

    

        


        
        
                        
                
            
                    


        
            	
                    ngongoc
                
	
                    
                        Home
                    
                
	
                    
                        Comments
                    
                


        


        
    
    

    
        
            
                
                    
                                                    
    
        

        


        
            323 l Mechanical and Aerospace Engineering (MAE) STUDENT AFFAIRS: 182 Engineering Building II, Warren College http://maeweb.ucsd.edu http://aerospace.ucsd.edu Professors D. J. Benson, Ph.D. R. Bitmead, Ph.D. R. J. Cattolica, Ph.D. P. C. Chau, Ph.D. R. W. Conn, Ph.D. C. H. Gibson, Ph.D. J. D. Goddard, Ph.D. A. Hoger, Ph.D. S. Jin. Ph.D., Director, Materials Science Program S. Krasheninnikov, Ph.D. M. Krstic, Ph.D. J. Lasheras, Ph.D. P. F. Linden, Ph.D., Blasker Chair in Environmental Engineering X. Markenscoff, Ph.D. J. M. McKittrick, Ph.D. M. A. Meyers, Ph.D. D. R. Miller, Ph.D., Acting Senior Vice Chancellor for Academic Affairs H. Murakami, Ph.D. S. Nemat-Nasser, Ph.D., Director, Center of Excellence for Advanced Materials V. Nesterenko, Ph.D. C. Pozrikidis, Ph.D. S. Sarkar, Ph.D. K. Seshadri, Ph.D. R. E. Skelton, Ph.D. J. B. Talbot, Ph.D. F. E. Talke, Ph.D., CMRR Endowed Chair K. S. Vecchio, Ph.D. F. A. Williams, Ph.D., Director, Center for Energy Research Professors Emeritus H. Bradner, Ph.D. P. A. Libby, Ph.D. S.-C. Lin, Ph.D. S. Middleman, Ph.D. J. W. Miles, Ph.D. W. Nachbar, Ph.D. D. B. Olfe, Ph.D. S. S. Penner, Ph.D. A. M. Schneider, Sc.D. R. Raffray, Ph.D., Research Scientist, MAE/CER A. Rohatgi, Ph.D., Assistant Project Scientist, MAE D. Rudakov, Ph.D., Assistant Project Scientist, CER/MAE R. Seiser, Ph.D., Assistant Project Scientist, CER/MAE A. Starr, Ph.D., Assistant Project Scientist, MAE D.K. Sze, Ph.D., Research Scientist, MAE/CER M. Tillack, Ph.D., Research Scientist, MAE/CER The Department of Mechanical and Aero- space Engineering is a re-organization of the former Applied Mechanics and Engineering Sciences (AMES) Department. The MAE Depart- ment administers the interdepartmental Chemi- cal Engineering Program (CENG). The Structural Engineering Department (SE) is a separate department. Entering MAE freshmen will follow the new set of course work guidelines detailed in this sec- tion. Continuing students and transfer students will continue with their current set of course work guidelines outlined in previous general cat- alogs. The Student Affairs Office can provide the proper curriculum tables. All MAE, CENG and AMES students are encour- aged to visit the Student Affairs Office in EBU II for any clarification. SE students will refer to the SE section of the general catalog and should visit the Student Affairs Office located on the third floor of the Science and Engineering Research Facility (SERF). Department Focus The instructional and research programs are grouped into two major areas: mechanical engi- neering and aerospace engineering. Both the undergraduate and graduate programs are characterized by strong interdisciplinary relation- ships with the Departments of Physics, Mathe- matics, Bioengineering, Chemistry, Electrical and Computer Engineering, Computer Science and Engineering, Structural Engineering, the Materials Science Program, and associated campus insti- tutes such as the UCSD Center for Energy Research, the Institute for Nonlinear Science, Insti- tute of Geophysics and Planetary Physics, Institute for Pure and Applied Physical Sciences, Institute for Biomedical Engineering, Center for Magnetic Recording Research, Center of Excellence for Advanced Materials, California Space Institute, and Scripps Institution of Oceanography. Engineering, Mechanical and Aerospace Engineering (MAE) ____________________________________________ • H. W. Sorenson Associate Professors C. P. Caulfield, Ph.D. R. K. Herz, Ph.D. W. M. McEneany, Ph.D. K. Nomura, PhD. G. Tynan, Ph.D. Assistant Professors P. Bandaru, Ph.D. F. Beg, Ph.D. T. R. Bewley, Ph.D. S. Buckley, Ph.D. R. DeCallafon, Ph.D. S. Gille, Ph.D. S. G. Llewellyn-Smith, Ph.D. Affiliated Faculty L. Armi, Ph.D., Professor, SIO Y. Bahadori, Ph.D., Associate Adjunct Professor, MAE M. J. Bailey, Ph.D., Adjunct Professor, MAE C. Baker, Adjunct Professor, MAE; Deputy Director, CER M. Buckingham, Ph.D., Professor, SIO N. Delson, Ph.D., Academic Coordinator M. Kassner, Ph.D., Adjunct Professor, MAE V. Lubarda, Ph.D., Adjunct Professor, MAE W. K. Melville, Ph.D., Professor, SIO F. Najmabadi, Professor, Electrical and Computer Engineering N. Peters, Ph.D., Adjunct Professor, MAE R. Pinkel, Ph.D., Professor, SIO J. Rottman, Ph.D., Adjunct Professor, MAE F. Speiss, Ph.D., Professor Emeritus, SIO Professional Research Staff G. Antar, Ph.D., Assistant Project Scientist, CER/MAE M. Baldwin, Ph.D., Assistant Project Scientist, CER/MAE J. Boedo, Ph.D., Research Scientist, MAE/CER G. Carnevale, Ph.D., Research Oceanographer, SIO L. Chen, Ph.D., Associate Research Scientist, MAE G. Deane, Ph.D., Associate Research Oceanographer, SIO A. Didwania, Ph.D., Associate Research Scientist, MAE B. Fathollahi, Ph.D., Assistant Research Scientist, MAE G. Hirata, Ph.D., Assistant Project Scientist, MAE E. Hollmann, Ph.D., Assistant Project Scientist, CER/MAE S. Luckhardt, Ph.D., Research Scientist, MAE/CER R. Moyer, Ph.D., Research Scientist, MAE/CER A. Pigarov, Ph.D., Assistant Research Scientist, MAE/CER 
        

    





                                            

                

            

        


        
            
                
                
                
            

            
                

                

                
                    
                     Match case
                     Limit results 1 per page
                    

                    
                    

                

            

        
    


    
        
                            
                    


        

            
                
                    

                    
                    
                

                
                    
                    1

16
                    
                

                
                    
                    100%
Actual Size
Fit Width
Fit Height
Fit Page
Automatic


                    
                


                
                
                    
                    Embed
                
                
            


        

        

    




        

            

        
            
                
                    
                        
                            Home
                        

                        
                                            


                    
                        Mechanical and Aerospace Engineering (MAE)registrar.ucsd.edu/catalog/04-05/pdffiles/MAE.pdf · lMechanical and Aerospace Engineering (MAE) ... neering and aerospace engineering. ...

                        Mar 06, 2018

                        
                                                                                        Download
                                                        Report
                        


                        
                            Category:
                            
                                Documents
                            

                        


                                                    
                                Author:
                                ngongoc
                            

                        

                        

                        
                    



                    

                                    

            




            
                
                    
                                                    Welcome
                        
                                                    
                                Comments
                            
                        
                                            




                                            
                            Welcome message from author

                            This document is posted to help you gain knowledge. Please leave a comment to let me know what you think about it! Share it to your friends and learn new things together.
                        

                    

                                            
                                                            
                            
                            

                        

                    

                                    

            

        


                    
                
                    
                        Transcript

                        
                            Page 1
                        

323
 lMechanical andAerospaceEngineering (MAE)
 STUDENT AFFAIRS: 182 Engineering Building II,Warren Collegehttp://maeweb.ucsd.eduhttp://aerospace.ucsd.edu
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 D. J. Benson, Ph.D.R. Bitmead, Ph.D.R. J. Cattolica, Ph.D.P. C. Chau, Ph.D.R. W. Conn, Ph.D.C. H. Gibson, Ph.D.J. D. Goddard, Ph.D.A. Hoger, Ph.D.S. Jin. Ph.D., Director, Materials Science ProgramS. Krasheninnikov, Ph.D.M. Krstic, Ph.D.J. Lasheras, Ph.D.P. F. Linden, Ph.D., Blasker Chair in Environmental
 EngineeringX. Markenscoff, Ph.D.J. M. McKittrick, Ph.D.M. A. Meyers, Ph.D.D. R. Miller, Ph.D., Acting Senior Vice Chancellor
 for Academic AffairsH. Murakami, Ph.D.S. Nemat-Nasser, Ph.D., Director, Center
 of Excellence for Advanced MaterialsV. Nesterenko, Ph.D.C. Pozrikidis, Ph.D.S. Sarkar, Ph.D.K. Seshadri, Ph.D.R. E. Skelton, Ph.D.J. B. Talbot, Ph.D.F. E. Talke, Ph.D., CMRR Endowed ChairK. S. Vecchio, Ph.D.F. A. Williams, Ph.D., Director, Center
 for Energy Research
 Professors Emeritus
 H. Bradner, Ph.D.P. A. Libby, Ph.D.S.-C. Lin, Ph.D.S. Middleman, Ph.D.J. W. Miles, Ph.D.W. Nachbar, Ph.D.D. B. Olfe, Ph.D.S. S. Penner, Ph.D.A. M. Schneider, Sc.D.
 R. Raffray, Ph.D., Research Scientist, MAE/CERA. Rohatgi, Ph.D., Assistant Project Scientist, MAED. Rudakov, Ph.D., Assistant Project Scientist,
 CER/MAER. Seiser, Ph.D., Assistant Project Scientist, CER/MAEA. Starr, Ph.D., Assistant Project Scientist, MAED.K. Sze, Ph.D., Research Scientist, MAE/CERM. Tillack, Ph.D., Research Scientist, MAE/CER
 The Department of Mechanical and Aero-space Engineering is a re-organization of theformer Applied Mechanics and EngineeringSciences (AMES) Department. The MAE Depart-ment administers the interdepartmental Chemi-cal Engineering Program (CENG). The StructuralEngineering Department (SE) is a separatedepartment.
 Entering MAE freshmen will follow the newset of course work guidelines detailed in this sec-tion. Continuing students and transfer studentswill continue with their current set of coursework guidelines outlined in previous general cat-alogs. The Student Affairs Office can provide theproper curriculum tables.
 All MAE, CENG and AMES students are encour-aged to visit the Student Affairs Office in EBU IIfor any clarification. SE students will refer to theSE section of the general catalog and should visitthe Student Affairs Office located on the thirdfloor of the Science and Engineering ResearchFacility (SERF).
 Department Focus
 The instructional and research programs aregrouped into two major areas: mechanical engi-neering and aerospace engineering. Both theundergraduate and graduate programs arecharacterized by strong interdisciplinary relation-ships with the Departments of Physics, Mathe-matics, Bioengineering, Chemistry, Electrical andComputer Engineering, Computer Science andEngineering, Structural Engineering, the MaterialsScience Program, and associated campus insti-tutes such as the UCSD Center for EnergyResearch, the Institute for Nonlinear Science, Insti-tute of Geophysics and Planetary Physics, Institutefor Pure and Applied Physical Sciences, Institutefor Biomedical Engineering, Center for MagneticRecording Research, Center of Excellence forAdvanced Materials, California Space Institute,and Scripps Institution of Oceanography.
 Engineering, Mechanical and Aerospace Engineering (MAE)____________________________________________•
 H. W. Sorenson
 Associate Professors
 C. P. Caulfield, Ph.D.R. K. Herz, Ph.D.W. M. McEneany, Ph.D.K. Nomura, PhD.G. Tynan, Ph.D.
 Assistant Professors
 P. Bandaru, Ph.D.F. Beg, Ph.D.T. R. Bewley, Ph.D.S. Buckley, Ph.D.R. DeCallafon, Ph.D.S. Gille, Ph.D.S. G. Llewellyn-Smith, Ph.D.
 Affiliated Faculty
 L. Armi, Ph.D., Professor, SIOY. Bahadori, Ph.D., Associate Adjunct Professor, MAEM. J. Bailey, Ph.D., Adjunct Professor, MAE C. Baker, Adjunct Professor, MAE;
 Deputy Director, CER M. Buckingham, Ph.D., Professor, SION. Delson, Ph.D., Academic CoordinatorM. Kassner, Ph.D., Adjunct Professor, MAEV. Lubarda, Ph.D., Adjunct Professor, MAEW. K. Melville, Ph.D., Professor, SIOF. Najmabadi, Professor, Electrical and
 Computer EngineeringN. Peters, Ph.D., Adjunct Professor, MAE R. Pinkel, Ph.D., Professor, SIOJ. Rottman, Ph.D., Adjunct Professor, MAEF. Speiss, Ph.D., Professor Emeritus, SIO
 Professional Research Staff
 G. Antar, Ph.D., Assistant Project Scientist, CER/MAEM. Baldwin, Ph.D., Assistant Project Scientist,
 CER/MAEJ. Boedo, Ph.D., Research Scientist, MAE/CERG. Carnevale, Ph.D., Research Oceanographer, SIOL. Chen, Ph.D., Associate Research Scientist, MAEG. Deane, Ph.D., Associate Research
 Oceanographer, SIOA. Didwania, Ph.D., Associate Research Scientist, MAEB. Fathollahi, Ph.D., Assistant Research Scientist, MAEG. Hirata, Ph.D., Assistant Project Scientist, MAEE. Hollmann, Ph.D., Assistant Project Scientist,
 CER/MAES. Luckhardt, Ph.D., Research Scientist, MAE/CERR. Moyer, Ph.D., Research Scientist, MAE/CERA. Pigarov, Ph.D., Assistant Research Scientist,
 MAE/CER
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 lor’s degrees for professional careers or for grad-uate education in their area of specialization.In addition, the programs can also be taken by students who intend to use their undergradu-ate engineering education as preparation forpostgraduate professional training in nontechni-cal fields such as business administration, law,or medicine.
 Mechanical engineering is a traditional four-year curriculum in mechanics, vibrations, thermo-dynamics, fluid flow, heat transfer, materials,control theory, and mechanical design. Graduatesfind employment in the mechanical and aero-space industries as well as electro-mechanical orbiomedical industries. Mechanical engineers areinvolved in material processing, manufacturing,assembling, and maintenance of life-line facilitiessuch as power plants.
 Mechanical design includes conceptualdesign, drafting with 3D CAD programs, stress,dynamics, heat transfer or fluid dynamics analy-ses, and the optimization of the total system forsuperior performance and customer satisfaction.In manufacturing, the objective is to enhanceefficiency and economy by utilizing numericalcontrol (NC) of machine tools, mechatronics,micro-machining, and rapid prototyping.Currently, engineers have available computers,process models, and sensors to improve thequality and productivity of the manufacturinglines. In preparation for this modern era, themechanical engineering curriculum emphasizesCAD courses, computer courses, laboratorycourses, and design courses in addition to pro-viding a strong background in basic science.
 The following educational objectives havebeen established for the mechanical engineeringprogram:
 1. To provide a sound introduction to the basicsciences that underlie the disciplines ofmechanical and aerospace engineering
 2. To provide a thorough training in methods ofanalysis, including problem formulation andthe mathematical and computational skillsrequired by mechanical engineers
 3. To teach students the experimental and dataanalysis techniques required for engineeringapplications
 4. To teach the fundamentals of the designprocess, including project management, thesynthesis of information from different disci-plinary areas, and innovation and creativeproblem solving in an engineering setting
 5. To prepare students in the skills required forsuccessful participation on teams and in lead-ership positions, including effective writtenand oral communication
 6. To instill in our students an understanding oftheir professional and ethical responsibilities
 7. To provide students with the opportunity to gain a range of experiences through class-room and extramural activities on campusand through partnerships and internshipswith industry, with primary and secondaryschools, and with other organizations
 Aerospace engineering is a four-year curricu-lum that prepares students for a career in theaeronautical and astronautical industries, relatedtechnology industries, or for graduate school.
 The mission of the aerospace engineering program is to prepare students to be outstand-ing scientists and engineering leaders byemphasizing engineering fundamentals, princi-ples of professional practices, and their integra-tion into the design/development of advancedaeronautical and astronautical systems. The pri-mary goals are:
 • to provide our students with a strong techni-cal education that will enable them to havesuccessful careers as professional aerospace engineers, as educators in academia, and as members of other professions
 • to prepare our students for rapid technologi-cal change with the core knowledge centralto assuring that they are able to continuouslyimprove their skills across a range of disci-plines throughout their professional careers
 • to prepare our students to communicateeffectively and to deal knowledgeably andethically with the impact of technology in oursociety and on global issues
 The curriculum was developed to emphasizeengineering fundamentals, aerospace topics, andthe integration of these fundamentals and topicsinto the design of an aerospace system. Coursesin engineering fundamentals include materials,solid and fluid mechanics, thermodynamics, com-puter modeling, computer-aided-design, numeri-cal analysis, and controls. Courses covering theaerospace engineering topics include aerody-namics, aerospace structures, flight mechanics,dynamics and control of aerospace vehicles, andpropulsion. Students complete the program bytaking a two-quarter capstone design course thatintegrates all of their aerospace education into
 Engineering, Mechanical and Aerospace Engineering (MAE)____________________________________________•
 The educational mission of the department is to provide an excellent education to the nextgeneration of mechanical and aerospace engi-neers as one of the nation’s leading and mostinnovative mechanical and aerospace engineer-ing departments.
 This broad mission is supported by the follow-ing specific educational goals:
 • To provide our students with a strong techni-cal education that will enable them to havesuccessful careers as professional mechanicalaerospace and chemical engineers, as educa-tors in academia, and as members of other professions.
 • To prepare our students for rapid technologi-cal change with the core knowledge centralto assuring that they are able to continuouslyimprove their skills across a range of disci-plines throughout their professional careers.
 • To prepare our students to communicateeffectively and to deal knowledgeably andethically with the impact of technology in our society and on global issues.
 The Undergraduate Program
 Degree and Program OptionsThe Department of Mechanical and Aero-
 space Engineering (MAE) offers traditional ABETaccredited engineering programs leading to theB.S. degree in mechanical engineering, and aero-space engineering. MAE also offers traditionalnonaccredited engineering programs leading tothe B.S. degree in engineering science and envi-ronmental engineering. The B.S. programsrequire a minimum of 196 units. The ChemicalEngineering Program (CENG) is an interdepart-mental program and is described more com-pletely under the Chemical Engineering Programsection in this catalog.
 All MAE programs of study have strong com-ponents in laboratory experimentation, numeri-cal computation, and engineering design. Designis emphasized throughout the curricula by open-ended homework problems, by laboratory andcomputer courses which include student-initi-ated projects, and finally by senior design projectcourses which often involve teams of studentsworking to solve engineering design problemsbrought in from industry. The MAE programs aredesigned to prepare students receiving bache-

