically used
with sensors. L ecturedemonstration of arepresentative sensor fromeach
category elucidates operating principles and typical performance. Lab
experimentswith off-the-shelf devices.
3-4 units, Sor ( Saff)

ME 222. Design for Sustainability—Goal isto translate green theory
into product form through short projects that address materials, product
function and co-function, and situational patternsor habits. How toblend
ecological design processeswith standard design methodol ogies.

2-3 units, Spr (Bishop, S; Boyle, B)



M E 227.VehicleDynamicsand Control—Theapplication of dynamics,
kinematics, and control theory totheanalysisand design of groundvehicle
behavior. Simplified models of ride, handling, and braking, their role in
developing intuition, and limitations in engineering design. Suspension
design fundamental s. Performance and safety enhancement through
automatic control systems. In-car |aboratory assignmentsfor model vali-
dation and kinesthetic understanding of dynamics. Limited enrollment.
Prerequisites: ENGR 105, consent of instructor.
3 units, Spr (Gerdes, C)

M E 238. Patent Prosecution—Stagesof the patent application process:
identifying, capturing, and evaluating inventions; performing a patent-
ability investigation, analyzing thedocuments, and the scopeof thepatent
protection; composing claimsthat broadly cover theinvention; creating
a specification that supports the claims; filing a patent application with
the U.S. Patent and Trademark Office; and analyzing an office action and
preparing an appropriate response. Current rulesand case law. Strategic
decisionswithineach stagesuch as: how doesapatent applicationadvance
the patent portfolio; and in what countries should a patent application be
filed.
2 units, Win (Schox, J)

M E 260. Fuel Cdll ScienceTechnology—Emphasisison protonexchange
membrane (PEM) and solid oxidefuel cells(SOFC). Principlesof electro-
chemical energy conversion. Topicsinmateria sscience, thermodynamics,
and fluid mechanics. Limited enrollment.

3units, Spr (Prinz, F)

ME 261. Dynamic Systems—(Sameas 161; see 161.)
3-4 units, Aut (Mitiguy, P)

ME 280. Skeletal Development and Evolution—The mechanobiol-
ogy of skeletal growth, adaptation, regeneration, and agingisconsidered
from developmental and evolutionary perspectives. Emphasisis on the
interactions between mechanica and chemical factorsin the regulation
of connectivetissue biology. Prerequisites: 80, or Human Biology core,
or Biological Sciencescore.

3 units, Sor (Carter, D)

M E 281. Biomechanics of M ovement—(Same as BIOE 281.) Experi-
mental techniquesto study human and animal movementincludingmotion
capturesystems, EM G, forcepl ates, medical imaging, andanimation. The
mechanical properties of muscle and tendon, and quantitative analysis
of musculoskeletal geometry. Projects and demonstrations emphasize
applications of mechanics in sports, orthopedics, and rehabilitation.
GER:DB-EngrAppSci
3units, Aut (Delp, S

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

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

ME 287. Soft Tissue M echanics—Structure/function relationships
and mechanical properties of soft tissues, including nonlinear elasticity,
viscoel asticity, and poroel asticity.

3 units, Aut (Levenston, M)

ME 289. Biomechanical Engineering Research Semiar—BME re-
search conducted at Stanford for incoming students. Graduatestudentsand
postdoctoral fellowspresent research emphasizing motivation of research
questions, project design, methods, and preliminary results.

1 unit, not given thisyear

ME 294. M edical Device Design—In collaboration with the School of
Medicine. Introduction to medical device design for undergraduate and
graduate engineering students. Design and prototyping. Labs; medical
device environments including hands on device testing; and field trips
to operating rooms and local device companies. Limited enrollment.
Prerequisite: 203.

3 units, Aut (Milroy, J; Doshi, R)

ME 297. Forecasting the Future of Engineering—Goal isto develop
a 25-year forecast of the future of engineering including the challenges
engineers are likely to be asked to solve, and how engineers can be pre-
pared to meet these challenges. Students preparealong-rangeforecast of
a specific science/engineering sector and a proposed initiative tying new
engineering capabilitieswith global challenges.

3 units, Win (Burnett, W; Saffo, P)

ME 298. Silver smithing and Design—Skillsinvolved in working with

precious metalsat asmall scale. Investment casting and fabrication tech-

niques such as reticulation, granulations, filigree, and mokume gane.
3-4 units, Win (Shaughnessy, S; Knox, A)

ME 299A. Practical Training—For master’s students. Educational
opportunities in high technology research and development labsin in-
dustry. Students engage in internship work and integrate that work into
their academic program. Followinginternshipwork, studentscompletea
researchreport outliningwork activity, problemsinvestigated, key results,
andfollow-up projectsthey expect toperform. M eetstherequirementsfor
curricular practical training for students on F-1 visas. Student is respon-
siblefor arranging owninternship/employment and faculty sponsorship.
Register under faculty sponsor’ s section number. All paperwork must be
completed by student and faculty sponsor, as the Student Services Office
doesnot sponsor CPT. Studentsare allowed only one quarter of CPT per
degree program.
1 unit, Aut, Win, Spr, Sum (Staff)

ME 299B. Practical Training—For Ph.D. students. Educational op-
portunitiesinhightechnol ogy research and devel opment labsinindustry.
Studentsengageininternshipwork andintegratethat work intotheir aca-
demicprogram. Followinginternshipwork, studentscompl etearesearch
report outlining work activity, problems investigated, key results, and
follow-up projects they expect to perform. Meets the requirements for
curricular practical training for students on F-1 visas. Student is respon-
siblefor arranging own internship/employment and faculty sponsorship.
Register under faculty sponsor’s section number. All paperwork must be
completed by student and faculty sponsor, as the student services office
doesnot sponsor CPT. Studentsare allowed only one quarter of CPT per
degree program.
1 unit, Aut, Win, Spr, Sum (Saff)

GRADUATE

ME 300A. Linear Algebrawith Application to Engineering Compu-
tations—(Same as CME 200.) Solving matrix-vector systems. Direct
and iterative solversfor non-singular linear systems of equations; their
accuracy, convergence properties, and computational efficiency. Under-
and over-determined systems, and nonlinear systemsof equations. Eigen-
values, eigenvectors, and singular val ues; their applicationtoengineering
problems. Concepts such as basis, linear independence, column space,
null space, rank, norms and condition numbers, projections, and matrix
properties. Recommended: familiarity with computer programming;
mathematics background eguivalent to MATH 103, 130.
3units, Aut (Moin, P)

STANFORD BULLETIN, 2007-08 | 9

Ineering

o)
c
L
o
2
c
O
<
O
>




©)
Z
(2%
L
L
Z
©)
Z
L]
O
O
O
I
@,
)

ME 300B. Partial Differential Equationsin Engineering—(Same
as CME 204.) Geometric interpretation of partial differential equation
(PDE) characteristics; solution of first order PDEs and classification of
second-order PDEs; self-similarity; separation of variablesasapplied to
parabolic, hyperbolic, andelliptic PDES; special functions; eigenfunction
expansi ons, themethod of characteristics. If timepermits, Fourier integrals
and transforms, Laplace transforms. Prerequisite: CME 200/ME 300A,
equivalent, or consent of instructor.
3units, Win (Shagfeh, E)

