College of Engineering

MSE Materials Science and Engineering

MSE 101 MATERIALS ENGINEERING. Q)
An introduction to the materials engineering profession. Professional growth, conduct, ethics and organizations. Introduction to the
techniquesof material sengineering.

MSE 201 MATERIALS SCIENCE. 3)
Microscopicand macroscopi c structureasrel ated to the properti esof material swith engineering applications. Prereqor concur: MA 114
and freshman chemistry.

MSE 202 MATERIALS SCIENCE LABORATORY. Q)
To teach students the basic materials characterization laboratory techniques and demonstrate the difference in properties between
different typesof materials. Prereq: Concurrent enrollmentin M SE 201.

MSE 301 MATERIALS SCIENCE II. 3
Introduction to processing of ceramic, polymer and composite materials, relating the structure and bonding in these materialsto their
properties; considerationsin choosing appropriate material sfor engineering applications. Prereq: M SE 201, or consent of instructor.

MSE 351 MATERIALS THERMODYNAMICS. 3)
Solution thermodynamics; partial molal quantities; ideal and non-ideal solutions; application of thermodynamicsto phase equilibria;
heterogeneous equilibria; free energy-composition rel ationships; temperature-pressure relationships. Prereq: MSE 201, MA 213 or
concurrent.

MSE 395 INDEPENDENT WORK IN MATERIALS ENGINEERING. (1-3)
Researchfor undergraduatedepartmental students. May berepeated toamaximum of 12 credits. Prereq: Department major and approval
of chairperson.

MSE 401G METAL AND ALLOYS. 3)
Crystal structures, phase diagrams, diffusion, nucleation and growth, deformation, recovery, recrystallization and grain growth are
discussed to understand the structure-property relations in metals and aloys. Prereq: MSE 201, 301 and Engineering Standing.

MSE 402G ELECTRONIC MATERIALS AND PROCESSING. ?3)
Thiscoursewill examineel ectron behavior inavariety of materialsand the processing methods used for integrated device production.
Additional topicswill includethinfilmgrowth, diffusion, oxidation, electronicdeviceprincipals, defect control, and asurvey of current
challengestothe semiconductor industry. Prereq: M SE 201, M SE 301 or rel ated engineering/science senior/graduatel evel courseswith
instructor permission.

MSE 403G CERAMIC ENGINEERING AND PROCESSING. 3)
Microstructureof crystalline ceramicsand glasses, and role of thermodynamicsand kineticsin itsformation. Effect of microstructure
on mechanical and physical properties. Prereq: M SE 201, M SE 301 or consent of instructor, Engineering standing.

MSE 404G POLYMERIC MATERIALS. 3)
Synthesis, structure, and processing of polymers, useful geometric forms, mechanical and thermal properties, crystallinity, polymer
blends, eval uation of polymersfor specificapplications (aerospace, automotive, biomedical), |aboratory activitiesfor each of theabove.
Prereq: Engineering standing. CHE 230 or CHE 236. M SE 301 or consent of instructor. (Same as CM E 404G.)

MSE 407 MATERIALS LABORATORY I. 3
Variouslaboratory experimentsthat demonstrate behavior of polymers, metal's, ceramics, and el ectronic materials. Includesinstruction
and practicein use of numerousinstruments and equipment, typical of the materials engineering discipline. Datareduction, anaysis,
andinterpretationiscovered, aswell ascorrect writing of reports. Prereq: M SE 202, M SE 301, M SE 351, Engineering standing. Thiscourse
isaGraduation Composition and Communication Requirement (GCCR) coursein certainprograms, and henceisnot likely tobeeligible
for automatic transfer credit to UK.