Page 3
                        

325
 the design, development, and testing of an aero-nautical or astronautical vehicle or component.Throughout the program, students take labora-tory courses that expose them to modern testingtechniques and enhance their understanding ofcomplex engineering topics. The program’s mainobjectives are:
 1. to provide students with a strong foundation in engineering fundamentals; in-depth knowl-edge of key topics in aerospace engineering including aerodynamics, propulsion, flight mechanics, orbital mechanics, aerospacestructures and materials, and design and con-trol of aerospace systems; and an awarenessof the value of life-long learning
 2. to provide thorough training in methods of analysis and problem-solving includingmathematical and computational skills and use of contemporary software and informa-tion technology tools
 3. to teach students the experimental and dataanalysis techniques required for aerospaceengineering applications
 4. to teach the fundamentals of the openendeddesign process, including project management,synthesis and integration of information fromfundamental and interdisciplinary areas, man-ufacturing and incorporation of non-technicalissues, and innovation and creative problemsolving in an engineering environment
 5. to prepare students with the skills required for successful participation on teams and for leadership positions, including effectivewritten and oral communication skills and professionalism
 6. to instill in our students an understanding of the role and importance of professionalresponsibility and engineering ethics
 7. to provide students with the opportunity to gain a range of experiences through class-room and extramural activities on campus and through participation and internships with industry and other organizations
 Further discussion of the degree requirementsand policies are provided in the AerospaceEngineering Undergraduate Student Handbook.
 The engineering science program resemblesthe Mechanical Engineering Program, except theamount of mechanical design is reduced andcontrol theory is not required. In addition to corecourses in dynamics, vibrations, structures, fluid
 mechanics, thermodynamics, heat transfer, andlaboratory experimentation, a large number oftechnical electives are scheduled. This aspect ofthe curriculum allows flexibility by permittingspecialization and in-depth study in one area ofthe engineering sciences or through a sequenceof courses on various emerging technologies.Students must consult their advisers to develop a sound course of study to fulfill the technicalelective of this program. Although a sequence in non-sciences may be permitted, the facultyadvisers may insist on a substantial number ofMAE or other science courses as technical electives.
 Environmental engineering is a four-yearcurriculum that resembles the chemical engi-neering curriculum in its first two years, with fun-damental engineering courses in mechanics,thermodynamics, physics, chemistry, and mathe-matics. In the third and fourth year, the programsdiverge: an environmental engineering sequenceis offered, as well as further specialization in fluidmechanics, and a wide choice of technical elec-tives, both from within MAE and other depart-ments. The environmental engineering majorfocuses on conveying an understanding andawareness of the fundamental processes associ-ated with human industrial activity that haveenvironmental implications, and on equippingthe next generation of engineers with the toolsto develop technologies that enable sustainableeconomic growth.
 The following educational objectives havebeen established for the environmental engi-neering program:
 1. to provide a sound introduction to the basicsciences that underlie the disciplines of envi-ronmental engineering
 2. to provide a thorough training in methods ofanalysis, including problem formulation andthe mathematical and computational skillsrequired by environmental engineers
 3. to teach students the experimental and dataanalysis techniques required for engineeringapplications
 4. to teach the fundamentals of the designprocess, including project management, thesynthesis of information from different disci-plinary areas, and innovation and creativeproblem solving in an engineering setting
 5. to prepare students in the skills required forsuccessful participation on teams and in lead-
 ership positions, including effective writtenand oral communication
 6. to instill in our students an understanding oftheir professional and ethical responsibilities
 7. to provide students with the opportunity to gain a range of experiences through class-room and extramural activities on campusand through partnerships and internshipswith industry, with primary and secondaryschools, and with other organizations
 Other Undergraduate Programs of Study in MAE
 The engineering mechanics minor involvessuccessful completion of seven MAE courses,including at least five upper-division coursesopen to students who meet the course prerequi-sites: one must be MAE 130A; one must be 101A(or CENG 101A) or 131A (or both may be taken);and the balance must be selected from MAE 3, 9or 10, 20, 110A, CENG 102, 130B, and 160. This setof courses provides a good introduction to engi-neering analysis and would be useful tononengineering majors desiring a backgroundthat could be used in professional communica-tion with engineers.
 Other minor options are restricted. Studentswishing to arrange a sequence of MAE courses tosatisfy minor requirements, or to meet particularacademic interests, must consult the MAE Stu-dent Affairs Office for referral to the appropriateMAE faculty member.
 Program AccreditationThe B.S. programs in mechanical engineering
 are accredited by the Engineering AccreditationCommission of the Accreditation Board forEngineering and Technology (ABET/EAC).
 Major RequirementsSpecific course requirements for each major
 program are outlined in tables in this section ofthe catalog. In addition to the required technicalcourses specifically indicated, a suggested sched-uling of humanities and social science courses(HSS) are distributed in the curricula for studentsto use to meet college general-educationrequirements. To graduate, students must main-tain an overall GPA of at least 2.0, and the depart-ment requires at least a C– grade in each courserequired for the major.
 Engineering, Mechanical and Aerospace Engineering (MAE)____________________________________________•
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 Deviations from these programs of studymust be approved by the Undergraduate AffairsCommittee prior to taking alternative courses. Inaddition, technical elective (TE) course selectionsmust have departmental approval prior to takingthe courses. In the accredited programs, TEcourses are restricted to meet ABET standards.Courses such as MAE 195, 197, and 198 are notallowed as a technical elective in meeting theupper-division major requirements. MAE 199 canbe used as a technical elective only under restric-tive conditions. Policy regarding these conditionsmay be obtained from the department’s StudentAffairs Office.
 Students with different academic preparationmay vary the scheduling of lower-divisioncourses such as math, physics and chemistry,but should consult the department. Deviations in scheduling MAE upper-division courses is dis-couraged and requires prior approval. Mostlower-division courses are offered more thanonce each year to permit students some flexibil-ity in their program scheduling. However, manyMAE upper-division courses are taught only onceper year, and courses are scheduled to be consis-tent with the curricula as shown in the tables.When possible, MAE does offer large enrollmentcourses more than once each year. A tentativeschedule of course offerings is available from the department each spring for the followingacademic year.
 General-Education/College Requirements
 For graduation each student must satisfy gen-eral-education course requirements determinedby the student’s college as well as the majorrequirements determined by the department.The six colleges at UCSD require widely differentgeneral-education courses, and the number ofsuch courses differs from one college to another.Each student should choose his or her collegecarefully, considering the special nature of thecollege and the breadth of general education.
 Each MAE program allows for humanities andsocial science (HSS) courses so that students canfulfill their college requirements. In the ABETaccredited programs, students must develop aprogram that includes a total of at least twenty-four units in the arts, humanities, and social sci-ences, not including subjects such as accounting,industrial management, finance, or personneladministration. It should be noted, however, that
 some colleges require more than the nine or tenHSS courses indicated in the curriculum tables.Accordingly, students in these colleges couldtake longer to graduate than the indicated four-year schedule. Students must consult with theircollege to determine which HSS courses to take.
 Professional LicensingAfter graduation, all students are encouraged
 to take the Fundamentals of Engineering (FE)examination as the first step in becominglicensed as a professional engineer (PE). Studentsgraduating from an accredited program can takethe PE examination after FE certification and twoyears of work experience; students graduatingfrom a nonaccredited program can take the PEexamination after FE certification and four yearsof work experience.
 For further information please contact yourlocal Board of Registration for ProfessionalEngineers and Land Surveyors.
 Four-Year Programs in Engineering
 Two computer languages, C/C++ (MAE 9) andFORTRAN (MAE 10) are offered to MAE studentsbut only one course is required. FORTRAN (MAE10) is recommended for students interested insoftware development of large-scale computercodes for calculation of the response of struc-tures and machines, and for the simulation ofnew products and manufacturing processes.C/C++ (MAE 9) is recommended for studentswho plan to be involved in data acquisition, par-allel processing over the network, and use ofCAD software for design and graphics.
 Mechanical EngineeringThe Mechanical Engineering Program has a
 traditional ABET accredited four-year curriculuminvolving mechanics, vibrations, thermodynam-ics, fluid flow, heat transfer, materials, control the-ory, and mechanical design. Graduates of thisprogram are expected to have the followingskills, knowledge, and abilities:
 1. An ability to apply knowledge of mathemat-ics, science, and engineering to mechanicalengineering problems
 2. An ability to design and conduct experiments,as well as to analyze and interpret data
 3. An ability to design mechanical and thermalsystems, components, or processes to meetdesired needs
 4. An ability to function on multi-disciplinaryteams
 5. An ability to identify, formulate, and solveengineering problems
 6. An understanding of professional and ethicalresponsibility
 7. An ability to communicate effectively withwritten, oral, and visual means
 8. The broad education necessary to under-stand the impact of engineering solutions in a global and societal context
 9. A recognition of the need for, and an abilityto engage in life-long learning
 10. A knowledge of contemporary issues
 11. An ability to use modern engineering tech-niques, skills, and computing tools necessaryfor engineering practice.
 12. A familiarity with chemistry, calculus-basedphysics, and advanced mathematics
 13. Familiarity with probability theory, statistics,and linear algebra
 Recommended Course Sequence—MechanicalEngineering for Students entering fall 2004
 FALL WINTER SPRING
 FRESHMAN YEARMath. 20A Math. 20B Math. 20CMAE 1 Phys. 2A Phys. 2B & 2BLChem. 6A Chem. 6B MAE 3 HSS HSS HSS
 SOPHOMORE YEARMath. 20D Math. 20F Math. 20EPhys. 2C & 2CL MAE 9 or 10 MAE 130B MAE 20 MAE 130A or SE 101BHSS or SE 101A MAE 131A
 HSS HSS
 JUNIOR YEARMAE 110A MAE 101A MAE 101B MAE 105 MAE 143A MAE 143B MAE 140 MAE 130C MAE 170MAE 107 MAE 160 HSS
 SENIOR YEARMAE 101C MAE 171A MAE 171BMAE 156A MAE 156B TEMAE 150 TE HSSTE HSS HSS
 * Students entering the mechanical engineering majorprior to fall 2001 should see the MAE Student AffairsOffice for the recommended course sequence.
 • Chem. 6AH-6BH sequence may be taken in place of Chem. 6A-B.
 • In fulfilling the humanities and social science require-ments (HSS), students must take a total of at least twenty-four units in the arts, humanities, and social sciences, notincluding subjects such as accounting, industrial manage-
 Engineering, Mechanical and Aerospace Engineering (MAE)____________________________________________•
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 ment, finance, or personnel administration. Ten HSS cours-es are listed here; individual college requirements may be higher.
 • Technical electives (TE) must be an upper-division or graduate course in the engineering sciences, natural sciences or mathematics.
 • MAE 141A has been re-numbered to MAE 143B.
 • Students entering fall 2001 and later are required to takeMAE 143A and should not take ECE 101.
 See the MAE Student Affairs Office for a com-plete list of Technical Electives.
 Engineering ScienceThe engineering science program resembles
 the mechanical engineering program, exceptthat the course load of mechanical design isreduced, and control theory is not required. Inaddition to core courses in dynamics, vibrationsstructures, fluid mechanics, thermodynamics,heat transfer, and laboratory experimentation, alarge number of technical electives are sched-uled. This aspect of the curriculum allows flexibil-ity, permitting specialization and in-depth studyin one area of the engineering sciences or devel-opment of a sequence of courses emerging fromthe current research interests of the faculty ofMAE and/or other departments, e.g., sequencesin the earth sciences, transportation, or energy-related studies. Students intending to pursuepostgraduate professional careers in non-techni-cal fields such as business administration, law, ormedicine may develop an appropriate sequenceof courses. Although a sequence in the non-sci-ences may be permitted, the faculty adviser mayinsist on a substantial number of MAE or otherscience courses as technical electives. Studentsmust consult their advisers to develop a bal-anced course of study to fulfill the technical elective requirements of this program. This cur-riculum also allows the highest number ofhumanities and social science courses (HSS) tomeet college general-education requirements.
 Recommended Course Sequence—Engineering Science for Students entering fall 2004*
 FALL WINTER SPRING
 FRESHMAN YEARMath. 20A Math. 20B Math. 20CMAE 1 Phys. 2A Phys. 2B & 2BLChem. 6A Chem. 6B MAE 3HSS HSS HSS
 SOPHOMORE YEARMath. 20D Math. 20F Math. 20EPhys. 2C & 2CL MAE 9 or 10 MAE 130B MAE 20 MAE 130A or SE 101BHSS or SE 101A MAE 131A
 HSS HSS
 JUNIOR YEARMAE 110A MAE 101A MAE 101BMAE 105 MAE 160 MAE 170MAE 140 MAE 130C HSSMAE 107 HSS HSS
 SENIOR YEARMAE 150 MAE 171A MAE 171B MAE 101C TE TETE TE HSSHSS HSS HSS
 • Chem. 6AH-6BH sequence may be taken in place ofChem. 6A-B.