ME 300C. Introduction to Numerical Methods for Engineering—
(Same as CME 206.) Numerical methods from a user’s point of view.
Lagrangeinterpolation, splines. | ntegration: trapezoid, Romberg, Gauss,
adaptive quadrature; numerical solution of ordinary differential equa-
tions: explicit and implicit methods, multistep methods, Runge-Kutta
and predictor-corrector methods, boundary value problems, eigenvalue
problems; systems of differential equations, stiffness. Emphasisison
analysis of numerical methods for accuracy, stability, and convergence.
Introduction to numerical solutionsof partial differential equations; Von
Neumann stability analysis; alternating direction implicit methods and
nonlinear equations. Prerequisite: CM E 200/M E 300A.
3units, Spr (Moin, P)

ME 308. Spatial M otion—Thegeometry of motionin Euclidean space.
Fundamental sof theory of screwswith applicationstorobotic mechanisms,
constraint analysis, and vehicle dynamics. Methods for representing the
positionsof spatial systemsof rigid bodieswith their inter-rel ationships;
theformulation of Newton-Euler kineticsapplied to serial chain systems
such asindustrial robotics.

3units, alternateyears, not given thisyear

ME 309. Finite Element Analysisin Mechanical Design—Basic
concepts of finite elements, with applications to problems confronted by
mechanical designers. Linear static, modal, and thermal formulations;
nonlinear and dynamicformul ations. Studentsimplement simpleelement
formulations. Application of acommercial finite element code in analyz-
ing design problems. Issues: solution methods, modeling techniques,
features of various commercial codes, basic problem definition. Individual
projectsfocuson theinterplay of analysisand testing in product design/
development. Prerequisite: MATH 103, or equivalent. Recommended:
80, or equivalent in structural and/or solid mechanics; some exposure to
principlesof heat transfer.
3 units, Win (Kuhl, E; Levenston, M)

ME 310A. Tools for Team-Based Design—(Same as ENGR 310A.)
For graduate students; opento limited SITN/global enrollment. Project-
based, exposing studentsto the toolsand methodol ogiesfor forming and
managing an effective engineering design team in a business environ-
ment, including product development teams that may be spread around
the world. Topics: personality profiles for creating teams with balanced
diversity; computational toolsfor project coordination and management;
real time electronic documentation asacritical design processvariable;
and methods for refining project requirements to ensure that the team ad-
dresses the right problem with the right solution. Computer-aided tools
for supporting geographically distributed teams. Final project analyzes
industry-sponsored design projects for consideration in 310B,C. Inves-
tigation includes benchmarking and meetings with industrial clients.
Deliverable is adetailed document with project specifications and optimal
design team for subsequent quarters. Limited enrollment.
3-4 units, Aut (Cutkosky, M; Leifer, L)

ME 310B,C. Design Project Experiencewith Corpor ate Partners—
(SameasENGR 310B,C.) Two quarter project for graduate studentswith
design experience who want involvement in an entrepreneurial design
team with real world industrial partners. Products developed are part of
the student’s portfolio. Each team functions as asmall startup company
with atechnical advisory board of the instructional staff and a coach.
Computer-aided tools for project management, communication, and
documentation; budget provided for direct expensesincluding technical
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assistants and conducting tests. Corporate liaisons viasite visits, video
conferencing, email, fax, and phone. Hardware demonstrations, peer
reviews, scheduled documentation releases, and a team environment
provide the mechanisms and culture for design information sharing.
Enrollment by consent of instructor; dependson apre-enrollment survey
in December and recommendations by project definition teams in 310A.
For someprojects, 217 and 218 may be prerequisites or corequisites; see
http://me310.stanford.edu for admission guidelines.

B: 3-5 units, Win (Cutkosky, M; Leifer, L)

C: 3-4 units, Spr (Leifer, L; Cutkosky, M)

M E 310X. Toolsfor Team-Based Design Global Teaming L ab—(Same
asENGR 310X.) Participation in aglobal design team with studentsin
Sweden or Japan. Limited enrollment. May be repeated for credit. Pre-
requisite: consent of instructor. Corequisite: ENGR 310A,B,C.

1-5 units, Aut, Win, Spr, Sum (Leifer, L; Cutkosky, M)

M E 312. Advanced Product Design: For mgiving—Small- and medium-
scale design projects carried to a high degree of aesthetic refinement.
Emphasisis on generating appropriate forms to the task and setting.
Prerequisites: 203, 313, ARTHIST 160.

3-4 units, Win (Burnett, W; Kembel, G)

M E 313.Human Valuesand | nnovation in Design—Introductiontothe
philosophy, spirit, andtradition of the product design program. Hands-on
design projects used as vehicles for design thinking, visualization, and
methodol ogy. The relationships among technical, human, aesthetic, and
business concerns. Drawing, prototyping, and design skills. Focusison
tenets of design philosophy: point of view, user-centered design, design
methodology, and iterative design.
3units, Aut (Kelley, D), Win (Kembel, G)

M E 314. Good Products, Bad Products—The characteristicsof indus-
trial productsthat cause them to be successes or failures: the straightfor-
ward (performance, economy, reliability), the complicated (human and
cultural fit, compatibility with the environment, craftsmanship, positive
emotional response of the user), the esoteric (elegance, sophistication,
symbolism). Engineers and business people must better understand
thesefactorsto producemoresuccessful products. Projects, papers, guest
speakers, field trips.
3-4 units, Win (Beach, D)

M E 315. TheDesigner in Society—For graduate students. Career objec-
tivesand psychological orientation compared with existing social values
and conditions. Emphasisis on assisting individualsin assessing their
rolesin society. Readingson political, social, and humanistic thought are
related to technology and design. Experiential, in-class exercises, and
term project. Enrollment limited to 24.

3units, Spr (Roth, B)

ME 316A,B,C. Product Design Master’s Proj ect—For graduate
Product Design or Design (Art) majorsonly. Students create and present
two master’stheses under the supervision of engineering and art faculty.
Thesesinvolvethe synthesis of aesthetics and technological concernsin
theserviceof human need and possibility. Product Design studentsregister
for 4 units; Art studentsfor 2 units. Corequisite: ARTHIST 360.