MSE 408 MATERIALS LABORATORY II. 3
Variouslaboratory experimentsthatillustratecrystal structure, behavior of multi-component systems, andfailuremodes. Provideshands-
onexperiencewith somemoreadvanced characterization methodsof polymers, metal's, and ceramics. Includesdatareduction, analysis,
and interpretation, aswell ascorrect writing of reports. Prereq: M SE 407.
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MSE 436 MATERIAL FAILURE ANALYSIS. 3
A review of common engineering materials, their potential failuremechanismsand corresponding technol ogy devel opedtoavoidthese
failures. Thiscourseillustrates applications of current technology to practical industrial problemsand isdesigned for engineersof al
disciplines. Prereq: M SE 201 and EM 302 and Engineering standing.

#MSE 470 APPLICATION OF MATERIALS ENGINEERING TO DESIGN PROBLEMS. Q)
Anintroductionto aspectsof designin material sscienceand engineering. Thiscourseenabl esstudentsto begin planning and performing
preliminary work towardtheir projectsthat will formthebasi sof the capstonemateri al sengi neering desi gn experienceinthesubseguent
Spring semester. StudentsplanningtotakeM SE 480inthefollowing Spring semester areencouragedtoenroll. Prereq: MSE401G; senior
standingintheMaterial sEngineering (M SE) program.

MSE 480 MATERIALS DESIGN. 3)
A capstoneengineering designexperienceinvolving analysis, with sometreatmentsof engineering economicsof real processes, design
of materials, fabrication problemsand techniques, and prediction of model material systems. Prereq: M SE 408.

MSE 506 MECHANICS OF COMPOSITE MATERIALS. 3)
A study of structural advantagesof compositematerial sover conventional materials, considering high strength-to-weight and stiffness-
to-weight ratios. Fiber reinforced, laminated and particul ate materials are analyzed. Response of composite structures to static and
dynamicloads, thermal and environmental effects, and failurecriteriaarestudied. Prereq: EM 302, engineering standing or consent of
instructor. (Same as EM/ME 506.)

MSE 531 POWDER METALLURGY. 3
Study of the principles of powder metallurgy relating to alloys of unusual compositions, metal and nonmetal combinations, porous
and laminated products, composite metals, and high-melting alloys. Prereq: Consent of instructor.

MSE 535 MECHANICAL PROPERTIES OF MATERIALS. (©)]
Introductory elasticity and plasticity theory; crystallographic nature of slip and twinning; fracture. Prereq: MSE 201, EM 302 and
engineering standing or consent of instructor.

MSE 538 METALS PROCESSING. 3)
Solidification of molten alloys; fundamental s of metal working; application of metal working theoriesto forging, rolling, extrusion,
drawingand sheet forming. Prereq: Engineering standing.

#MSE 552 AUTOMOTIVE PLASTICS. 3)
Overview of material sand processesfor theapplication of plasticsintheautomotiveindustry. Engineering propertiesof plastics, rheology
and governingrelationsfor melt processflows. Plasticinjection moldingincluding design, control, and simul ation of molding operations.
Plastic part designand material selection; material testingand quality control. Prereq: Engineering Standing, M SE 201 or enrolImentin
the Production Engineering Certificate. (SameasCME 552.)

MSE 554 CHEMICAL AND PHYSICAL PROCESSING OF POLYMER SYSTEMS. 3
Theory and practiceasrel ated to the chemical and physical processing of polymer systems. Polymer rheology, heat transfer in polymer
flows, polymer engineering properties. Polymer processing operationsand material ssel ection; flow instabilities. Prereq: CME 330, CME
4250r ME 325; or consent of instructor. Thiscourseisopenonly tograduatestudentsor undergraduateswith engineering standing. (Same
asCME/ME/MFS554.)

MSE 555 INTRODUCTION TO MICRO-/NANO-ELECTROMECHANICAL SYSTEMS. 3
Thiscourseprovidesanoverview of micromachined structureswith anemphasi son operational theory andfabricationtechnol ogy. Prereq;
Engineering standing or consent of instructor. (SameasEE/ME 555.)