 • Humanities and social science (HSS) courses should beselected to meet general-education requirements of thecolleges. Individual college requirements may be higheror lower than what is listed here.
 • Four technical elective (TE) courses must be upper-divi-sion or graduate courses in the engineering sciences, nat-ural sciences or mathematics selected with prior approvalof the department. A sequence of non-science coursesmay also be selected with prior approval (see programdescription).
 See the Student Affairs Office for a completelist of Technical Electives.
 Aerospace Engineering
 Aerospace engineering is an Abet-accred-ited four-year curriculum that begins with fun-damental engineering courses in mechanics,thermodynamics, materials, solid mechanics,fluid mechanics, and heat transfer. Additionalcourses are required in aerospace structures,aerodynamics, flight mechanics, propulsion, con-trols, and aerospace design. Graduates of thisprogram enter graduate school or enter theaerospace industry to develop aircraft andspacecraft, but also they find employment inother areas that use similar technologies, such asmechanical and energy-related fields. Examplesinclude automobile, naval, and sporting equip-ment manufacturing.
 Graduates of this program are expected tohave the following skills, knowledge, and abilities:
 1. an ability to apply knowledge of mathemat-ics, science, and engineering to aerospaceengineering problems
 2. an ability to design and conduct experments,as well as to analyze and interpret data
 3. an ability to design a system, component, orprocess to meet desired needs
 4. an ability to function on multi-disciplinaryteams
 5. an ability to identify, formulate, and solveengineering problems
 6. an understanding of professional and ethicalresponsibility.
 7. an ability to communicate effectively withwritten, oral, and visual means
 8. the broad education necessary to under-stand the impact of engineering solutions ina global and societal context
 9. a recognition of the need for, and an abilityto engage in life-long learning
 10. a knowledge of contemporary issues
 11. an ability to use modern engineering tech-niques, skills, and computing tools necessaryfor engineering practice
 12. knowledge of key topics in aeronauticalengineering including aerodynamics, aero-space materials, structures, propsion, flightmechanics, and stability and control
 13. knowledge of topics in astronautical engi-neering including attitude determinationand control, space structures, orbitalmechanics, and rocket propulsion
 14. an ability to integrate knowledge of the fun-damental topics in the design of an aero-space system
 Recommended Course Sequence—Aerospace Engineering for Students enteringfall 2004
 FALL WINTER SPRING
 FRESHMAN YEARMath. 20A Math. 20B Math. 20CMAE 2 Phys. 2A Phys. 2B & 2BLChem. 6A HSS SE 2HSS HSS HSS
 SOPHOMORE YEARMath. 20D Math. 20F Math. 20EPhys. 2C& 2CL MAE 9 or 10 MAE 131A MAE 3 MAE 130A or MAE 130B orHSS SE 101A SE 101B
 HSS HSSJUNIOR YEARMAE 105 MAE 101A MAE 101B MAE 110A MAE 130C MAE 143BMAE 140 MAE 143A MAE 170MAE 107 HSS SE 160A
 SENIOR YEARMAE 101C MAE 155A MAE 155BMAE 104 MAE 142 HSSMAE 150 MAE 175A HSSSE 160B MAE 113 TE
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 • Chem. 6AH may be taken in place of Chem. 6A.
 • In fulfilling the humanities and social science (HSS)requirements, students must take a total of at least twen-ty-four units in the arts, humanities, and social sciences,not including subjects such as accounting, industrialmanagement, finance, or personnel administration. TenHSS courses are listed here; individual college require-ments may be higher.
 • Technical elective (TE) course must be upper-division orgraduate courses in engineering sciences, natural sci-ences, or mathematics selected with a prior approval ofthe department. See Student Affairs in MAE for a currentlist of approved TEs.
 Recommended Course Sequence—Aerospace Engineering for Students enteringfall 1999–2002
 FALL WINTER SPRING
 FRESHMAN YEARMath. 20A Math. 20B Math. 21CMAE 2 Phys. 2A Phys. 2B & 2BLChem. 6A Chem. 6B MAE 3 HSS HSS HSS
 SOPHOMORE YEARMath. 21D Math. 20F Math. 20EPhys. 2C& 2CL MAE 9 or 10 MAE 130B or HSS MAE 130A or SE 101BHSS SE 101A MAE 131A
 HSS SE 2JUNIOR YEARMAE 105 MAE 101A MAE 101B MAE 110A MAE 130C MAE 143BMAE 140 MAE 143A MAE 170HSS HSS SE 160A
 SENIOR YEARMAE 101C MAE 142 HSS MAE 104 MAE 155A MAE 155BMAE 150 MAE 175A TESE 160B MAE 113 HSS
 * Students entering the aerospace major prior to fall 1999should see the MAE Student Affairs Office for the recommended course sequence.
 • Chem. 6AH-6BH sequence may be taken in place of Chem. 6A-B.
 • In fulfilling the humanities and social science (HSS)requirements, students must take a total of at least twen-ty-four units in the arts, humanities, and social sciences,not including subjects such as accounting, industrialmanagement, finance, or personnel administration. TenHSS courses are listed here; individual college require-ments may be higher.
 • Technical elective (TE) courses must be upper-division orgraduate courses in the engineering sciences, natural sci-ences or mathematics selected with prior approval of thedepartment. See Student Affairs in MAE for a current listof approved TE’s.
 Environmental EngineeringThe environmental engineering program
 resembles the chemical engineering program for the first two years. In the third and fourth
 year, the programs diverge: an environmentalengineering sequence is offered, as well as further specialization in fluid mechanics, and a wide choice of technical elective (TE) courses,both from within MAE and in other departments.
 FALL WINTER SPRING
 FRESHMAN YEARMath. 20A Math. 20B Math. 20CMAE 9 or 10 Phys. 2A Phys. 2B & 2BLChem. 6A Chem. 6B/BL Chem. 6C HSS HSS HSS
 SOPHOMORE YEARMath. 20D Math. 20F Math. 20EPhys. 2C & 2CL CENG 100 CENG 102 Chem. 126 or 131 Chem. 127 or 132 Chem. 140A HSS HSS HSSJUNIOR YEARMAE 105 MAE 101A MAE 101B CENG 120 TE MAE 170MAE 107 TE MAE 124HSS HSS HSS
 SENIOR YEARMAE 101C MAE 126A MAE 126B MAE 125A MAE 125B TETE TE TEHSS HSS HSS
 • Humanities and social science (HSS) courses should beselected to meet general-education requirements of thecolleges. Individual college requirements may be higheror lower than what is listed here.
 • Technical electives (6): at least 2 must be from MAE and 2 must be upper-division courses.
 • See MAE Student Affairs Office for a complete list of TE's.
 Policies and Procedures forMAE Undergraduate Students
 Application for Admission to the Major
 Admission to the department as an MAEmajor or minor, or to fulfill a major in anotherdepartment which requires MAE courses, is inaccordance with the general requirementsestablished by the Jacobs School of Engineering.The admission requirements and procedures aredescribed in detail in the section on “Admissionto the Jacobs School of Engineering” in this cata-log. Applicants who have demonstrated excel-lent academic performance prior to beingadmitted to UCSD will be admitted directly tothe engineering major of their choice. Thesedirectly admitted students and all students areexpected to complete lower- and upper-divisioncourses, as suggested in the curriculum tables,in a timely fashion in the sequences outlined.
 Transfer Students
 Requirements for admission as an MAE majoror minor, or into MAE courses, are the same fortransfer students as they are for continuing stu-dents (see section on “Admission to the JacobsSchool of Engineering” in this catalog). Accor-dingly, when planning their program, transferstudents should be mindful of lower-divisionprerequisite course requirements, as well as for meeting collegiate requirements.
 Students who have taken equivalent courseselsewhere may request to have transfer creditapply toward the department’s major require-ments. To receive transfer credit, complete a MAEStudent Petition form and submit it to MAEStudent Affairs. For mathematics, chemistry andphysics, transfer equivalencies are determined by the respective departments. An UndergraduateStudent Petition must be submitted to eachdepartment from which you are requestingtranfer credit.
 Effective fall 2004, it is strongly recom-mended that transfer students complete the fol-lowing preparation for engineering majors*:
 • Calculus I—for Science and Engineering(Math. 20A)
 • Calculus II—for Science and Engineering(Math. 20B)
 • Calculus and Analytic Geometry (Math. 20C)
 • Differential Equations (Math. 20D)
 • Linear Algebra (Math. 20F)
 • Complete calculus-based physics series withlab experience (Physics 2A-B-C)
 • Chemistry 6A (except Computer Science andComputer Engineering majors)
 • Highest level of introductory computer pro-gramming language course offerings at thecommunity college**
 *Effective fall 2006, these courses will berequired preparation for all engineering transferstudents.
 **Refer to the UCSD General Catalog to selectmajor prerequisite requirement for computerlanguage courses.
 Academic AdvisingUpon admission to the major, students should
 consult the catalog or MAE Web site (http://maeweb.ucsd.edu) for their program of study or their undergraduate adviser if they have ques-
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 tions. The program plan may be revised in subse-quent years, but revisions involving curricularrequirements require approval by the under-graduate adviser or the Undergraduate AffairsCommittee. Because some course and/or curricu-lar changes may be made every year, it is impera-tive that students consult with the department’sundergraduate adviser on an annual basis.
 Many MAE courses are offered only once a year and therefore should be taken in the recom-mended sequence. If courses are taken out ofsequence, it may not always be possible to enrollin courses as desired or needed. If this occurs,students should seek immediate departmentaladvice. When a student deviates from thesequence of courses specified for each curricu-lum in this catalog, it may be impossible tocomplete an MAE major within the normal four-year period.
 In addition to the advising available throughthe Student Affairs Office, programmatic or tech-nical advice may be obtained from MAE facultymembers. A specific MAE faculty mentor isassigned to each MAE student. All MAE studentsare required to meet with their faculty mentor atleast once a quarter.
 Program Alterations/Exceptions to Requirements
 Variations from or exceptions to any programor course requirements are possible only if apetition is approved by the MAE UndergraduateAffairs Committee before the courses in questionare taken. Petition forms may be obtained fromthe MAE Student Affairs Office and must beprocessed through this office.
 Independent StudyMAE students may take MAE 199, Independent
 Study for Undergraduates, under the guidance of an MAE faculty member.This course is taken asan elective on a P/NP basis. Under very restrictiveconditions, however, it may be used to satisfyupper-division technical elective course require-ments for the major. Students interested in thisalternative must identify an MAE faculty memberwith whom they wish to work and propose atwo-quarter research or study topic. After obtain-ing the faculty member’s concurrence on thetopic and scope of the study, the student mustsubmit a Special Studies Course form (each quar-ter) and an MAE 199 as Technical Elective Contractform to the Undergraduate Affairs Committee.
 These forms must be completed, approved, andprocessed prior to the add/drop deadline. Detailedpolicy in this regard and the requisite forms maybe obtained from the Student Affairs Office.
 TeachingStudents interested in participating in the
 instructional activities of the department maytake MAE 195, Undergraduate Teaching.Normally, this course is taken as an elective on a P/NP basis. Under very restrictive conditions,it may be used to satisfy upper-division technicalelective course requirements for the major. Policyin this regard and the appropriate forms may beobtained from the Student Affairs Office.
 Integrated Bachelor’s/Master’s Degree Program
 An integrated program leading to a bachelorof science and a master of science degree inengineering is offered to undergraduate stu-dents who are enrolled in any of the major pro-grams offered by the Department of MAE.Contact the MAE Graduate Student Affairs Officefor details.
 The program is open only to UCSD under-graduates. The Department of MAE does nothave financial assistance available for studentsenrolled in this program.
 The Graduate Program
 The Department of Mechanical and AerospaceEngineering offers graduate instruction leadingto the M.S. and Ph.D. degrees in engineeringsciences with a designated specialization in eachof the following areas: aerospace engineering,applied mechanics, applied ocean sciences, engi-neering physics, and mechanical engineering.
 Admission is in accordance with the generalrequirements of the graduate division, whichrequires a B.S. and/or M.S. degree in some branchof engineering, the physical sciences, or mathe-matics; an overall GPA of 3.0; and three letters of recommendation from individuals who canattest to the academic or professional compe-tence and to the depth of their interest in pursu-ing graduate study. In addition, all applicants arerequired to submit GRE General Test scores. Aminimum score of 550 on the Test of English as aForeign Language (TOEFL) is required of all inter-national applicants whose native language is notEnglish and whose undergraduate education
 was conducted in a language other than English.Students who score below 600 on the TOEFLexamination are strongly encouraged to enroll inan English as a second language program beforebeginning graduate work. (UCSD Extensionoffers an excellent English language programduring the summer as well as the academicyear.) Applicants are judged competitively. Basedon the candidate’s background, qualifications,and goals, admission to the program is in one of three categories: M.S. only, M.S., or Ph.D.Admission to the M.S. only category is reservedfor students for whom the MS degree is likely tobe the terminal graduate degree. The M.S. desig-nation is reserved for students currently inter-ested in obtaining an M.S. degree but who at alater time may wish to continue in the doctoraldegree program. Admission to the Ph.D. programis reserved for qualified students whose final aimis a doctoral degree. Policies for possible changesin status are given under the “Master’s DegreeProgram” below.
 Non-matriculated students are welcome toseek enrollment in MAE courses via UC Exten-sion’s concurrent registration program, but anextension student’s enrollment in an MAE gradu-ate course must be approved by the instructor.
 Master’s Degree Program
 The M.S. program is intended to extend andbroaden an undergraduate background and/orequip practicing engineers with fundamentalknowledge in their particular fields. The degreemay be terminal, or obtained on the way to thePh.D. The degree is offered under both the ThesisPlan I and the Comprehensive Examination PlanII (see “Graduate Studies: Master’s Degree”).A strong effort is made to schedule M.S.-levelcourse offerings so that students may obtaintheir M.S. degree in one year of full-time study or two years of part-time study.