2-4units, A: Aut (Kelley, D; Burnett, W), B: Win (Kelley, D;

Burnett, W), C: Spr (Edmark, J; Barry, M)

ME 317A. Design for Manufacturability: Product Definition for Mar-
ket Success— Systematic methodologies to define, develop, and produce
world-class products. Student team projectsto identify opportunitiesfor
improvement and develop a comprehensive product definition. Topics
include value engineering, quality function deployment, design for as-
sembly and producibility, designfor variety and supply chain, designfor
life-cycle quality, and concurrent engineering. Students must take 317B
to completethe project and obtain aletter grade. On-campus enrollment
limitedto 28; nolimit on SCPD classsize, but each sitemust haveat |east
3 studentsto form aproject team.
4 units, Win (Ishii, K; Beiter, K)



ME 317B. Design for Manufacturability: Quality by Design for
Customer Value—(Formerly 217B.) Building on 317A, focusison 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 deliverable
is a comprehensive product and process specification. Topics: concept
generation and selection (Pugh’s Method), FMEA applied to the manu-
facturing process, design for robustness, Taguchi Method, SPC and six
sigma process, tolerance analysis, flexible manufacturing, product testing,
rapid prototyping. Enrollment limited to 40, notincluding SCPD students.
Minimum enrollment of two per SCPD viewing site; single student site
by prior consent of instructor. On-campusclasslimited to 25. For SCPD
students, no enrollment limit, but each site must have a minimum of
three students to form a project team and define a project on their own.
Prerequisite: 317A.
4 units, Spr (Ishii, K)

M E 318. Computer-Aided Product Creation—Design coursefocusing
on anintegrated suite of computer tools: rapid prototyping, solid model -
ing, computer-aided machining, computer numerical control manufac-
turing. Students choose, design, and manufacture individual products,
emphasizing product definition, user benefits, and computer design tools.
M anufacturing focuseson CNC machining. Stanford Product Realization
Lab'srelationship to the outside world. Structured lab experiencesbuild
a basic CAD/CAM/CNC proficiency. Limited enrollment.
4 units, Aut, Win, Sor (Milroy, J)

M E 322. Kinematic Synthesisof M echanisms—Therational design of

linkages. Techniques to determine linkage proportions to fulfill design

requirementsusing analytical, graphical, and computer based methods.
3 units, Win (Roth, B)

ME 323. Modeling and Identification of M echanical Systems for
Control—The art and science behind devel oping mathematical models
for control systemdesign. Theoretical and practical system modelingand
parameter identification. Frequency domain identification, parametric
modeling, and black-box identification. Analytical work and laboratory
experience withidentification, controller implementation, and the implica-
tionsof unmodel ed dynamicsand non-linearities. Prerequisites: linear a -
gebraand system simulation with MATLAB/SIMULINK; ENGR 105.
3 units, Aut (Gerdes, C)

M E 324. Precision Engineering—Advancesinengineeringareoftenen-
abled by moreaccuratecontrol of manufacturingand measuringtol erances.
Concepts and technology enable precision such that theratio of overall
dimensions to uncertainty of measurement islarge relative to normal
engineering practice. Typical applicationareas; non-spherical optics, com-
puter information storagedevices, and manufacturing metrology systems.
Application experience through design and manufacture of a precision
engineering project, emphasi zing the principlesof precisionengineering.
Structured labs; field trips. Prerequisite: consent of instructors.
4 units, Spr (Beach, D; DeBra, D)

ME 325. Interdisciplinary I nteraction Design—(Same as CS 447.)
Small teamsdevel optechnol ogy prototypescombining product andinter-
action design. Focusison software and hardwareinterfaces, interaction,
design aesthetics, and underpinnings of successful design including a
reflective, interactive design process, group dynamics of interdisciplinary
teamwork, and working with users. Prerequisite: CS247A.

3-4 units, not given thisyear

ME 326. Telerobotics and Human-Raobot | nter actions—Focusison
dynamicsand controls. Evaluationandimplementation of required control
systems. Topicsincludemaster-dlavesystems, kinematicanddynamicsim-
ilarity; control architecture, forcefeedback, haptics, sensory substitutions;
stability, passivity, sensor resolution, servorates; timedelays, prediction,
wavevariables. Hardware-based projectsencouraged, whichmay comple-
ment ongoing research or inspirenew devel opments. Limited enrolIment.
Prerequisites: ENGR 205, 320 or CS 223A, or consent of instructor.
3units, Win (Niemeyer, G)

ME 329. Physical Solid M echanics—Quantum mechanics, statistical
mechanics, and solid state physics for engineering students. The theory
describes physical processes at hanoscale in solid materials. Atomic
structures of solids and their electronic structures. Statistical mechanics
provides atheoretical framework for thermodynamicsto connect the
nanoscal e processes to macroscopi ¢ properties of solids.

3units, alternateyears, not given thisyear

ME 330. Advanced Kinematics—Kinematics from mathematical
viewpoints. Introduction to algebraic geometry of point, line, and plane
elements. Emphasisison basic theorieswhich have potential application
to mechanical linkages, computational geometry, and robotics.

3units, Aut (Roth, B)

ME 331A. Classical Dynamics—(SameasAA 242A.) Acceleratingand
rotating referenceframes. Kinematicsof rigidbody motion; Euler angles,
direction cosines. D’ Alembert’s principle, equations of motion. Inertia
propertiesof rigid bodies. Dynamicsof coupled rigid bodies. Lagrange's
equationsandtheir use. Dynamichbehavior, stability, and small departures
from equilibrium. Prerequisite: ENGR 15 or equivalent.

3units, Aut (West, M)

M E 331B. Advanced Dynamics—(Same asAA 242B.) Formulation of
equations of motion with Newton/Euler equations; angular momentum
principle; D’ Alembert principle; power, work, and energy; Kane' smethod;
and L agrange’ sequations. Numerical solutionsof nonlinear algebraicand
dfferential equationsgoveringthebehavior of multipledegreeof freedom
systems. Computed torque control.

3units, Win (Mitiguy, P)

M E 333. M echanics—Goal isacommon basisfor advanced mechanics
courses. Formulation of the governing equationsfrom aL agrangian per-
spective. Examplesinclude systemsof particlesand linear elastic solids.
Wavesindiscrete and continuous media. Linear elasticity formulationin
thestaticand dynamic cases, and el ementary measuresof stressandstrain.
Tensor and variational calculus.

3 units, Aut (Lew, A)

ME 334. Introduction to Statistical M echanics—Concepts and tools
of classical statistical mechanicsand applicationsto molecular systems.
Thermodynamicsand probability theory. Statistical ensembles. Informa:
tion and entropy. Free energy and transition between metastable states.
Brownian motion, Langevin dynamics, and Fokker-Planck equation.
Non-equilibrium systems: correlation and response functions, fluctuation-
dissipation theorem. Applications to self-assembly, thin film growth, and
structural transformation of proteins.
3 units, Win (Cai, W)

ME 335A,B,C. FiniteElement Analysis
ME 335A. Finite Element Analysis—Fundamental concepts and
techniques of primal finite element methods. Method of weighted
residuals, Galerkin’smethod, and variational equations. Linear elliptic
boundary value problemsin one, two, and three space dimensions;
applications in structural, solid, and fluid mechanics and heat transfer.
Properties of standard element families and numerically 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, Aut (Pinsky, P)
ME 335B. Finite Element Analysis—Finite element methods for
linear dynamic analysis. Eigenvalue, parabolic, and hyperbolic prob-
lems. Mathematical propertiesof semi-discrete(t-continuous) Galerkin
approximations. Modal decomposition and direct spectral truncation
techniques. Stability, consistency, convergence, and accuracy of or-
dinary differential equation solvers. Asymptotic stability, over-shoot,
and conservation laws for discrete algorithms. Mass reduction. Ap-
plicationsin heat conduction, structural vibrations, and elastic wave
propagation. Computer implementation of finite element methods in
linear dynamics. Implicit, explicit, and implicit-explicit algorithms
and code architectures.
3 units, Win (Pinsky, P)
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M E 335C. FiniteElement Analysis—Nonlinear continuummechan-
ics. Galerkin formulation of nonlinear elliptic, parabolic, and hyper-
bolic problems. Explicit, implicit, and implicit-explicit algorithmin
nonlinear transient analysis. Stability of ordinary differential equation
solversfor nonlinear problem classes; energy-conserving algorithms.
Automatictime-step sel ection strategies. M ethodsof solving nonlinear
algebraic systems. Newton-type methodsand quasi-Newton updates.
Iterative procedures. Arc-length methods. Architecture of computer
codes fornonlinear finite element analysis. Applications from structural
and solid mechanics such as nonlinear elasticity.