MSE 556 INTRODUCTION TO COMPOSITE MATERIALS. 3
M oderncompositematerial sandtheir applications. Basi c conceptsand definitions. Fundamental propertiesof fibersand polymer resins.
Manufacturing methods. Analysisand design of laminated and chopped fiber reinforced composites. Micro- and macro-mechanical
analysisof elastic constants. Failuretheory of compositematerials. Computational design of composites. Prereq: Engineering Standing,
and EM 302 or withinstructor permission. (Sameas CME/ME/MFS556.)
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MSE 569 ELECTRONIC PACKAGING SYSTEMS AND MANUFACTURING PROCESSES. 3
Study of packaging systemswhichinterconnect, support, power, cool, protect, and mai ntain el ectroniccomponents. Thecoursewill address
systemsat the chip, board, and product levels. Topicsinclude design, properties, materials, manufacture, and performance of various
packaging systems. Laboratory will providefamiliarity with design software and production equipment and processes. Prereq: EE 211
or EE 305, EE 360 or M SE 402G, or consent of instructor. (Same as EE 569.)

MSE 570 FUNDAMENTALS OF NANOELECTRONIC DEVICES AND MATERIALS. 3
Energy bondsincrystals; heterostructures; quantumwellsandlow dimensional systems; thetwo-dimensional electrongasand MODFET;
transmissionin nanostructures; current topicsin nanoscal e devices. Prereq: EE 360 and engineering standing, or consent of instructor.
(Same as EE/ME 570.)

MSE 585 MATERIALS CHARACTERIZATION TECHNIQUES. 3)
Thiscoursewill present the fundamental s of x-ray and el ectron beaminteractionswith solid-state materials. Both elastic and inelastic
interactionswill betreated, with emphasison el astic diffraction effects. Prereq: M SE 301 and Engineering standing, or graduate status
or consent of instructor.

MSE 599 TOPICS IN MATERIALS SCIENCE AND ENGINEERING (Subtitle required). (2-4)
A detailedinvestigation of atopicof current significancein engineering and material ssciencesuch as: biomedical synthetics, electronic
propertiesof materials, advancesinmetal working, history of material stechnology, quantitativemetallography. Theory of disclinations,
scanning el ectron microscopy. May berepeated to amaximum of eight credits, but only four creditscan be earned under the sametitle.
A particular topic may be offered at most twice under the M SE 599 number. Prereq: Variable; given when topic identified.

PREREQUISITE FOR GRADUATE WORK: Studentsdesiringtotakeany of thefollowing coursesshould haveathoroughworking
knowledgeof chemistry, physicsand mathematics.

MSE 601 INTRODUCTION TO MATERIALS SCIENCE AND ENGINEERING. 3
Thepurposeof thiscourseisto provideageneral backgroundinthefield of material sscienceand engineeringfor graduatelevel students.
Fundamental topicsincludechemical bondinginmaterials, crystal structureand defects, diffusionand phasediagrams. Themechanical,
electrical and optical propertiesof material swill bediscussedinthecontext of processing history and application. |mportant conceptssuch
asani sotropic propertiesof material sand their tensor representationwill beintroduced. Thecoursecoversmajor material ssystems(metals,
ceramics, polymers, composites, and el ectronic materials) and offersexamples of materialsapplicationsin arange of technical areas.
Prereq: Graduate standing in chemical engineering or material s scienceand engineering, or consent of instructor.

MSE 607 ANALYSIS OF METAL CUTTING PROCESSES. 3
Advanced study of metal cuttinginvolvingthemechanicsof metal cuttingincluding cutting forces, tool-wear/tool-lifeand temperature
analysis, surfacefinishandintegrity, chip control, machinability assessmentsand advancesin cutting tool technology. Prereq: ME 505.
(Same as ME/MFS 607).

MSE 620 COMPUTATIONAL MATERIALS SCIENCE ENGINEERING. 3
Theeffectiveuse of existing computer softwarein theareaof material s scienceengineering. Use of computersto model processesand
examine and predict materials properties at the macroscopic and atomistic level. Prereq: Graduate standing in physical sciencesand
engineering, strong backgroundinmaterial propertiesand structuresimilar tothematerial coveredinM SE401G, M SE 403G, and M SE
404G, and some programming experiencein C or FORTRAN; or consent of instructor.