 M.S. Time Limit Policy: Full-time M.S. stu-dents are permitted seven quarters in which to complete all requirements. While there are no written time limits for part-time students, thedepartment has the right to intervene and setindividual deadlines if it becomes necessary.
 Course requirements are flexible in theapplied mechanics and engineering physics pro-grams. Specific departmental requirements forthe M.S. degree are as follows:
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 Thesis Plan I: This plan of study involves bothcourse work and research, culminating in thepreparation of a thesis. A total of forty-eightunits of credit is required: thirty-six units (ninecourses) must be in course work, and twelveunits must be in research. The student’s programis arranged, with prior approval of the facultyadviser, according to the following policies:
 1. Course work must include sixteen units (fourcourses) of MAE 200-level courses.
 2. Units obtained in MAE 205, 259, or 299 maynot be applied toward the course workrequirement.
 3. No more than a total of eight units of MAE296 and 298 may be applied toward thecourse work requirement.
 4. No more than twelve units of upper-division100-level courses may be applied toward thecourse work requirement.
 5. Twelve units of MAE 299 must be taken to ful-fill the research requirement.
 Students must maintain at least a B average in the courses taken to fulfill the degree require-ments. A thesis based on the research is writtenand subsequently reviewed by the thesis adviserand two other faculty members appointed bythe dean of Graduate Studies. The review is nor-mally an oral defense of the thesis.
 Comprehensive Examination Plan II: Thisplan of study involves course work only and cul-minates in a comprehensive examination.A total of forty-eight units of credit (twelvecourses) is required. The student’s program isarranged, with prior approval of the facultyadviser, according to the following policies:
 1. At least sixteen units (four courses) must beMAE 200-level courses.
 2. Units obtained in MAE 205, 259, or 299 may not be applied toward the degreerequirements.
 3. No more than a total of eight units of MAE296 and 298 may be applied toward thedegree requirements.
 4. No more than twelve units of upper-division100-level courses may be applied toward thedegree requirements.
 Students must maintain at least a B average in the courses taken to fulfill the degree require-ments. The comprehensive examination is con-ducted by the adviser and at least two other
 faculty members. The examination committeenormally conducts an oral examination in twoareas of specialization covered by course worktaken by the student. A student working towardthe Ph.D. degree who has successfully passedtwo areas of the department’s Ph.D. examinationneed not take the comprehensive examination forthe M.S.degree.
 Change of Degree. Upon completion of the requirements for the M.S. degree, studentsadmitted as M.S. only or M.S. candidates are not automatically eligible for admission to thePh.D. program.
 M.S. only candidates who subsequently wishto pursue a doctorate must submit an applica-tion for a change in status to their examiningcommittee. If the recommendation is positiveand the request approved, the student must submit a general petition for graduate studentsto effect the change of status. In addition, theexamining committee may recommend that the examination satisfy one of the three topicsrequired in the departmental qualifying exami-nation for the doctorate.
 M.S. candidates who subsequently wish topursue a doctorate must also submit an applica-tion for a change in status to their examiningcommittee. In this case, a special examination isnot required. The application, however, must beapproved and signed by an MAE faculty memberwho expects to serve as the student’s Ph.D.adviser. When the request is approved, the stu-dent must submit a general petition for graduatestudents to effect the change of status. If the stu-dent elects the comprehensive examination planfor the M.S. degree, this examination may be usednot only to fulfill the requirement for the M.S.degree but also to satisfy one of the three topicsrequired in the departmental qualifying examina-tion for the doctorate. In fact, the M.S. examina-tion may be part of the doctoral examination.
 M.S. Program
 To complete an M.S. degree with specializa-tion in aerospace engineering, engineeringphysics, mechanical engineering, appliedmechanics, or applied ocean sciences, studentsmust complete a sequence of courses unique totheir area. Students should consult with their fac-ulty adviser, as well as the MAE Graduate StudentAffairs Office, when choosing their courses.
 Doctoral Degree Program
 The MAE Ph.D. program is intended to preparestudents for a variety of careers in research andteaching. Therefore, depending on the student’sbackground and ability, research is initiated assoon as possible. In general, there are no formalcourse requirements for the Ph.D. All students, inconsultation with their advisers, develop courseprograms that will prepare them for the MAEDepartmental Qualifying Examination and fortheir dissertation research. However, these pro-grams of study and research must be planned tomeet the time limits established to advance tocandidacy and to complete the requirements forthe degree. Doctoral students who have passedthe Departmental Examination may take anycourse for an S/U grade with the exception ofany course that the student’s Departmental orPh.D. Qualifying Examination Committee stipu-lates must be taken in order to remove a defi-ciency. It is strongly recommended that all MAEgraduate students take a minimum of twocourses (other than research) per academic yearafter passing the Departmental QualifyingExamination. Specific details in this regard canbe obtained from the MAE Student Affairs Office.
 Doctoral Examinations: An MAE Ph.D. stu-dent is required to pass three examinations. Thefirst is a Departmental Qualifying Examination(DQE) which is intended to determine the candi-date’s ability to successfully pursue a researchproject level appropriate for the doctorate. Thisfirst exam must be taken within the first six quar-ters of registration as a graduate student. TheDQE is an oral examination by a committee offour persons (two of which must be in the MAEdepartment) and is based on material taughtover 36 units in three areas of study: a major area(four courses), a minor area (two introductorycourses), and a study in mathematics or basic science (three courses). Students must submit a plan of study, approved by their adviser, to the Graduate Affairs Committee for finalapproval by the end of their second quarter of graduate study.
 The Teaching Experience is required of allMAE Ph.D. students prior to taking the Ph.D.Qualifying Exam. The teaching experience isdefined as lecturing one hour per week in eithera problem-solving section or regular lecture for one quarter in a course designated by thedepartment. The requirement can be fulfilled by teaching assistant service or taken as a course
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 for academic credit (MAE 501). Students mustcontact the Student Affairs Office to plan forcompletion of this requirement.
 The Ph.D. Qualifying Examination is thesecond examination required of MAE Ph.D. stu-dents. In preparation for the Ph.D. QualifyingExamination, students must have completed theDepartmental Qualifying Examination and theDepartmental Teaching Experience requirement,obtained a faculty research adviser, and haveidentified a topic for their dissertation researchand have made initial progress. At the time ofapplication for advancement to candidacy, a doc-toral committee responsible for the remainder ofthe student’s graduate program is appointed bythe Graduate Council. The committee conductsthe Ph.D. Qualifying Examination, during whichstudents must demonstrate the ability toengage in dissertation research. This involvesthe presentation of a plan for the dissertationresearch project. The committee may ask ques-tions directly or indirectly related to the projectand general questions that it determines to berelevant. Upon successful completion of thisexamination, students are advanced to candi-dacy and are awarded the Candidate in Philo-sophy degree (see “Graduate Studies” section in this catalog).
 The Dissertation Defense is the final Ph.D.examination. Upon completion of the disserta-tion research project, the student writes a disser-tation that must be successfully defended in anoral examination and public presentation con-ducted by the doctoral committee. A completecopy of the student’s dissertation must be sub-mitted to each member of the doctoral commit-tee approximately four weeks before thedefense. It is understood that this copy of thedissertation given to committee members willnot be the final copy, and that the committeemembers may suggest changes in the text at thetime of the defense. This examination may notbe conducted earlier than three quarters afterthe date of advancement to doctoral candidacy.Acceptance of the dissertation by the Office ofGraduate Studies and Research and the univer-sity librarian represents the final step in comple-tion of all requirements for the Ph.D.
 There is no formal foreign language require-ment for doctoral candidates. Students areexpected to master whatever language is neededfor the pursuit of their own research.
 Ph.D. Time Limit Policy. Pre-candidacy statusis limited to four years. Doctoral students are
 eligible for university support for six years (engi-neering physics, seven years). The defense andsubmission of the doctoral dissertation must be within seven years (engineering physics,eight years).
 Evaluations. In the spring of each year, thefaculty evaluate each doctoral student’s overallperformance in course work, research, and pros-pects for financial support for future years. A writ-ten assessment is given to the student after theevaluation. If a student’s work is found to be inad-equate, the faculty may determine that the stu-dent cannot continue in the graduate program.
 Joint Doctoral Program with San Diego State University
 The Department of Mechanical and AerospaceEngineering at UCSD participates in a joint doctoralprogram with the Graduate Group in AppliedMechanics at SDSU. The program leads to thedegree of doctor of philosophy in engineeringsciences (applied mechanics). Participants in theprogram are required to spend one year enrolledat UCSD; their dissertation research is carried outunder the supervision of an SDSU faculty member.
 Information regarding admission may beobtained from the departmental Student Affairs Office.
 The Graduate Curriculum inChemical Engineering
 The Chemical Engineering (CENG) graduateprogram is an interdepartmental program and isdescribed more completely under the ChemicalEngineering Program in this catalog.
 C O U R S E S
 All students enrolled in MAE courses or admittedto an MAE program are expected to meet prerequi-site and performance standards, i.e., students maynot enroll in any MAE courses or courses in anotherdepartment which are required for the major priorto having satisfied prerequisite courses with a C– or better. (The department does not consider D or Fgrades as adequate preparation for subsequentmaterial.) Additional details are given under thevarious program outlines, course descriptions, andadmission procedures for the Jacobs School ofEngineering in this catalog. Furthermore, themajority of MAE courses have enrollment restric-tions which give priority to or are open only to
 declared pre-engineering students and/or to stu-dents who have been admitted to an MAE major.Where these restrictions apply, the registrar will notenroll other students except by department stampon class enrollment cards. The department expectsthat students will adhere to these policies of theirown volition and enroll in courses accordingly.Students are advised that they may be dropped atany time from course rosters if prerequisites and/orperformance standards have not been met.
 While most lower-division courses are offeredmore than once each year, many MAE upper-division courses are taught only once per year,and courses are scheduled to be consistent with the curricula as shown in the tables. When possible,MAE does offer selected large enrollment coursesmore than once each year.
 LOWER-DIVISION
 MAE 01. Introduction to Mechanical and AerospaceEngineering (4)A general introduction to the various specialties inmechanical engineering using analysis of a specifiedsystem. Performance prediction using engineeringanalysis. Performance testing and post-test evaluation.A discussion of the role of engineers in research,design and development, testing, management,teaching. Professional ethics. Prerequisite: MAE majorsonly.
 MAE 02. Introduction to Aerospace Engineering (4)An introduction to topics in aeronautical and astro-nautical engineering including aerodynamics, propul-sion, flight mechanics, structures, materials, orbitalmechanics, design, mission planning, and environ-ments. General topics include historical background,career opportunities, engineering ethics, and profes-sionalism. Prerequisite: none.
 MAE 03. Introduction to Engineering Graphics and Design (4)Introduction to design process through a hands-ondesign project performed in teams.Topics include prob-lem identification,concept generation,project manage-ment, risk reduction. Engineering graphics andcommunication skills are introduced in the areas of:Computer-Aided Design (CAD), hand sketching, andtechnical communication. Prerequisite: grade of C– orbetter in Physics 2A or 4A (or concurrent enrollment).Priority enrollment given to engineering majors.
 MAE 05. Quantitative Computer Skills (4)Introductory course for non-engineering majors. Useof computers in solving problems; applications fromlife sciences, physical sciences, and engineering.Students run existing computer programs and com-plete some programming in BASIC. Prerequisite: none.
 MAE 09. C/C++ Programming (4)C/C++ computer programming under the UNIX envi-ronment with applications to numerical problems fun-damental to computational mechanics. Arithmeticoperations, branches, arrays, data structures, and useof pointers are introduced. Programming ethics arediscussed. Priority enrollment given to pre-engineer-ing and engineering majors.
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 MAE 10. FORTRAN for Engineers (4) FORTRAN 90 computer programming under UNIXenvironment with applications to numerical problemsrelevant to engineering applications. Arithmetic oper-ations, control constructs, subprograms, arrays andarray processing. Input/Output handling and someadvanced features of FORTRAN 90 are introduced.Programming ethics. Priority enrollment given to pre-engineering and engineering majors.
 MAE 20. Elements of Materials Science (4)The structure of materials: metals, ceramics, glasses,semiconductors, superconductors and polymers.Control of internal structure to produce desired prop-erties. Mechanical, rheological, electrical, optical,superconducting and magnetic properties and classi-fication. Prerequisites: Phys. 2A or 4A, Chem. 6A, Math.21C or 20D (or concurrent registration).