3 units, Spr (Pinsky, P)

ME 336. Crystalline Anisotr opy—(Same as MATSCI 359.) Matrix
and tensor analysis with applications to the effects of crystal symmetry
on elastic deformation, thermal expansion, diffusion, piezoelectricity,
magnetism, thermodynamics, and optical properties of solids, on the
level of J. F. Nye's Physical Properties of Crystals. Homework sets use
Mathematica.

3units, not given thisyear

ME 337. M echanics of Growth—Introdution to continuum theory and
numerical solutions or biomechanical problems. Kinematics of finite
growth. Balance equations in open system thermodynamics. Constitu-
tive equations for biological tissues. Enhanced finite element models in
biomechanics.Analytical solutionsfor simplemodel problems. Numerical
solutionsfor moreadvanced problemssuch as: boneremodeling; wound
healing; muscle regeneration; tumor growth; atherosclerosis; in-stent
restenosis; and ti ssue engineering.
3units, Spr (Kuhl, E)

M E 338A. Continuum M echanics—Nonlinear continuum mechanicsfor
solids and fluids. Kinematics of finite deformations. Measures of strain and
stress. Finite rotations. Linearized kinematics and infinitesimal measures
of deformations. Rates. Conservationlawsfor mass, momenta, and energy.
Boundary valueproblemin continuummechanics. Prerequisites: 333and
300, or equivalent background with consent of instructor.

3 units, Win (Lew, A)

M E 338B. Continuum M echanics—Constitutive theory; equilibrium
constitutiverelations; materia frameindifferenceand material symmetry;
finite elasticity; formulation of the boundary value problem; linearization
and well-posedness; symmetries and configurational forces; numerical
considerations.

3units, alternate years, not given thisyear

M E 339. M echanicsof theCell—Kinematical description of basicstruc-
tural elements used to model parts of the cell: rods, ropes, membranes,
and shells. Formulation of constitutive equations: nonlinear elasticity
and entropic contributions. Elasticity of polymeric networks. Applica-
tions to model basic filaments of the cytoskeleton: actin, microtubules,
intermediate filaments, and complete networks. Applications to biological
membranes.
3 units, Aut (Kuhl, E; Jacobs, C)

M E 340. Elasticityin Microscopic Structur es—Introductiontoel asticity
theory and applicationtomaterial structuresat microscale. Theories: stress,
strain, and energy; equilibrium and compatibility conditions; boundary
value problem. Solution methods: stress function, Green's function,
Fourier transformation. Numerical exercisesusing Matlab. Applications
to defects in solids, thin films, and biomembranes.

3 units, Spr (Cai, W)

M E 340B. Elasticity in Microscopic Structur es—Elasticity theory and
applicationsto structuresin micro devices, material defects, and biologi-
cal systems. Theoretical basis: stress, strain, and energy; equilibriumand
compatibility conditions; boundary value problemformulation. Solution
methods: stress function, Green's function, and Fourier transformation;
moderate numerical exercises using Matlab. Methods and sol utions ap-
plied to the elastic behaviors of thin films and MEMS structures, cracks
and dislocations, and cell filaments and membranes.
3units, not given thisyear
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ME 341. Biomechanics of Hearing, Speech, and Balance—Theory
and practice of building mathematical models to understand physical
phenomena; integration of imaging, physiology, and biomechanics.
Journal club style discussions of research literature, examples from
hearing science, speech production, and thevestibular system. Dualisms
inmodeling include: general principlesversus detailed models; analytic
versus computational models; forward versus inverse approaches; and
theinterplay between theory and experiments.
3units, Spr (Puria, S

M E 343.AnntroductiontoWavesin Elastic Solids—One-dimensional
motion of an elastic continuum, the linearized theory of elasticity and
elastodynamic theory, elastic wavesin an unbounded medium, plane
harmonic waves in elastic half-spaces including reflection and refraction,
slowness, energy velocity and anisotropic effects. Textis first five chapters
of Achenbach’sWave Propagationin Elastic Solids.

3 units, not given thisyear

M E 345. FatigueDesign and Analysis—Themechanismand occurrences
of fatigueinservice. Methodsfor predictingfatiguelifeandfor protecting
against prematurefatiguefailure. Useof elastic stressandinelastic strain
analysesto predict crack initiation life. Use of linear elastic fracture me-
chanicsto predict crack propagationlife. Effectsof stressconcentrations,
manufacturing processes, load sequence, irregular loading, multi-axial
loading. Subject istreated from the viewpoints of the engineer seeking
up-to-date methods of life prediction and theresearcher interested inim-
proving understanding of fatigue behavior. Prerequisite: undergraduate
mechanicsof materials.
3units, Win (Nelson, D)

ME 346A. Introduction to Molecular Simulations—(Same as CME
346A.) Algorithms of molecular simulations and underlying theories.
Molecular dynamics, Monte Carlo, energy minimization, and transition
path search algorithms. Classical dynamicsin Hamiltonian and Lagran-
gian form. Elementary statistical mechanics: ensembles, Boltzmann's
distribution, and free energy. Measure and control of temperature and
stressin molecular systems. Length and time scale limits of simulation
methods. Applicationsinsolids, liquids, and biomol ecul es. Programming
inMatlab.
3units, Spr (Darve, E)

ME 347. Mathematical Theory of Dislocations—The mathematical
theory of straight and curvilinear dislocationsin linear elastic solids.
Stress fields, energies, and Peach-Koehler forces associated with these
line imperfections. Anisotropic effects, Green’s function methods, and
thegeometrical techniquesof Brownand Indenborn-Orlov for computing
dislocation fields and for studying dislocation interactions. Continuously
distributed dislocations and cracks and inclusions.
3units, not given thisyear

M E 348. Experimental StressAnalysis—Theory and applications of
photoel asticity, strain gages, and holographic interferometry. Compari-
son of test results with theoretical predictions of stress and strain. Other
methods of stress and strain determination (optical fiber strain sensors,
thermoel asticity, Moire, residual stress determination).

3units, Spr (Nelson, D)

ME 351A. Fluid M echanics—Exact and approximate analysis of fluid
flow covering kinematics, global and differential equations of mass, mo-
mentum, and energy conservation. 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 po-
tential for exact and approximate solutions; superposition of solutions;
complex potential function; circulation and lift. Some boundary layer
concepts.
3units, Aut (laccarino, G)



ME 351B. Fluid M echanics—Laminar viscous fluid flow. Governing
equations, boundary conditions, and constitutivelaws. Exact sol utionsfor
parallel flows. Creeping flow limit, lubrication theory, and boundary layer
theory including free-shear layersand approximate methods of solution;
boundary layer separation. Introduction to stability theory and transition
to turbulence, and turbulent boundary layers. Prerequisite: 351A.

3 units, Win (Eaton, J)

ME 352A. Radiative Heat Transfer—The fundamentals of thermal
radiation heat transfer; blackbody radiation laws; radiative properties of
non-black surfaces; analysisof radiative exchange between surfacesand
inenclosures; combined radiation, conduction, and convection; radiative
transfer in absorbing, emitting, and scattering media. Advanced material
for studentswithinterestsin heat transfer, asappliedin high-temperature
energy conversion systems. Take 352B,C for depth in heat transfer. Pre-
requisites: graduate standing and undergraduate course in heat transfer.
Recommended: computer skills.
3 units, not given thisyear

M E 352B. Fundamental sof Heat Conduction—Physical descriptionof
heat conductionin solids, liquids, and gases. The heat diffusion equation
and its solution using analytical and numerical techniques. Dataand mi-
croscopicmodel sfor thethermal conductivity of solids, liquids, and gases,
and for thethermal resistance at solid-solid and solid-liquid boundaries.
Introductiontothekinetictheory of heat transport, focusingonapplications
for compositematerial s, semiconductor devices, micromachined sensors
and actuators, and rarefied gases. Prerequisite: consent of instructor.
3 units, Win (Goodson, K)

ME 352C. Convective Heat Transfer—Prediction of heat and mass
transfer ratesbased onanalytical and numerical solutionsof thegoverning
partial differential equations. Heat transfer in fully developed pipe and
channel flow, pipe entrance flow, laminar boundary layers, and turbulent
boundary layers. Superposition methods for handling non-uniformwall
boundary conditions. Approximate models for turbulent flows. Compari-
son of exact and approximate analyses to modern experimental results.
General introduction to heat transfer in complex flows. Prerequisite:
351B or equivaent.
3 units, Spr (Eaton, J)

M E 354. Experimental M ethodsin Fluid M echanics—Experimental
methods associated with the interfacing of laboratory instruments, ex-
perimental control, sampling strategies, data analysis, and introductory
image processing. Instrumentation including point-wise anemometers
and particleimage tracking systems. Lab. Prerequisites. previous expe-
rience with computer programming and consent of instructor. Limited
enrollment.
4 units, Aut (Santiago, J)

ME 357. GasTurbineand I nternal Combustion Engines—Principles
and analysis of power generation gas turbines, propulsion gas turbines,
and piston engines. Cycle analysis of stationary gas turbines, turbojets,
turboprops, turbofans. Turbomachinery flows and compressor maps. Spark
ignition, diesel, and HCCI engines. Combustion processes and fuels.
Prerequisites: undergraduate fluid mechanics and thermodynamics.

3 units, Win (Pitsch, H)

M E 358.Heat Transfer in Microdevices—A pplication-drivenintroduc-
tion to the thermal design of electronic circuits, sensors, and actuators
that have dimensionscomparableto or smaller than onemicrometer. The
impact of thin-layer boundariesonthermal conductionandradiation. Con-
vection in microchannel s and microscopic heat pipes. Thermal property
measurementsfor microdevices. Emphasisison Si and GaA ssemiconduc-
tor devicesandlayersof unusual, technically-promisingmaterialssuch as
chemical-vapor-deposited (CV D) diamond. Final project based on student
research interests. Prerequisite: consent of instructor.
3 units, Sor (Goodson, K)

M E 359A.Advanced Design and Engineeringof SpaceSystems|—The
application of advanced theory and conceptsto thedevel opment of space-
craft and missile subsystems; taught by experts in their fields. Practical
aspects of design and integration. Mission analysis, systems design and
verification, radiation and space environments, orbital mechanics, space
propulsion, electrical power and avionics subsystems, payload com-
munications, and attitude control. Subsystem-oriented design problems
focused around amission to be completed in groups. Tours of Lockheed
Martinfacilities. Limited enrolIment. Prerequisites: undergraduatedegree
inrelated engineering field or consent of instructor.
4 units, not given thisyear

M E 359B. Advanced Design and Engineering of Space Systems||—
Continuation of 359A. Topicsinclude aerospace materials, mechanical
environments, structural analysis and design, finite element analysis,
mechanisms, thermal control, probability and stati stics. Toursof Lockheed
Martinfacilities. Limited enrollIment. Prerequisites: undergraduatedegree
in related field, or consent of instructor.

4 units, not given thisyear

M E 361. Tur bulence—Governing equations. Averaging and correl ations.
Reynolds equations and Reynolds stresses. Free shear flows, turbulent
jet, turbulent length and time scal es, turbulent kinetic energy and kinetic
energy dissipation, and kinetic energy budget. Kolmogorov’'shypothesis
and energy spectrum. Wall bounded flows, channel flow and boundary
layer, viscousscales, and law of thewall. Turbulence modeling, gradient
transport and eddy viscosity, mixing lengthmodel , two-equation models,
Reynolds-stressmodel, and large-eddy simulation.
3units, Spr (Pitsch, H)

ME 362A. Physical Gas Dynamics—Concepts and techniques for
description of high-temperature and chemically reacting gases from a
mol ecular point of view. I ntroductory kinetictheory, chemical thermody-
namics, and stati stical mechanicsasappliedto propertiesof gasesand gas
mixtures. Transport and thermodynamic properties, law of mass action,
and equilibriumchemical composition. Maxwellianand Boltzmanndistri-
butionsof vel ocity and mol ecul ar energy. Examplesand applicationsfrom
areas of current interest such as combustion and material s processing.
3units, Aut (Cappelli, M)

ME 362B. Nonequilibrium Processesin High-Temper ature Gases—
Chemical kinetics and energy transfer in high-temperature gases. Col-
lision theory, transition state theory, and unimolecul ar reaction theory.
Prerequisie: 362A or consent of instructor.

3units, not given thisyear

M E 363. Partially | onized Plasmasand GasDischar 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, oscillations
and waves, interaction of electromagnetic waveswith plasmas. Applica-
tions: plasma diagnostics, plasma propulsion and materials processing.
Prerequisite: 362A or consent of instructor.
3 units, not given thisyear

M E 364. Optical Diagnosticsand Spectr oscopy— T hespectroscopy of
gasesand | aser-based diagnosti c techni quesfor measurementsof species
concentrations, temperature, density, and other flow field properties. Top-
ics: electronic, vibrational, and rotational transitions; spectral lineshapes
and broadening mechanisms; absorption, fluorescence, Rayleigh and
Raman scattering methods; collisional quenching. Prerequisite: 362A
or equivalent.
3units, Win (Hanson, R)

ME 367. Optical Diagnosticsand Spectroscopy L abor ator y—Princi-
ples, procedures, and instrumentation associated with optical measure-
ments in gases and plasmas. Absorption, fluorescence and emission,
and light-scattering methods. M easurements of temperature, species
concentration, and molecular properties. Lab. Enrollment limited to 16.
Prerequisite: 362A or 364.