 MAE 87. Freshman Seminar (1)The Freshman Seminar program is designed to pro-vide new students with the opportunity to explore anintellectual topic with a faculty member in a smallseminar setting. Freshman seminars are offered in allcampus departments and undergraduate colleges,and topics vary from quarter to quarter. Enrollment islimited to fifteen to twenty students, with preferencegiven to entering freshmen. Prerequisite: none.
 MAE 90. Undergraduate Seminar (1) Selected topics of interest to the faculty will be used tointroduce students to engineering science. Pre-requisite: none. Not open to upper-division students.
 UPPER-DIVISION
 MAE 101A. Introductory Fluid Mechanics (4)Fluid statics; fluid kinematics; integral and differentialforms of the conservation laws for mass, momentumand energy; Bernoulli equation; potential flows;dimensial analysis and similitude. Prerequisites: admis-sion to an engineering major and grades of C– or betterin Phys. 2A, Math. 20D, 20E.
 MAE 101B. Advanced Fluid Mechanics (4)Laminar and turbulent flow. Pipe flow including fric-tion factor. Boundary layers, separation, drag, and lift.Compressible flow including shock waves.Professional ethics will be discussed. Prerequisite:admission to an engineering major and grade of C– orbetter in MAE 101A and MAE 110A.
 MAE 101C. Heat Transfer (4)Extension of fluid mechanics in MAE 101A-B to vis-cous, heat-conducting flows. Application of the energyconservation equation to heat transfer in ducts andexternal boundary layers. Heat conduction and radia-tion transfer. Heat transfer coefficients in forced andfree convection. Design applications. Prerequisite:admission to an engineering major and grade of C– orbetter in MAE 101A-B.
 MAE 104. Aerodynamics (4)Basic relations describing flow field around wings andbodies at subsonic and supersonic speed. Thin-wingtheory. Slender-body theory. Formulation of theoriesfor evaluating forces and moments on airplanegeometries. Application to the design of high-speedairplanes. Prerequisites: admission to the engineeringmajor and grade of C– or better in MAE 101A-B.
 MAE 105. Introduction to Mathematical Physics (4)Fourier series, Sturm Liouville theory, elementary par-tial differential equations, integral transforms withapplications to problems in vibration, wave motion,and heat conduction. Prerequisites: admission to engi-neering major or and grades of C– or better in Phys. 2A-Band Math. 20D or Math. 21D.
 MAE 107. Computational Methods in Engineering (4)Introduction to scientific computing and algorithms;iterative methods, systems of linear equations withapplications; nonlinear algebraic equations; functioninterpolation and differentiation and optimal proce-dures; data fitting and least-squares; numerical solu-tion of ordinary differential equations. Prerequisites:engineering majors only and grades of C– or better inMAE 9 or MAE 10 and Math. 20F.
 MAE. 110A. Thermodynamics (4)Fundamentals of engineering thermodynamics:energy, work, heat, properties of pure substances, firstand second laws for closed systems and control vol-umes, gas mixtures. Application to engineering sys-tems, power and refrigeration cycles, combustion.Prerequisites: grades of C- or better in Phys. 2C and Chem6A. Enrollment restricted to engineering majors only.
 MAE 110B. Thermodynamic Systems (4)Thermodynamic analysis of power cycles with applica-tion to combustion driven engines: internal combus-tion, diesel, and gas turbines. Thermodynamics ofmixtures and chemical and phase equilibrium.Computational methods for calculating chemical equi-librium. Prerequisite: grade of C– or better in MAE 110A.
 MAE 113. Fundamentals of Propulsion (4)Compressible flow, thermodynamics, and combustionrelevant to aircraft and space vehicle propulsion.Analysis and design of components for gas turbines,including turbines, inlets, combustion chambers andnozzles. Fundamentals of rocket propulsion. Prereq-uisites: admission to engineering major and grades of C–or better in MAE 110A or CENG 102 and MAE 101A-B-C orCENG 101A-B-C (formerly CENG 103A-B-C).
 MAE 117A. Elementary Plasma Physics (4)(Cross-listed with Physics 151.) Particle motions, plas-mas as fluids, waves, diffusion, equilibrium and stabil-ity, nonlinear effects, controlled fusion. Prerequisites:MAE 117A. Math. 21D or consent of instructor. Phys. 100B-C or ECE 107 are suggested.
 MAE 117B. Industrial Plasma Applications (4)Charged particle motion in DC and RF electro-mag-netic; atomic processes in plasmas; ionization, excita-tion, dissociation, rate constants, electron energybalance electric breakdown of the gases; debyelength, plasmas quasi-neutrality, sheath; DC, capaci-tive, inductive, and wave-heated discharges; etching,deposition, and implantation. Prerequisites: Phys. 100B-C or ECE 107 or consent of instructor; Math. 21D.
 MAE 117L. Elements of Experimental Plasma Physics (4)Measurements of electron density and temperaturewith the lengmuire probes, emission spectroscopymeasurements of neutrals and ions in plasmas; electricbreakdown of the gases; plasmas etching of materials.Prerequisites: none.
 MAE 118A. Energy: Non-Nuclear Energy Technologies (4)Oil recovery from tar sands and oil shale. Coal produc-tion, gasification, liquefaction. The hydrogen economy.Energy storage systems. Techniques for direct energy
 conversion. Solar energy utilization. Hydroelectric powergeneration. Hydrothermal energy. Geothermal energyfrom hot rocks. Electrical power production, transmis-sion, and distribution. Prerequisite: consent of instructor.
 MAE 118B. Energy: Nuclear Energy Technologies (4)A brief survey of energy demands and resources.Available nuclear energy, background in atomic andnuclear physics; fission and fusion processes, physicsof fission reactions—engineering aspects—safety andenvironmental effects, fusion-including laser fusionand magnetic confinement, and nuclear power eco-nomics. Prerequisite: consent of instructor.
 MAE 118C. Introduction to Fusion Science andTechnologies (4)Overview of basic fusion processes, high-temperatureplasma characteristics, and fusion power plant fea-tures. Reaction rates and energy balance for burningfusion plasmas. Survey of the enabling technologiesfor practical fusion and related applications outside offusion, such as plasma-material interactions, plasmaheating, high heat flux engineering, superconductiv-ity, advanced materials, and nuclear technology.Prerequisites: MAE 101A or CENG 103A or CENG 101A andeither Physics 100B, 100C, ECE 107, or their equivalent.
 MAE 120. Dynamics of Natural Flows (4) Description of atmosphere and oceans; hydrologicalcycle. Dynamics of stratified and rotating flows.Surface and interfacial waves; the solitary wave,hydraulic flows. Flow over topography. Gravity cur-rents. Stratified withdrawal. Applications to river flow,estuaries, atmosphere-ocean system, water treatment,reservoir management. Prerequisites: MAE 101B andMAE 105 with a grade of C– or better.
 MAE 121. Convective Flows in the Environment (4) Convection and the Rayleigh number. Plumes andthermals relation to atmospheric boundary layer andocean mixed layer. Effects of rotation. Katabatic flows.Fires and clouds. Double-diffusive convection withoceanographic and industrial applications; solarponds. Prerequisites: MAE 101B and MAE 105 with agrade of C– or better.
 MAE 122. Air Pollution Modeling (4) Fickian diffusion; advection-diffusion equation.Turbulent dispersion and eddy diffusivities. Gaussianplume models for passive scalars; entrainment. Con-cepts of buoyancy and momentum fluxes. Similaritytheory of the atmospheric boundary layer. Currentpractices and regulations. Experience with air disper-sion software. Prerequisites: MAE 101B and MAE 105with a grade of C– or better.
 MAE 123. Fluid-Solid Interactions in EnvironmentalEngineering (4) Fundamentals of adsorption and surface reactions,and processes in porous media and packed beds (dif-fusion/dispersion/flow coupled with adsorption/reac-tion). Examples include reactions on atmosphericparticulates, reactions on ice crystals in the polaratmosphere and effect on ozone, transport of contam-inant plumes in groundwater, and remediationprocesses such as catalytic destruction of air pollu-tants. Prerequisite: consent of instructor.
 MAE 124. The Human Earth: An Introduction toEnvironmental Engineering and Policy (4)(Cross-listed with ESYS 103.) This course explores theimpacts of human social, economic, and industrialactivity on the environment. It highlights the centralroles in ensuring sustainable development played by
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 market forces, technological innovation and govern-mental regulation on local, national, and global scales.Prerequisites: grade of C– or better in Math. 20B or Math.10A-C; Phys. 2B or Phys. 1A-C; and Chem. 6B or by consentof instructor.
 MAE 125A. Flow and Transport in the Environment (4) Study of river flow and hydraulic control; surfacewaves; applications to reservoirs and estuaries.Introduction to stratification and buoyancy; applica-tions to atmospheric surface layer and the oceanmixed layer. Ideas behind turbulent dispersion.Turbulent and scaling laws. Gravity currents and kata-batic flows. Prerequisites: engineering majors and stu-dents receiving a grade of C– or better in MAE 101A orCENG 103A or CENG 101A.
 MAE 125B. Fluid-Solid Interactions in EnvironmentEngineering (4) Introduction to groundwater flow. Pollution transportthrough the water table. Chemical processes in ozonehole. Fundamentals of flow. Darcy flow. Diffusion anddispersion. Gravity currents and plumes in porousmedia. Mushy layers. Chemistry of fluid-solid interac-tions. Fundamentals of adsorption and surface reac-tions. Prerequisites: engineering majors and studentsreceiving a grade of C– or better in MAE 125A.
 MAE 125C. Case Studies In Environmental Engineering (4) This course is project-oriented. Students will conductresearch in small groups, give oral presentations andwrite reports. Topics reflect material in MAE 125A andMAE 125B. Possible topics: air pollution modeling,building ventilation, wetland preservation. Pre-requisites: engineering majors and student receiving agrade of C– or better in MAE 125A-B.
 MAE 126A. Environmental Engineering Laboratory I (4) Design and analysis of experiments in environmentalengineering. Experiments in wind tunnel, water tun-nel, and other equipment. Use of instrumentation.Laboratory report writing; error analysis; engineeringethics. Prerequisites: grade of C– or better in MAE 101A,MAE 125A-B.
 MAE 126B. Environmental Engineering Laboratory II (4) Design and analysis of original studies in environmen-tal engineering. Students work on environmental proj-ects and use computational and laboratory facilities.Students propose and design studies, collect and ana-lyze data, and prepare a major report. Prerequisite:grade of C– or better in MAE 126A.
 MAE 130A. Mechanics I: Statics (4) (Cross-listed with SE 101A) Principles of statics usingvectors; two and three-d equilibrium of staticallydeterminate structures under discrete and distributedloading including hydrostatics; internal forces andconcepts of stress; free body diagrams; moment, prod-uct of inertia; analysis of trusses and beams. Prere-quisites: Math. 21C and Phys. 2A with grades of C– orbetter. Students cannot also receive credit for SE 101A.
 MAE 130B. Mechanics II: Dynamics (4) (Cross-listed with SE101B) Kinematics and kinetics ofparticles in 2-D and 3-D motion by using vector repre-sentation. Orbital mechanics.Work, energy, and power.Conservative forces, conservation principles. Momen-tum, impulsive motion and impact. Rigid body kineticsand kinematics; Coriolis acceleration, eulerian angles.Undamped vibrating systems. Prerequisites: Math. 20Dand MAE 130A or SE 101A with grades of C– or better.Student cannot also receive credit for SE 101B.
 MAE 130C. Mechanics III: Vibrations (4)Free and forced vibrations of damped one-degree offreedom systems. Matrix representation of discretemultiple degree of freedom systems. Use of Matlab for both modal analyses and response analyses of systems subjected to impulse and step loading.Lagrange’s equations.Modal superposition for analysisof continuous vibrating systems with applications tostructures. Prerequisites: admission to the engineeringmajor and grades of C– or better in Math. 20F and MAE130B or SE 101B.
 MAE 131A. Fundamentals of Solid Mechanics I (4)Stress and strain, generalized Hooke’s law. Mechanicsof deformable bodies under torsional, shearing andbending loads. Deflection of beams. Stability ofcolumns. St. Venant’s semi-inverse torsion analysis.Strain energy and energy principles. Design of stati-cally indeterminate rods, shafts, beams and columns.Professional ethics. Prerequisites: admission to the engi-neering major and Grades of C– or better in Math. 20D or21D, 20F; and MAE 130A or SE 101A.
 MAE 131B. Fundamentals of Solid Mechanics II (4)Continuum mechanics of solids and its application tothe mechanical response of machine and structuralelements. Stress and strain in indicial notation; fieldequations and constitutive relations. Linear elasticstress analysis in torsion, plane stress and plane strain;stress concentrations; fracture mechanics. Extremumprinciples and structural stability. Viscoelasticity, plas-ticity, and failure criteria. Theorems of plastic limitanalysis. Prerequisites: admission to the engineeringmajor and grades of C– or better in MAE 131A, and MAE105 (or concurrent enrollment).
 MAE 131C. Solid Mechanics III (4)Small deflection theory of plates. Solutions for rectan-gular and circular plates. Buckling of rectangularplates. Large deflections and shear deformations.Energy methods and finite element method of analy-sis. Prerequisites: admission to the engineering majorand grade of C– or better in MAE 131A.
 MAE 133. Finite Element Methods in Mechanical andAerospace Engineering (4)Development of stiffness and mass matrices basedupon variational principles and application to static,dynamic, and stability design problems in structuraland solid mechanics. Architecture of computer codesfor linear and nonlinear finite element analysis andbasic computer implementation. The use of generalpurpose finite element structural analysis computercodes. Prerequisites: admission to the engineering majorand grades of C– or better in MAE 131AB and MAE 107.
 MAE 135. Computational Mechanics (4) Mathematical modeling in terms of systems of alge-braic and differential equations. Overview of numeri-cal methods. Problem statement, boundary, and initialconditions. Overview of commerical packages for solv-ing the equations of Mathematical and EngineeringPhysics. Numerical solutions of selected examplesdrawn from real-life applications of fluid flow, solidmechanics, and heat transfer with emphasis ondesign. Prerequisite: consent of instructor.
 MAE 137. Technical Writing for Engineers (2)Writing techniques for clear and effective presentationof technical information and ideas. Fundamentals ofediting through peer review under instructor guid-ance. Several short papers on technical topics will beassigned. Students must complete college writingrequirement(s) prior to taking this course. Prere-