4 units, Spr (Hanson, R)
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ME 370A. Energy Systems|: Thermodynamics—Thermodynamic
analysisof energy systemsemphasizing systematic methodol ogy for and
application of basic principles to generate quantitative understanding.
Availability, mixtures, reacting systems, phase equilibrium, chemical
availability, and modern computational methods for analysis. Prerequi-
sites: undergraduate engineering thermodynamics and computer skills
such asMatlab.
3units, Aut (Mitchell, R)

ME 370B. Energy Systems||: Modeling and Advanced Concepts—
Development of quantitativedevicemodel sfor complex energy systems,
includingfuel cells, reformers, combustionengines, and el ectrolyzers, us-
ingthermodynamicandtransportanaysis. Student groupswork onenergy
systemsto devel op conceptual understanding, and high-level, quantitative
and refined models. Advanced topics in thermodynamics and special topics
associated with devicesunder study. Prerequisite: 370A.
4 units, Win (Edwards, C)

ME 370C. Energy Systemsl|11: Projects—Refinement and calibration
of energy system models generated in ME 370B carrying the modelsto
maturity and completion. | ntegration of devicemodel sintoalarger model
of energy systems. Prerequisites: 370A,B, consent of instructor.

3-5 units, Spr (Edwards, C)

ME 371. 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: 362A or 370A, or consent
of instructor.

3 units, Win (Zheng, X)

ME 372. Combustion Applications—Theroleof chemical and physical

processes in combustion; ignition, flammability, and quenching of com-

bustible gas mixtures; premixed turbulent flames; laminar and turbulent

diffusion flames; combustion of fuel droplets and sprays. Prerequisite: 371.
3 units, Spr (Zheng, X)

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

ME 374B. Biodesign I nnovation: Concept Development and Imple-
mentation—(Same as BIOE 374B, OIT 385, MED 272B.) Two quarter
sequence. Concept development and implementation. Early factors for
success; how to prototype inventions and refine intellectual property. Lec-
tures, guest medical pioneers, and entrepreneursabout strategic planning,
ethical considerations, new venture management, and financing and li-
censing strategies. Cashrequirements; regulatory (FDA), reimbursement,
clinical, and legal strategies, and business or research plans.
3-4 units, Spr (Yock, P; Zenios, S; Brinton; Milroy, C)

ME 377.Experiencesin | nnovation and Design Thinking—Immersive
experiencesin innovation and design thinking, blurring the boundaries
among technology, business, and human values. Tenets of design think-
ing including being human-centered, prototype-driven, and mindful of
process. Topicsinclude design processes, innovation methodol ogies,
need finding, human factors, rapid prototyping, team dynamics, story-
telling, and project management. Hands-on projects, in-class exercises,
and guest lectures. Students and faculty from areas including business,
earth sciences, education, engineering, humanitiesand sciences, |aw, and
medicine. Preparationfor advanced d.school courses. Limited enrollment.
Application required. See http://dschool .stanford.edu/proj ects/classes/
me377.html.
3 units, Win (Kembel, G; Kelley, D; Kazaks, A)
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M E 381. Orthopaedic Bioengineering—Engineering approaches ap-
pliedtothemuscul oskel etal systeminthecontext of surgical and medical
care. Fundamental anatomy and physiology. Material and structural char-
acteristicsof hard and soft connectivetissuesand organ systems, and the
roleof mechanicsin normal devel opment and pathogenesis. Engineering
methods used in the eval uation and planning of orthopaedic procedures,
surgery, and devices.
3units, Aut (Carter, D)

ME 382A. Medical Device Design—Real world problems and chal -
lenges of biomedical device design and evaluation. Students engagein
industry sponsored projects resulting in new designs, physical proto-
types, design analyses, computational models, and experimental tests,
gaining experiencein: the formation of design teams; interdisciplinary
communication skills; regulatory issues; biological, anatomical, and
physiological considerations; testing standards for medical devices; and
intellectual property.
4 units, Win (Andriacchi, T)

M E 382B. M edical DeviceDesign—Continuation of industry sponsored
projectsfrom 382A. Withtheassi stanceof faculty and expert consultants,
students finalize product designs or complete detailed design evaluations
of new medical products. Bioethicsissuesand strtegiesfor funding new
medical ventures.

4 units, Spr (Andriacchi, T)

M E 385. TissueEngineering L ab—Hands-on experienceinthefabrica-
tion of living engineered tissues. Techniques include sterile technique,
culture of mammalian cells, creation of cell-seeded scaffolds, and the
effects of mechanical loading on the metabolism of living engineered
tissues. Theory, background, and practical demonstration for each tech-
nique. Lab.

1-2 units, Win (Jacobs, C)

M E 389. Bioengineeringand Biodesign Forum—(SameasBIOE 393.)
Guest speakerspresent research topicsat theinterfaces of biology, medi-
cine, physics, and engineering. May be repeated for credit.

1 unit, Aut (Yock, P; Taylor, C), Win (Taylor, C), Spr (Muendermann, A)

M E 390. T her mosciencesResear ch Proj ect Seminar—Review of work
inaparticular research program and presentations of related work.
1 unit, not given thisyear

M E 391. Engineering Problems—Directed study for graduateengineer-
ing students on subjects of mutual interest to student and staff member.
May be used to prepare for experimental research during alater quarter
under 392. Faculty sponsor required.

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

ME 392. Experimental I nvestigation of Engineering Problems—

Graduateengineering studentsundertakeexperimental investigationunder

guidanceof staff member. Previouswork under 391 may berequiredtopro-

vide background for experimental program. Faculty sponsor required.
1-5units, Aut, Win, Spr, Sum (Staff)

ME 393. Topicsin Biologically Inspired or Human Interactive
Robotics—A pplication of observationsfrom human and animal physiol-
ogy to robotic systems. Force control of motion including manipulation,
haptics, and locomotion. Weekly literature review forum led by student.
May berepeated for credit.

1 unit, Aut, Win (Cutkosky, M; Niemeyer, G), Spr (Cutkosky, M)

M E 394. Design For um—Introductiontothedesignfaculty andresearch
labs. Faculty describetheir work and research interests.
1 unit, Aut (Niemeyer, G)

M E 395. Seminar in Solid M echanics—Required of Ph.D. candidates
in solid mechanics. Guest speakerspresent research topicsrel ated to me-
chanicstheory, computational methods, and applicationsin science and
engineering. May berepeated for credit. See http://mc.stanford.edu.

1 unit, Aut, Win, Spr (Pruitt, B; Kuhl, E)



M E 396. Design and M anufacturing For um—Guest speakersaddress
issues of interest to design and manufacturing engineers. Sponsored by
Stanford Engineering Clubfor Automationand Manufacturing (SECAM).
May berepeated for credit

Lunit, Wn, Spr (Reis, R)

M E 397. Design T heory and M ethodol ogy Seminar—What do design-
ers do when they do design? How can their performance be improved?
Topics change each quarter. May berepeated for credit.

1-3 units, Aut, Win (Leifer, L; Mabogunje, A; Sonalkar, N), Spr (Staff)

ADVANCED GRADUATE
M E 400. T hesis(Engineer Degr ee)—I nvestigation of someengineering
problems. Required of Engineer degree candidates.

2-15 units, Aut, Win, Spr, Sum (Saff)

M E 406. Tur bulencePhysicsand M odelingUsingNumerical Simula-
tion Data—Prerequisite: consent of instructor.
2 units, Sum(Moain, P)

M E 408. Spectral Methodsin Computational Physics—Dataanaly-
sSis, spectra and correlations, sampling theorem, nonperiodic data, and
windowing; spectral methods for numerical solution of ordinary and
partial differential equations; accuracy and computational cost; fast
Fourier transform, Galerkin, collocation, and Tau methods; spectral and
pseudospectral methods based on Fourier series and eigenfunctions of
singular Sturm-Liouvilleproblems; Chebyshev, Legendre, and Laguerre
representati ons; convergenceof eigenfunctionexpansions; discontinuities
and Gibbs phenomenon; aliasing errors and control; efficientimplementa-
tion of spectral methods; spectral methodsfor complicated domains; time
differencing and numerical stability.
3 units, given next year

ME 412. Engineering Functional Analysisand Finite Elements—
Conceptsin functional analysisto understand models and methods used
in simulation and design. Topology, measure, and integration theory to
introduce Sobolev spaces. Convergence analysis of finite elements for
the generalized Poisson problem. Extensions to convection-diffusion-
reaction equations and elasticity. Upwinding. Mixed methods and LBB
conditions. Analysisof nonlinear and evol ution problems. Prerequisites:
335A,B, CME 200, CME 204, or consent of instructor. Recommended:
333, MATH 171.
3 units, alternateyears, not given thisyear

ME 417. Total Product I ntegration Engineering—For studentsaspir-
ing to be product development executives and leaders in research and
education. Advanced methods and tools beyond the material coveredin
217: quality designacrossglobal supply chain, robust product architecture
for market variety and technology advances, product development risk
management. Small teamsor individual s conduct apractical project that
produces acase study or enhancement to produce devel opment methods
and tools. Enrollment limited to 16. Prerequisites: 317A,B.
4 units, Aut (Ishii, K; Beiter, K)

M E 420.Applied Electrochemistry: Micro-and Nanoscale—Concepts
of physical chemistry such as thermodynamic equilibrium, reaction
kinetics, and mass transport mechanisms from which the fundamentals
of electrochemistry are derived. Theory of electrochemical methodsfor
material analyses and modifications with emphasis on scaling behaviors.
Electrochemical devicessuch as sensors, actuators, and probesfor scan-
ning microscopes, and their miniaturization concepts. Examplesof these
deviceshbuilt, characterized, and appliedinlabsusingtechnol ogiessuchas
scanning probetechni ques. Projectsfocuson current problemsinbiol ogy,
material science, microfabrication, and energy conversion.
3 units, Sum(Fasching, R)

M E 436.Advanced Techniquesfor M olecular Simulations—Advanced
methods for computer simulation of proteins. Long-rangeforce calcula-
tion, particlemesh Ewald, fast multipole method, multigrid. Freeenergy
methods, umbrellasampling, acceptance ratio, thermodynamic integra-
tion, non equilibrium methods, adaptive biasing force, parallel comput-
ing. Parallel algorithms, MPI, implementationissues. Prerequisites: 346,
statistical mechanics, advanced programmingin C.
3units, alternateyears, not given thisyear

M E 438. Computational M olecular M odeling Pr oj ect—Project-based

class. Topicsfor projectsincludeparal el methodsfor molecular dynamics,

multiple time stepping algorithms, free energy computation, molecular

pathwaysanalysis, |ong-timescal ebehavior of numerical integrators, and

multigrid based fast el ectrostatic algorithms. Students can propose their

ownprojects. Fina report and oral presentation. May berepeatedfor credit.
3units, Sum(Darve, E)

ME 450. Advancesin Biotechnology—Guest academic and industrial
speakers. Latest developments in fields such as bioenergy, green process
technol ogy, production of industrial chemicalsfromrenewableresources,
protein pharmaceutical production, industrial enzyme production, stem
cell applications, medical diagnostics, and medical imaging. Biotech-
nology ethics, business and patenting issues, and entrepreneurship in
biotechnol ogy.
3 units, Spr (Saff)

ME 451A. Advanced Fluid M echanics—Topics: kinematics (analysis
of deformation, critical points and flow topology, Helmholtz decomposi-
tion); constitutive relations (viscous and visco-elastic flows, non-inertial
frames); vortex dynamics; circulation theorems, vortex line stretching
and rotation, vorticity generation mechanisms, vortex filaments and
Biot-Savart formula, local induction approximation, impulseandkinetic
energy of vortex systems, vorticity inrotating frame. Prerequisite: graduate
courses in compressible and viscous flow.
3 units, not given thisyear

M E 451B.Advanced Fluid M echanics— 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.
Instability of fluid motion: dynamical systems, bifurcations, Kelvin-
Helmholtz instability, Rayleigh-Benard convection, energy method,
global stability, linear stability of parallel flows, necessary and sufficient
conditionsfor stability, viscosity asadestabilizing factor, convectiveand
absolute instability. Focus is on flow instabilities. Prerequisites: graduate
courses in compressible and viscous flow.

3units, Spr (Shagfeh, E)

ME 451C. Advanced Fluid M echanics—Compressible flow: govern-
ing equations, Crocco-Vazsonyi’s equations, creation and destruction of
vorticity by compressibility effects, shock waves. Modal decomposition
of compressible flow, linear and nonlinear modal interactions, interaction
of turbulence with shock waves. Energetics of compressibleturbulence,
effects of compressibility on free-shear flows, turbulent boundary layers,
Van Direst transformation, recovery temperature, and shock/boundary
layer interaction. Strong Reynolds analogy, modeling compressible
turbulent flows. Prerequisites: 355, 361A, or equivalents.
3units, not given thisyear

ME 453A. FiniteElement-Based M odelingand Simulation of Linear
Fluid/Structure I nteraction Problems—Basic physics behind many
fluid/structure interaction phenomena. Finite element-based computa-
tional approaches for linear modeling and simulation in the frequency
domain. Vibrations of elastic structures. Linearized equations of small
movements of inviscid fluids. Sloshing modes. Hydroelastic vibrations.
Acoustic cavity modes. Structural-acoustic vibrations. Applications to
liquid containersand underwater signatures. Prerequisite: graduatecourse
in the finite element method or consent of instructor.
3 units, not given thisyear
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M E 453B. Computational Fluid DynamicsBased M odelingof Nonlin-
ear Fluid/Structurel nter action Problems—Basi c physicsbehind many
high-speed flow/structure interaction phenomena. Modern computational
approaches for nonlinear modeling and simulation in the time domain.
Dynamic equilibrium of restrained and unrestrained elastic structures.
Corotational formulationfor largestructural displacementsandrotations.
Arbitrary Lagrangian-Eulerian description of inviscid and viscous flows.
Time-accurate CFD on moving and deforming grids. Discrete geometric
conservation laws. Discretization of transmission conditions on non-
matching discrete fluid/structure interfaces. Coupled fluid/mesh-motion/
structure time integration schemes. Application to divergence, flutter, and
buffeting. Prerequisites: graduate course in the finite element method, and
in computational fluid dynamics.
3 units, not given thisyear