 quisites: completion of College Writing Program with agrade of C– or better (HUM 5 or MCWP 50 or DOC 3 orWARR 10B or MMW 6 or 6H).
 MAE 140. Linear Circuits (4)Steady-state and dynamic behavior of linear, lumped-parameter electrical circuits. Kirchoff’s laws. RLC cir-cuits. Node and mesh analysis. Operational amplifiers.Signal acquisition and conditioning. Electric motors.Design applications in engineering. Prerequisites:admission to the engineering major and grades of C– orbetter in Math. 20D, and Phys. 2B.
 MAE 142. Dynamics and Control of Aerospace Vehicles (4)The dynamics of vehicles in space or air are derived foranalysis of the stability properties of spacecraft andaircraft. The theory of flight, lift, drag, dutch roll andphugoid modes of aircraft are discussed. Optimal statespace control theory for the design of analog and dig-ital controllers (autopilots). Prerequisites: admission tothe engineering major and grades of C– or better in MAE104 and MAE 141A or MAE 143B or ECE 171A.
 MAE 143A. Signals and Systems (4)First-order vector ordinary differential equations, con-cepts of state, input and output. Linearity and lin-earization concepts introduced with solutions. Laplaceand Fourier transforms are defined for signals.Transferfunctions and frequency responses for systems.Spectra and filtering for deterministic signals, proba-bility and statistics of random signals and treatment.Prerequisites: admission to MAE or bioengineering majorand grade of C– or better in Math. 20E, 20F, and 20D.
 MAE 143B. Linear Control (4)Analysis and design of feedback systems in thefrequency domain. Transfer functions. Time responsespecifications. PID controllers and Ziegler-Nichols tun-ing. Stability via Routh-Hurwitz test. Root locusmethod. Frequence response: Bode and Nyquist dia-grams. Dynamic compensators, phase-lead and phase-lag. Actuator saturation and integrator wind-up.Prerequisite: grade of C– or better in MAE 143A.
 MAE 143C. Digital Control Systems (4)Discrete time systems: sampling. aliasing, stability, Z-transform, discrete time signals, state space models;state equations, canonical forms, observability, con-trollability. Pole placement design, observer design,output feedback, linear quadratic regulator design.Implementation: digital approximation, computa-tional and numerical issues. Prerequisite: grade of C– orbetter in MAE 143B.
 MAE 149. Sensor Networks (4)(Cross-listed with ECE 156 and SIO 238.) Focus on thecharacteristics of chemical, biological, seismic, andother physical sensors; signal-processing techniquessupporting disbtributed detection of salient events;wireless communication and networking protocolssupporting formation of robust sensor fabrics; currentexperience with low power, low cost sensor deploy-ments. Undergraduates will be given a final exam.Graduates will be required to complete a term-paperor formal project. Prerequisites: upper-division standingand consent of instructor, or graduate student in scienceor engineering.
 MAE 150. Computer-Aided Design (4)Computer-Aided Analysis and Design. Designmethodology, tolerance analysis, Monte Carlo analysis,kinematics and computer-aided design of linkages,numerical calculations of moments of inertia, designof cams and cam dynamics; finite element analysis,
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 design using Pro-E, Mechanica Motion and MechanicaStructures. Prerequisites: grade of C– or better in MAE130A or SE 101A; BENG 110, and MAE 107.
 MAE 152. Computer Graphics for Engineers and Scientists (4)Computer graphics algorithms using C programmingand Ironcad. Applications in engineering and science.Line-drawing algorithms. Area fill algorithms, color,CAD user interface, spline curves and surfaces, 2-D and3-D transformations, wireframe and solid models.Hidden-surface elimination. Prerequisities: grade of C–or better in MAE 3 and MAE 9 or 10.
 MAE 155A. Aerospace Engineering Design I (4) Fundamental principles of aerospace design. Applica-tion of engineering mechanics to the design of aero-space components. Design and analysis of aerospacecomponents and assemblies. Prerequisites: grade of C–or better in MAE 104, 113, 130C, 142, 150, SE 2 and SE 160B.Students may enroll concurrently with MAE 113 and 142.
 MAE 155B. Aerospace Engineering Design II (4) Fundamental principles of aerospace design. Applica-tion of engineering mechanics to the design of aero-space components. Design, manufacture and assembleprojects involving preliminary design for a realisticengineering application. Prerequisites: grade of C– orbetter in MAE 130C, 150, 155A.
 MAE 156A. Fundamental Principles of Mechanical Design I (4)Fundamental principles of mechanical design and thedesign process. Application of engineering science tothe design and analysis of mechanical components.Initiation of team design projects that culminate inMAE 156B with a working prototype designed for areal engineering application. Prerequisite: grade of C–or better in MAE 101C, MAE 130C, MAE 131A, MAE 150,MAE 160, and MAE 170.
 MAE 156B. Fundamental Principles of Mechanical Design II (4)Fundamental principles of mechanical design and thedesign process. Culmina-tion of a team design projectinitiated in MAE 156A which results in a working pro-totype designed for a real engineering application.Prerequisite: grade of C– or better in 156A in the immedi-ately preceding quarter, MAE 101C, MAE 150.
 MAE 160. Mechanical Behavior of Materials (4)Elasticity and anelasticity, dislocations and plasticity ofcrystals, creep, and strengthening mechanisms.Mechanical behavior of ceramics, composites, andpolymers. Fracture: mechanical and microstructural.Fatigue. Laboratory demonstrations of selected topics.Prerequisites: grades of C– or better in MAE 20, MAE 130A(or SE 101A) and MAE 131A.
 MAE 161. Electronic, Magnetic, and Photonic Materials (4)Introduction to the worlds of electronic, magnetic/photonic materials, the unique properties of advanceengineering materials in relation to processing, fabri-cation, and microstructure. Semiconductors, metals,alloys, ceramics, polymers, and composite materialsand their practical applications. Prerequisite: consent ofinstructor.
 MAE 162. Advanced Materials: Processing, Selection andDesign (4) Introduction to various techniques used in fabricatinguseful bodies with optimal structural, magnetic, opti-cal, or electronic properties. Influence of the type ofraw material, densification techniques and methods to
 tailor composition and microstructure. Ceramics, met-als, semiconductors, and composites will be discussed.Prerequisite: MAE 160 or consent of instructor.
 MAE 163. Mechanics of Porous Materials (4) Powder packing structures. Fundamentals of the con-tinuum mechanics of powder deformation, plasticityof porous materials. Micromechanical models. Reviewof main methods of powder shaping, synthesis andmanufacturing of high density structures: cold consol-idation, forging, rolling, sintering, uniaxial hot pressing,hot isostatic compaction (HIP), extrusion, injectionmolding. Prerequisite: consent of instructor.
 MAE 165. Fatigue and Failure Analysis of EngineeringComponents (4)The engineering and scientific aspects of crack nucle-ation, slow crack growth, and unstable fracture in crys-talline and amorphous solids. Microstructural effectson crack initiation, fatigue crack growth and fracturetoughness. Methods of fatigue testing and fracturetoughness testing. Fractography and microfractogra-phy. Design safe methodologies and failure preven-tion. Failure analysis of real engineering structures.Prerequisite: consent of instructor.
 MAE 166. Nanomaterials (4)Basic principles of synthesis techniques, processing,microstructural control and unique physical propertiesof materials in nano-dimensions. Nanowires, quantumdots, thin films, electrical transport, optical behavior,mechanical behavior, and technical applications ofnanomaterials. Prerequisite: consent of instructor.
 MAE 167. Wave Dynamics in Materials (4) Pressure and shear waves in infinite solids. Reflectionand diffraction. Rayleigh and Love waves in semi-infinite space. Impulse load on a half space. Wave-guides and group velocity. Prerequisite: consent of instructor.
 MAE 168. MEME Materials, Fabrication, andApplications (4) The principles of micro-electro-mechanical systems(MEMS) fabrication, materials involved, actuation prin-ciples utilized, and the fundamentals of MEMS opera-tion in relation to stresses and deformation. Noveldevice applications, future trends, and nano-electro-mechanical (NEMS) systems. Prerequisite: consent ofinstructor.
 MAE 170. Experimental Techniques (4)Principles and practice of measurement and controland the design and conduct of experiments. Technicalreport writing. Lectures relate to dimensional analysis,error analysis, signal-to-noise problems, filtering, dataacquisition and data reduction, as well as backgroundof experiments and statistical analysis. Experimentsrelate to the use of electronic devices and sensors.Prerequisite: Grade of C– or better in Phys. 2CL andadmission to any engineering major.
 MAE 171A. Mechanical Engineering Laboratory I (4)Design and analysis of experiments in fluid mechanics,solid mechanics, and control engineering. Experimentsin wind tunnel, water tunnel, vibration table and mate-rial testing machines, and refined electromechanicalsystems. Laboratory report writing; error analysis; engi-neering ethics. Prerequisites: grade of C– or better in MAE101C (or CENG 103C); MAE 160, MAE 143B, MAE 170, andsenior standing in engineering major.
 MAE 171B. Mechanical Engineering Laboratory II (4) Design and analysis of original experiments inmechanical engineering. Students research projectsusing experimental facilities in undergraduate labora-tories: wind tunnel, water channel, vibration table, andtesting machine and control systems. Students pro-pose and design experiments, obtain data, completeengineering analysis and write a major report.Prerequisite: requires a grade of C– or better in MAE 171A.
 MAE 175A. Aerospace Engineering Laboratory I (4) Analysis of aerospace engineering systems usingexperimental facilities in undergraduate laboratories:wind tunnel, water channel, vibration table, and testingmachine. Students operate facilities, obtain data, com-plete engineering analysis and write major reports.Prerequisites: senior standing in engineering major andgrade of C– or better in MAE 101C or CENG 103C or CENG101C; MAE 141A or MAE 143B, MAE 170.
 MAE 175B. Aerospace Engineering Laboratory II (4) Design and analysis of original experiments in aero-space engineering. Students research projects usingexperimental facilities in undergraduate laboratories:wind tunnel, water channel, vibration table, testingmachine and control systems. Students propose anddesign experiments, obtain data, complete engineer-ing analysis and write a major report. Prerequisite:requires a grade of C– or better in MAE 175A.
 MAE 180A. Space Science and Engineering I (4)Introduction to space science. Earth, planetaryatmospheres, especially upper atmospheres. Magneto-spheres, energetic particles. Electro-magnetic spec-trum. Atmospheric attenuation, windows. Detectionmethods, instruments. Imaging systems, image process-ing. Observations from space. Newtonian mechanics ofbound orbits. Science on manned, unmanned missions.Prerequisite: upper-division standing in physics, chemistry,or engineering department.
 MAE 180B. Space Science and Engineering II (4)Introduction to space engineering. Kinematics of rock-ets. Types of rocket engines. Relation of engine per-formance and rocket characteristics to missionphases—takeoff, on-orbit maneuvers, reentry, andlanding. Space structures and materials, with emphasison new developments. Fabrication of structures frommaterials obtained in space. Communication systems:design characteristics, requirements, performance.Robotics and control. Tethers. Astrodynamics. Prere-quisite: upper-division standing in physics, chemistry orengineering department.
 MAE 191. Topics in Engineering Science (4)Course to be given at the discretion of the faculty inwhich topics of current interest in engineering will bepresented by visiting or resident faculty members.Prerequisite: consent of instructor.
 MAE 195. Teaching (2-4) Teaching and tutorial assistance in an MAE courseunder supervision of instructor. Not more than fourunits may be used to satisfy graduation requirements.P/NP grades only. Prerequisites: junior status and a Baverage in major and consent of department chair.
 MAE 197. Engineering Internship (1-4) Coordinated through UCSD Academic InternshipProgram, this course provides work experiencethrough industry, government offices, hospitals andtheir practices. Students will work in local industry orhospital under faculty supervision. Units may not beapplied toward major graduation requirements. Intern-
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 ship is unsalaried. Prerequisites: completion of ninetyunits with 2.5 GPA and consent of faculty adviser.
 MAE 198. Directed Group Study (1-4) Directed group study on a topic or in a field notincluded in the regular department curriculum, by spe-cial arrangement with a faculty member. May be takenP/NP only. Prerequisite: consent of instructor.
 MAE 199. Independent Study for Undergraduates (4) Independent reading or research on a problem byspecial arrangement with a faculty member. P/NPgrades only. Prerequisite: consent of instructor.
 GRADUATE COURSES
 205. Graduate Seminar (1) Each graduate student in MAE is expected to attend oneseminar per quarter, of his or her choice, dealing withcurrent topics in fluid mechanics, solid mechanics,applied plasma physics and fusion, chemical engineer-ing, applied ocean sciences, energy and combustion,environmental engineering, or materials science, anddynamics and controls.Topics will vary. (S/U grades only)
 207. Topics in Engineering Science (4) A course to be given at the discretion of the faculty inwhich topics of current interest in engineering will bepresented. Prerequisite: consent of instructor.
 209. Continuum Mechanics Applied to Medicine/Biology (4) (Cross-listed with BENG 209.) Introduction to the basicdefinitions of continuum mechanics and their mathe-matical formulation at the graduate level with applica-tions to problems in medicine and biology. This courseis intended for students with little or no background inmechanics; it is an introduction to the Biomechanicscourses BENG 250 A-B in the Department of Bioengi-neering and to Solid and Fluid Mechanics courses MAE210A and MAE 231A in the Department of Mechanicaland Aerospace Engineering.This course should NOT betaken concurrently with MAE 210 or MAE 231A.Prerequisite: consent of instructor.
 210A. Fluid Mechanics I (4) (Cross-listed with CENG 210A.) Basic conservationlaws. Flow kinematics. The Navier-Stokes equationsand some of its exact solutions. Non-dimensionalparameters and different flow regimes, vorticitydynamics. Prerequisites: MAE 101A-B and MAE 110A, orconsent of instructor.
 210B. Fluid Mechanics II (4) Potential flows, boundary layers, low-Reynolds num-ber flows. Prerequisites: MAE 210A, MAE 101A-B, andMAE 110A, or consent of instructor.