M E 455. Complex Fluidsand Non-Newtonian Flows— Definition of a
complex liquid and microrheology. Division of complex fluids into suspen-
sions, solutions, and melts. Suspensions as colloidal and non-colloidal.
Extrastress and relation to the stresslet. Suspension rheology including
Brownian and non-Brownian fibers. Microhydrodynamics and the Fokker-
Planck equation. Linear viscoelasticity and the weak flow limit. Polymer
solutions including single mode (dumbbell) and multimode models.
Nonlinear viscoel aticity. Intermol ecul ar effectsinnondilutesol utionsand
melts and the concept of reptation. Prerequisites: low Reynolds number
hydrodynamics or consent of instructor.
3 units, not given thisyear

ME 457. Fluid Flowin Microdevices—Physi co-chemical hydrodynam-
ics. Creeping flow, electric double layers, and electrochemical transport
such as Nernst-Planck equation; hydrodynamics of solutions of charged
and uncharged particles. Device applicationsinclude microsystemsthat
perform capillary electrophoresis, drug dispension, and hybridization
assays. Emphasisison bioanalytical applicationswhereelectrophoresis,
electro-osmosis, and diffusion are important. Prerequisite: consent of
instructor.
3 units, Win (Santiago, J)

M E 461. Advanced Topicsin Tur bulence—Turbulencephenomenol ogy;
statistical description and the equations governing the mean flow; fluc-
tuations and their energetics; turbulence closure problem, two-equation
turbulence models, and second moment closures; non-local effect of
pressure; rapid distortion analysisand effect of shear and compressionon
turbulence; effect of body forces on turbulent flows; buoyancy-generated
turbulence; suppression of turbulence by stratification; turbulent flows of
variabledensity; effect of rotation onhomogeneousturbulence; turbulent
flows with strong vortices. Prerequisites: 351B and 361A, or consent of
instructor.
3units, Aut (Lele, )

ME 463. Advanced Topicsin Plasma Science and Engineering—
Research areas such as plasmadiagnostics, plasmatransport, wavesand
instabilities, and engineering applications.

3units, not given thisyear

ME 469A. Computational M ethodsin Fluid M echanics—Finitevol-
umemethodson stuctured and unstructured grids. Advanced methodsfor
the solution of systems of equations. ADI schemes, preconditioned con-
jugate gradient and generalized minimum residual algorithms, multigrid
methods, and deferred-correcti on approaches. Projection, fractional step,
and artificial compressibility methods. Turbulent flows: direct numerical
simulation, largeeddy simul ation, and Reynol ds-averaged Navi er-Stokes
methods. Prerequisite: ME 300C/CME 206 or equivalent.
3units, Win (laccarino, G)
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ME 469B. Computational Methodsin Fluid M echanics—Advanced
CFD codes. Geometry modeling, CAD-CFD conversion. Structured and
unstructured mesh generation. Solution methodsfor steady and unsteady
incompressible Navier-Stokes equations. Turbulence modeling. Conju-
gate (solid/fluid) heat transfer problems. Development of customized
physical models. Batch execution for parametric studies. Final project
involving solution of aproblem of student’s choosing. Prerequisite: ME
300C/CME 206.
3units, not given thisyear

M E 471. Tur bulent Combustion—Basisof turbulent combustion mod-
els. Assumption of scal e separation between turbulenceand combustion,
resultinginReynoldsnumber independenceof combustionmodels. Level-
set approach for premixed combustion. Different regimes of premixed
turbulent combustion with either kinematic or diffusive flow/chemistry
interaction leading to different scaling laws and unified expression for
turbulent velocity in both regimes. Models for non-premixed turbulent
combustion based on mixture fraction concept. Analytical predictions
for flame length of turbulent jets and NOx formation. Partially premixed
combustion. Analytical scaling for lift-off heights of lifted diffusion.
3units, alternateyears, not given thisyear

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

M E 485. M odeling and Simulation of Human M ovement—(Sameas
BIOE 485.) Direct experiencewiththecomputational toolsusedtocreate
simulationsof humanmovement. L ecture/l abson animation of movement;
kinematic model s of joints; forward dynamic simulation; computational
models of muscles, tendons, and ligaments; creation of models from
medical images; control of dynamic simulations; collision detection and
contact models. Prerequisite: 281, 331A,B, or equivalent.
3 units, Win (Delp, S; Levenston, M)

M E 491. Ph.D. Teaching Experience—Required of Ph.D. students. May
berepeated for credit.
3units, Aut, Win, Spr, Sum (Staff)

ME 500. Thesis(Ph.D.)
2-15 units, Aut, Win, Spr, Sum (Saff)



COGNATE COURSES (GRADUATE)

Seerespectivedepartment listingsfor coursedescriptions. Seedegree
requirements above or the department’s student services office for ap-
plicability of these coursesto amajor or minor program.

CHEMENG 444. Quantum Simulationsof Moleculesand Materials
3 units, Aut (Musgrave, C)

CS223A. Introduction to Robotics
3 units, Win (Khatib, O)

CS327A. Advanced Robotics
3 units, Spr (Khatib, O)

ENGR 206. Control System Design
4 units, Spr (Niemeyer, G)

ENGR 207A. Linear Control Systemsl|
3units, Aut (Lall, S

ENGR 207B. Linear Control Systemsl|
3units, Win (Lall, S

ENGR 209A. Analysisand Control of Nonlinear Systems
3units, Win (Saff)

ENGR 231. Transformative Design
3-5 units, Win (Roth, B; Ju, W; Jain, S)

ENGR 240. Introduction to Micro and Nano Electromechanical
Systems(M/NEM S)
3 units, Aut (Pruitt, B)

ENGR 341. Micro/Nano SystemsDesign and Fabrication L aboratory
3-5 units, Spr (Solgaard, O; Pruitt, B)

ME 231. Transfor mative Design
3-5 units, Win (Roth, B; Ju, W; Jain, S)

M S& E 250A. Engineering Risk Analysis
2-3 units, Win (Paté-Cornell, E)

M S& E 264. M anufacturing SystemsDesign
3-4 units, Aut (Erhun Oguz, F)

This file has been excerpted from the Stanford Bulletin, 2007-08, pages
240-256. Every effort hasbeen madeto ensure accuracy; post-press
changesmay have been madehere. Contact theeditor of thebulletin
at arod@stanford.edu with changesor corrections. Seethe bulletin
web siteat http://bulletin.stanford.edu for additional infor mation.
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