 210C. Fluid Mechanics III (4) Flow instabilities, linear stability theory; introductionto turbulent flows. Prerequisites: MAE 210A-B, MAE101A-B, and MAE 110A, or consent of instructor.
 211. Introduction to Combustion (4) Fundamental aspects of flows of reactive gases, withemphasis on processes of combustion, including therelevant thermodynamics, chemical kinetics, fluidmechanics, and transport processes. Topics mayinclude deflagrations, detonations, diffusion flames,ignition, extinction, and propellant combustion.Prerequisites: MAE 101A-B-C or CENG 103A-B-C, MAE110A, or consent of instructor.
 212. Introductory Compressible Flow (4) Equations of motion for compressible fluids; one-dimensional gas dynamics and wave motion, waves insupersonic flow, including oblique shock waves; flowin ducts, nozzles, and wind tunnels; methods of char-acteristics. Prerequisites: MAE 101A-B-C or CENG 103A-B-C, MAE 110A, or consent of instructor.
 213. Mechanics of Propulsion (4) Fluid mechanics, thermodynamics and combustionprocesses involved in propulsion of aircraft and rocketsby air breathing engines, and solid and liquid propel-lant rocket engines characteristics and matching ofengine components; diffusers, compressors, combus-tors, turbines, pumps, nozzles. Prerequisites: MAE 101A-B-C, MAE 110A, or consent of instructor.
 214A. Introduction to Turbulence and Turbulent Mixing (4)Basic features of turbulent flows. Analytical descrip-tion of turbulence: random variables, correlations,spectra, Reynolds-averaging, coherent structures.Length and time scales. Kolomogorov similarity the-ory. Turbulence transport equations. Free shear flows.Homogeneous turbulence. Wall-bounded flows.Mixing of velocity and scalar fields. Prerequisites: MAE210A, MAE 101A,B or equivalent or consent of instructor.
 214B. Ocean Turbulence and Mixing (4)(Cross-listed with SIO 213.) Mixing mechanisms, theiridentification, description and modeling. Introductionto turbulence, semi-empirical theories, importance ofcoherent structures, effects of stratification and rota-tion on turbulent structure, entrainment and mixing.S/U grades permitted.
 215. Hydrodynamic Stability (4) Kelvin-Helmholtz instability of shear layers, the Orr-Sommerfeld equation and its solution for inviscid andviscous flows. Taylor instability of circular Couetteflows; finite amplitude stability; chaos; transition toturbulence. Prerequisite: MAE 210A-C or equivalent.
 217. Introduction to Plasma Equilibria, Waves,and Instabilities (4) Plasma kinetic theory.Two fluid and MHD descriptionsof plasmas. Plasma equilibrium configurations andmacroscopic stability.Waves in plasmas, collisional andlandau damping. Microscopic plasma instabilities.Amomalous cross field plasma transport. Nonlinearwave processes; parametric instabilities, self focusing,solitons. Prerequisite: none
 218A. Physics of Gas Discharge Plasmas and Appplications (4) Charged particle motion in electro-magnetic field.Atomic processes in plasmas.Electric breakdown of thegases, plasma quasineutrality, weakly ionized plasmaparticle and energy fluxes, sheath. Electron kinetics, DCand RF driven discharges, plasma instabilities. Etching,deposition, implantation, and surface modification.Prerequisite: Physics 100 (B-C) or ECE 107 or equivalent.
 220A. Physics of Gases (4) Thermodynamics of gases for use in gasdynamics.Derivation of thermodynamic functions from statisti-cal mechanics. Applications of classical and quantumstatistical mechanics to chemical, thermal, and radia-tive properties of gases. Equilibrium and nonequilib-rium radiation, chemical equilibrium, and elements ofchemical kinetics. Laser and reacting-flow applica-tions. Prerequisite: MAE 110A or consent of instructor.
 220B. Physical Gasdynamics (4) Velocity distribution functions,the Boltzmann equation,moment equations and the Navier-Stokes equations.The dynamics of molecular collisions. The Chapman-Enskog expansion and transport coefficients: shear andbulk viscosity, heat conduction, molecular and thermaldiffusion. Linearizations about equilibrium: applicationsto acoustics and supersonic flows with relaxation.Prerequisite: MAE 101A-B-C or CENG 103A-B-C or CENG101A-B-C, MAE 220A, or consent of instructor.
 221A. Heat Transfer (4) (Cross-listed with CENG 221A.) Conduction, convec-tion, and radiation heat transfer. Development ofenergy conservation equations. Analytical and numeri-cal solutions to transport problems. Specific topics andapplications vary. Prerequisite: MAE 101A-B-C or CENG103A-B-C or CENG 101A-B-C, or consent of instructor.
 221B. Mass Transfer (4) (Cross-listed with CENG 221B.) Fundamentals of diffu-sive and convective mass transfer and mass transferwith chemical reaction. Development of mass conser-vation equations. Analytical and numerical solutions tomass transport problems. Specific topics and applica-tions will vary. Prerequisite: MAE 101A-B-C or CENG 103A-B-C or CENG 101A-B-C, or consent of instructor.
 222A-B-C. Advanced Fluid Mechanics (4-4-4) Contemporary problems in broad areas of fluidmechanics, e.g., turbulent flows, hydrodynamic stabil-ity, geophysical fluid dynamics, transport phenomena,acoustics, boundary layers, etc. (Not necessarily taughtas a sequence nor offered every quarter.) Prerequisite:MAE 210A-B-C or consent of instructor.
 223. Computational Fluid Dynamics (4) Numerical methods in fluid dynamics and convectivetransport processes. Numerical solution of the Eulerand Navier-Stokes equation. Additional topics will varyaccording to instructor. Examples include eigenvalueproblems in hydrodynamic stability, vortex methods,spectral and panel methods. Prerequisite: MAE 210A,290A-B or equivalent, MAE 107, or consent of instructor.
 224. Environmental Fluid Dynamics (4) (Cross-listed with SIO 214B.) Single-layer flows with afree surface,two layer flows including exchange flows inharbors, estuaries, seas, and buildings. Continuouslystratified flows with meteorological and oceanographicapplications.Topographic effects, plumes, jets, and ther-mals. Planetary boundary layers. Prerequisites: introduc-tory level graduate course in fluid mechanics.
 227A. Fundamentals of Fusion Plasma Physics (4) Magnetic and inertial confinement fusion concepts.Magnetic equilibrium configurations and limitations.Classical and anomalous transport of magneticallyconfined plasmas. Plasma-wall interactions. Rayleigh-Taylor and Richter-Meshkov instabilities. Direct andindirect drive, laser and particle beams. Emerging andalternative concepts. Prerequisite: none
 227B. Fundamentals of Modern Plasma Physics (4) Fusion plasma turbulence, magnetic reconnection,strong electromagnetic wave/plasma I interactions,numerical simulations of nonlinear plasma phenom-ena, issues of plasma astrophysics and space plasmas,plasma based propulsion, plasma boundary layers infusion devices, plasma chemistry. Prerequisite: MAE227A or consent of instructor
 229A. Mechanical Properties (4) (Cross-listed with MATS 211A.) Review of basic con-cepts in mechanics of deformation: elasticity, plasticity,
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 viscoelasticity and creep; effects of temperature andstrain-rate on inelastic flow; microstructure andmechanical properties; application of basic conceptsto selected advanced materials. Prerequisite: consent of instructor.
 229B. Advanced Mechanical Behavior (4) (Cross-listed with MATS 211B.) Rate mechanisms incrystaline solids, kinetics and dynamics of plastic flowby slip at low and high strain rates. Mechanisms ofinelasticity in non-metals, metals, and polymeric mate-rials. Mechanisms of failure and effects of strain rates.Prerequisite: MAE 229A or consent of instructor.
 231A. Foundations of Solid Mechanics (4) Specification of stress and strain; infinitesimal andfinite deformation; conservation equations; typicalconstitutive equations; minimum potential energyprinciple. Prerequisite: MAE 131B or consent of instructor.
 231B. Elasticity (4) Basic field equations. Typical boundary value prob-lems of classical linear elasticity. Problems of planestress and plane strain. Variational principles. Prere-quisite: MAE 231A or consent of instructor.
 231C. Anelasticity (4) Mechanical models of viscoelastic, plastic, and vis-coplastic behavior in simple shear or uniaxial stress.Constitutive relations for three-dimensional states ofstress and strain. Application to selected technologicalproblems.Prerequisite: MAE 231B or consent of instructor.
 232A. Finite Element Methods in Solid Mechanics I (4) Finite element methods for linear problems in solidmechanics. Emphasis on the principle of virtual work,finite element stiffness matrices, various finite elementformulations and their accuracy and the numericalimplementation required to solve problems in smallstrain, isotropic elasticity in solid mechanics. Prere-quisite: graduate standing.
 232B. Finite Element Methods in Solid Mechanics II (4) Finite element methods for linear problems in struc-tural dynamics. Beam, plate, and doubly curved shellelements are derived. Strategies for eliminating shearlocking problems are introducted. Formulation andnumerical solution of the equations of motion forstructural dynamics are introduced and the effect ofdifferent mass matrix formulations on the solutionaccuracy is explored. Prerequisites: graduate standingand MAE 230 or MAE 232A.
 233B. Micromechanics (4) General theory of transformation strains and corre-sponding elastic fields; Green’s functions and othersolution methods; dislocations; inclusions and inhomo-geneities; micromechanics of plastic flow, microcrack-ing, cavitation, and damage in crystalline and othersolids. Prerequisite: MAE 231A-B-C or consent of instructor.
 233C. Advanced Mechanics of Composite Materials (4) Three-dimensional anisotropic constitutive theories,anisotropic fracture mechanics, composite microme-chanics, edge effects and interlaminar shear stresses,impact damage and energy absorbing mechanisms,and surface wave. Prerequiste: MAE 131A-B-C, 231A-B orconsent of instructor.
 236. Structural Stability (4) Static, dynamic, and energy-based techniques andpredicting elastic stability. Linear and nonlinear analy-sis of classical and shear deformable beams andplates. Ritz, Galerkin, and finite element approaches for
 frames and reinforced shells. Nonconservative aerody-namic (divergence flutter) and follower forces. Prere-quisite: MAE 131B or consent of instructor.
 237. Structural Dynamics (4) Matrix analysis of the free and forced vibrations of dis-crete linear systems; response to periodic and tran-sient excitations. Frequency response and generalizednormal mode methods. Dynamics of continuous sys-tems. Prerequisite: MAE 231A-B or consent of instructor.
 238. Stress Waves in Solids (4) Linear wave propagation; plane waves; reflection andrefraction; dispersion induced by geometry and bymaterial properties. Application of integral transformmethods. Selected topics in nonlinear elastic, anelastic,and anisotropic wave propagation. Prerequisite: MAE231A-B-C or consent of instructor.
 241. Advances in Control Applications (4)Study of problems of control design, identification, andoptimization for flexible and smart structures,fluid flows,propulsion, power generation, vehicle dynamics (aero-space, ocean, and automotive), magnetic recording,semiconductor manufacturing,biological systems,robotmanipulations, and other applications. Prerequisites:MAE 141A or equivalent.
 243. Advances in Two-Phase Flow (4)Modern developments in understanding of two-phase flows will be reviewed. New experimental methods and new theoretical concepts will be cov-ered, as will potential future practical applications.Prerequisites: MAE 210A-B-C.
 244. Advanced Simulation and Modeling of TurbulentFlows (4)Progress in the area of simulation and modeling of tur-bulent flows will be reviewed. Methods to be coveredinclude: direct simulations, large-eddy simulation, andReynolds averaged turbulence models. Prerequisites:MAE 210ABC; MAE 214; MAE 290AB.
 245. Advances in Combustion Theory (4)Asymptotic analyses of flame structure. Combustion intwo phase flows. Turbulent combustion. Prerequisites:MAE 210AB; MAE 211; MAE 213.
 246. Advances in Engine Combustion (4)Mathematical models of combustion in diesel enginesand spark-ignition engines. Mechanisms of soot for-mation. Prerequisites: MAE 210AB; MAE 211; MAE 213.
 247. Advances in Experimental and TheoreticalMechanics of Materials (4)The focus will be on coordinated experimental evalua-tion and theoretical modeling of thermal mechanicalproperties of a broad class of materials. Using state-of-the-art techniques, students will gain hands-on expe-rience with modern experimental tools in the area of mechanics and materials. Prerequisites: consent ofthe instructor.
 248. Advances in Magnetic Recording (4)This course will address recent advances in mechanics,tribology, and materials problems of magnetic record-ing technology. Of special interest will be the treat-ment of the head/disk and head/tape interface, thenumerical schemes used to model the head/mediuminterface and advanced tribological phenomenaneeded to understand this fast developing and chang-ing technology. Additional (guest) lecturers on mag-netic recording theory and signal processing will bepart of the class. Prerequisite: none.
 249. Advances in Materials Computations (4)This course will cover nonlinear finite element meth-ods in large deformations and nonlinear materials.Particular emphasis will be placed on material modelsthat are appropriate for high strain rates, high pres-sures, and phase transformations. Prerequisites: MAE231A, 232A.
 250. Fatigue, Fracture, and Failure Analysis inEngineering Materials (4)(Cross-listed with MATS 218.) This course will cover theengineering and scientific aspects of fatigue crack ini-tiation, stable crack growth, fatigue life predictions,selection of materials for fatigue applications, fractog-raphy, and failure analysis, including case studies.Prequisite: MAE 160 or consent of instructor.
 251. Structure and Analysis of Solids (4)(Cross-listed with MATS 227 and Chem. 222.) Key con-cepts in the atomic structure and bonding of solidssuch as metals, ceramics, and semiconductors.Symmetry operations, point groups, lattice types,space groups, simple and complex inorganic com-pounds, structure/property comparisons, structuredetermination with x-ray diffraction. Ionic, covalent,metallic bonding compared with physical properties.Atomic and molecular orgitals, bands vs. bonds, freeelectron theory. Prerequisite: consent of instructor.
 252AB. Processing and Synthesis of Advanced Materials (4)(Cross-listed with MATS 233A-B.) Introduction to vari-ous materials processing techniques used in fabricat-ing dense bodies with optimal structure andproperties. Solidification processing, chemical synthe-sis of ceramics, theory of densification, composite fab-rication, superconductor synthesis, electronic andoptical materials processing, and techniques to gener-ate amorphons solids. Prerequisite: consent of instructor.
 253. Ceramic and Glass Materials (4)(Cross-listed with MATS 236.) Powder synthesis, pow-der compaction and densification via different pro-cessing routes. Phase equilibria and crystallography inceramic materials. Sintering, liquid and vapor phaseprocessing, and single crystal growth. Control of themicrostructural development and interfacial proper-ties optimize properties for structural, thermal, electri-cal, or magnetic use. Topics in processing and use ofadvanced ceramic materials. Glass formation and struc-ture, phase separation, viscous flow and relaxation.Prerequisite: consent of instructor.
 256. Rheology of Fluids (4) Continuum mechanics of fluids; definition of materialfunctions for viscous and viscoelastic liquids; princi-ples of rheological measurement; relationship tomolecular structure. Prerequisite: consent of instructor.
 261. Sensors and Measurements (4) Manufacturing sensors and measurement systems,measurement techniques, modern metrology, statisti-cal methods, and experiment design. Prerequisite: con-sent of instructor.
 265. Structure and Properties of Electronic, Magnetic,and Photomic Materials (4)(Cross-listed with MATS 251.) Explores the interplaybetween the electronic, magnetic and photonic prop-erties of advanced engineering materials in relation toprocessing, fabrication, and microstructure. Semicon-ductors, metals, alloys, ceramics, polymers, and com-posite materials will be studies along with theirpractical applications. Prerequisite: consent of instructor.
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 266. Biomaterials (4)(Cross-listed with MATS 252.) This class will cover bio-materials and biomimetic materials. Metal, ceramic,and polymer biomaterials will be discussed. Emphasiswill be on the structure-property relationships, bio-compatibility/degradation issues and tissue/materialinteractions. Synthesis and mechanical testing of bio-mimetic materials will also be discussed. Prerequisite:consent of instructor.
 267. Nanomaterials and Properties (4)(Cross-listed with MATS 253.) This course discussessynthesis techniques, processing, microstructural con-trol and unique physical properties of materials innano-dimensions. Topics include nanowires, quantumdots, thin films, electrical transport, electron emissionproperties, optical behavior, mechanical behavior, andtechnical applications of nanomaterials. Prerequisite:consent of instructor.
 268. MEMS Materials, Fabrication, and Applications (4)(Cross-listed with MATS 254.) Fabrication of Micro-Electro Mechanical Systems (MEMS) by bulk and sur-face micromachining of single crystal, polycrystal andamorphous silicon and other materials. Performanceissues including electrostatic, magnetic, piezoelectricactuations, residual stresses, deformation. Noveldevice applications, future trends in smart materialsand nano-electro-mechanical (NEMS) systems.Prerequisite: consent of instructor.
 269. Presentations, Inventions and Patents (4)(Cross-listed with MATS 255.) This course coversmethodology and skills for oral and written presenta-tions. Topics include preparation of presentationmaterials, presentation exercise, publication manu-scripts, research work proposals, understanding andsecuring of inventions and intellectual properties,patent applications and licensing. Prerequisite: consentof instructor.
 270. Mechanics of Powder Processing (4) Powder packing structures. Methods of powder manufacturing, rapid prototyping. Fundamentals ofthe continuum mechanics of powder deformation,densification in non-uniform temperature fields.Micro-mechanical models of cold powder yielding.Hot consolidation fundamentals, micromechanicalmodels of plastic yielding, power-law creep, diffu-sion. Prerequisite: MAE 231A-C, 233B, or consent ofinstructor.
 271A. Thermodynamics of Solids (4) (Cross-listed with MATS 201A and ECE 238A.) The ther-modynamics and statistical mechanics of solids. Basicconcepts, equilibrium properties of alloy systems, ther-modynamic information from phase diagrams, sur-faces and interfaces, crystalline defects. Prerequisite:consent of instructor.
 271B. Solid State Diffusion and Reaction Kinetics (4) (Cross-listed with MATS 201B and ECE 238B.) Thermallyactivated processes, Boltzmann factor, homogenousand heterogenous reactions, solid state diffusion,Fick's laws, diffusion mechanisms, Kirkendall effect,Boltzmann-Matano analysis, high diffusivity paths.Prerequisite: consent of instructor.
 271C. Phase Transformations (4)(Cross-listed with MATS 201C and ECE 238C.) Classifi-cation of phase transformations; displacive and recon-structive transformations; classical and non-classicaltheories of nucleation; Becker-Doering, Volmer-Weber,lattice instabilities, spinodal decomposition. Growththeories; interface migration, stress effects, terrace-
 ledge mechanisms, epitaxial growth, kinetics andmechanics. Precipitation. Order-disorder transforma-tions. Solidification. Amorphization. Prerequisites: con-sent of instructor.
 272. Imperfections in Solids (4) (Cross-listed with MATS 205A and ECE 234A.) Point,line, and planar defects in crystalline solids, includingvacancies, self interstitials, solute atoms, dislocations,stacking faults, and grain boundaries; effects of imper-fections on mechanical properties; interactions of dis-locations with point defects; strain hardening bymicro-obstacles, precipitation, and alloying elements.Prerequisite: MAE 141A or consent of instructor.
 273A. Dynamic Behavior of Materials (4) (Cross-listed with MATS 213A.) Elastic waves in contin-uum; longitudinal and shear waves. Surface waves.Plastic waves; shock waves, Rankine-Hugoniot rela-tions. Method of characteristics, differential and differ-ence form of conservation equations; dynamicplasticity and dynamic fracture. Shock wave reflectionand interaction. Prerequisite: consent of instructor.
 280A. Linear Systems Theory (4) Linear algebra: inner products, outer products, vectornorms, matrix norms, least squares problems, Jordanforms, coordinate transformations, positive definitematrices, etc. Properties of linear dynamic systemsdescribed by ODEs: observability, controllability,detectability, stabilizability, trackability, optimality.Control systems design: state estimation, pole assign-ment, linear quadratic control. Prerequisite: MAE 141Aor 143B, or consent of instructor.
 280B. Linear Control Design (4) Parametrization of all stabilizing output feedback con-trollers, covariance controllers, H-infinity controllers,and L-2 to L-infinity controllers. Continuous and dis-crete-time treatment. Alternating projection algo-rithms for solving output feedback problems. Modelreduction. All control design problems reduced to one critical theorem in linear algebra. Prerequisite:MAE 280A.
 281A. Nonlinear Systems (4) Existence and uniqueness of solutions of EDE’s, sensi-tivity equations. Stability, direct and converseLyapunov theorems, LaSalle’s theorem, linearization,invariance theorems. Center manifold theorem.Stability of perturbed systems with vanishing andnon-vanishing perturbations, input-to-state ability,comparison method. Input-output stability. Pertur-bation theory and averaging. Singular perturbations.Circle and Popov criteria. Prerequisite: MAE 280A.
 281B. Nonlinear Control (4) Small gain theorem, passivity. Describing functions.Nonlinear controllability, feedback linearization, input-state and input-output linearization, zero dynamics.Stabilization, Brockett’s necessary conditions (local),control Lyapunov functions, Sontag’s formula (global).Integrator back stepping, forwarding. Inverse optimal-ity, stability margins. Disturbance attenuation, deter-ministic and stochastic, nonlinear H-infinity. Nonlinearobservers. Prerequisite: MAE 281A.
 282. Adaptive Control (4)Parametric models. Parameter identifiers and algo-rithms, Spr-Lyapunov, gradient, least-squares, persist-ence of excitation, adaptive observers. Modelreference adaptive control, certainity equivalence.Pole placement, polynomial, LQR, indirect. Robusti-fication, parameter drift, leakage, projection, deadzone, dynamic normalization. Adaptive nonlinear con-
 trol, tuning functions, modular design. Extremumseeking. Prerequisites: MAE 281A or consent of instructor.
 283A. Parametric Identification: Theory and Methods (4) Constructing dynamical models from experimentaldata. Deterministic and stochastic discrete time sig-nals. Discrete time systems. Non-parametric identifica-tion: correlation and spectral analysis. Parametricidentification: realization and prediction error meth-ods, least squares estimation, approximate modeling.Experiment design. Frequency domain identification.Prerequisite: MAE 141B or MAE 143C recommended.
 283B. Approximate Identification and Control (4) Identification for control: approximate identification,estimation of models via closed-loop experiments.Closed-loop identification techniques. Estimation ofmodel uncertainty. Model invalidation techniques.Iterative techniques for model estimation and controldesign. Prerequisite: MAE 283A.
 284. Robust and Multi-Variable Control (4) Multivariable feedback systems: transfer functionmatrices, Smith-McMillan form, poles, zeros, principalgains, operator norms, limits on performance. Modeluncertainties, stability and performance robustness.Design of robust controllers, H_inf and mu synthesis.Controller reduction. Prerequisite: MAE 141B or MAE143C, or MAE 280A.
 285. Optimal Control and Estimation (4) Functional optimization, Bellman’s principle of opti-mality, optimal control and the Pontriagin maximalprinciple, matrix maximum principle, two-pointboundary value problems, Hamilton’s principle indynamics, quadratic costs and linear systems, LQG andoptimal estimation, Stochastic processes, case studies.Prerequisite: MAE 280A
 286. Optimization and Control of Fluid-MechanicalSystems (4) Model-based control approaches for systems gov-erned by the Navier-Stokes equation are presented.Topics discussed include: transition delay, stabilizationof convection, turbulence mitigation and enhance-ment, noise reduction, weather forecasting, and aero-dynamic shape optimization. A general mathematicalframework is developed and discussed for robust con-trol in such systems. Techniques for determination ofeffective control approaches by large-scale simulationare discussed. Gradient-based techniques andreduced-storage inverse-Hessein techniques (BFGS,DFP, SQP) are presented. A class project is required.Prerequisite: consent of instructor.
 287. Control of Distributed Parameter Systems (4) Strongly continuous semigroups, infinitesimal genera-tors, unbounded closed linear operators, Hille-Yosidatheorem, Riesz-spectral operators. Existence anduniqueness of solutions of abstract evolution equa-tions, pertubation and composite systems. Boundarycontrol systems. Controllability, exact and approxi-mate, Hilbert uniqueness method, fixed point method.Input-output maps, transfer functions. Exponentialstability, stabilizability, Lyapunov equation. Control-lability via stabiliability. Compensator design. Prere-quisite: MAE 280A or consent of instructor.
 290A. Numerical Methods in Science and Engineering (4) A general introductory course to numerical methods.Introduction to linear calculus, solution of systems oflinear and nonlinear algebraic equations, the algebraiceigenvalue problem, polynomial and trigonometric
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 function interpolation, function differentiation andintegration, function approximation. Prerequisite: MAE107 or consent of instructor.
 290B. Numerical Methods for Differential Equations (4) Numerical solution of differential equations in mathe-matical physics and engineering, ordinary and partialdifferential equations. Linear and nonlinear hyperbolicparabolic, and elliptic equations, with emphasis onprototypical cases, the convection-diffusion equation,Laplace’s and Poisson equation. Finite differencemethods will be considered in depth, and additionaltopics. Prerequisite: MAE 290A or consent of instructor.
 291. Design and Mechanics in Computer Technology (4) Design and mechanics problems inherent in com-puter peripherals such as disk files, tape drives, andprinters. Formulation and solution of problems involv-ing mechanics, fluid mechanics, and materials;Reynolds equation, slider bearings; friction and wear;actuator design, impact printing; silicon fluid jets.Prerequisite: consent of instructor.
 292. Computer-Aided Design and Analysis (4) Introduction to 2-D and 3-D computer-aided design.Design problems may include: ball bearing kinematics,Weibull statistics, non-repeatable spindle run-out, fourbar linkages, beam deflection and vibration, design of magnetic head suspension, hydrodynamic theoryof lubrication, air bearings, heat transfer, optical servo,design of ink jet print head. Prerequisite: consent of instructor.
 293. Advanced Computer Graphics for Engineers andScientists (4) Advanced topics used to enhance scientific and engi-neering visualization. C programming assignments andthe use of advanced graphics software. Continuation oftopics from MAE 152, including color, computationalgeometry, 3-D contouring, volume visualization, andhardware architectures. Prerequisite: MAE 152 or consentof instructor.
 294A. Methods in Applied Mechanics I (4) Linear algebra and linear spaces. Applications to lineartransformations and equations, tensor analysis, linearprogramming and network analysis. Linear ordinarydifferential equations and difference equations, inte-
 gral and discrete transforms, and spectral theory.Applications to linear stability, stochastic processesand numerical methods. Prerequisite: Math. 110,Math.120A ,or consent of instructor.
 294B. Methods in Applied Mechanics II (4) Nonlinear ordinary differential and difference equa-tions, applications to dynamical systems, stability,bifurcation and chaos. Regular and singular perturba-tions, asymptotic expansions and multiscale analyses.Applications to the dynamics of mechanical, chemicaland biological systems. Prerequisite: MAE 294A or con-sent of instructor.
 294C. Methods in Applied Mechanics III (4)Partial differential equations and boundary-valueproblems, classification of PDE’s and transform meth-ods. Green’s functions and spectral theory. Non- linearPDE’s, variational methods and the methods of charac-teristics. Non- linear waves and shocks. Asymptoticmethods: WKB and stationary phase. Galerkin meth-ods and numerical analysis of PDE’s. Applications tocontinuum mechanics and transport phenomena.Prerequisite: MAE 294B or consent of instructor.
 296. Independent Study (4) Independent reading or research on a problem asarranged by a designated faculty member. Must betaken for a letter grade only. Prerequisite: consent of instructor.
 298. Directed Group Study (1-4) Directed group study on a topic or in a field notincluded in regular department curriculum, by specialarrangement with a faculty member. Prerequisite: con-sent of instructor. (S/U grades permitted.)
 299. Graduate Research (1-12) (S/U grades only.)
 501. Teaching Experience (2) Teaching experience in an appropriate MAE under-graduate course under direction of the faculty mem-ber in charge of the course. Lecturing one hour perweek in either a problem-solving section or regularlecture. (S/U grade only.) Prerequisites: consent ofinstructor and the MAE department.
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