MSE 632 ADVANCED MATERIALS SCIENCE. 3
Classificationof solids, atomicstructureand bonding, rel ation of structureto properties, deformationbehavior andfailure. Prereq: Consent
of instructor.

MSE 635 ADVANCED MECHANICAL METALLURGY. 3)
Theory of dislocationsincrystalsandtheir rolein strength, plasticity, work hardening andfractureof crystallinesolids. Prereq: Consent
of instructor.
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MSE 636 DISLOCATION THEORY. 3
Fundamental sof elastic theory of dislocationsand thekinematicsof dislocation motion: straight dislocations, curved dislocation, self-
energies, interactionswith other crystal defects, dislocation multiplication. Prereg: M SE 535 0r EM 531 or equival ent.

MSE 650 ADVANCED MATERIALS THERMODYNAMICS. 3)
Study of reactionsof material swith chemical environments. Introductiontoirreversiblethermodynamics. Emphasisoncurrent literature.
Prereq: Consent of instructor.

MSE 663 OPTOELECTRONIC DEVICES. 3
Theory and applicationsof photodetectors, solar cells, semiconductor lasers, light emitting diodesand display devices, nanocrystalline
structuresand organic semiconductorsapplicationsin optoel ectronic devices. Prereq: EE 360 or M SE 402G, consent of instructor and/
or graduate standing. (Same as EE 663.)

MSE 664 MULTIDISCIPLINARY SENSORS LABORATORY. 3
A multidisciplinary laboratory coursewithlaboratory experiencesinareasrel ated to sensorsand sensing architectures, typically including
chemistry, chemical and material sengineering, and el ectrical engineering. L ecture, 1 hour; laboratory, 2hours. Prereq: Oneyear of college
chemistry, calculusand physics. GS 660 or by consent of instructor. (Sameas CHE/CME/EE 664.)

MSE 699 ADVANCED TOPICS IN MATERIALS SCIENCE AND ENGINEERING (Subtitle required.) 3
A detailedinvestigation of anadvancedtopicof current significancein material sscienceand engineering such as(1) nanometer materials,
(2) structures of superconductorsand (3) materials characterization under high rates of deformation. May be repeated under different
subtitlesto amaximum of nine credits, but only three credits can be earned under the sametitle. A particular topic may be offered at
most twice under the M SE 699 number. Prereq: Variable, given when topic isidentified.

MSE 748 MASTER’'S THESIS RESEARCH. 0)
Half-timetofull-timework onthesis. May berepeated to amaximum of six semesters. Prereq: All coursework toward the degreemust
be compl eted.

MSE 749 DISSERTATION RESEARCH. 0)
Half-time to full-time work on dissertation. May be repeated to a maximum of six semesters. Prereq: Registration for two full-time
semesters of 769 residence credit following the successful completion of the qualifying exams.

MSE 767 DISSERTATION RESIDENCY CREDIT. 2
Residency credit for dissertation research after the qualifying examination. Studentsmay register for thiscoursein the semester of the
qualifyingexamination. A minimum of two semestersarerequired aswell ascontinuousenrol Iment (Fall and Spring) until thedissertation
is completed and defended.

MSE 768 RESIDENCE CREDIT FOR THE MASTER’S DEGREE. (1-6)
May be repeated to a maximum of 12 hours.

MSE 769 RESIDENCE CREDIT FOR THE DOCTOR’'S DEGREE. (0-12)
May berepeatedindefinitely.

MSE 771 SEMINAR. ©)

Review of current literature in the field of metallurgical engineering and presentation of papers thereon. Presentation of talks on
departmental research. Group and panel discussions. Required of all graduate students every semester. L ecture, one hour per week.

MSE 781 SPECIAL PROBLEMS, LITERATURE AND LABORATORY. 1-3)
Literature research and planning of research programs; shop problems and technical writing, including a term paper, are required.
Consultation and lecture by appointment. May be repeated to amaximum of nine credits.

MSE 782 SPECIAL PROBLEMS, LITERATURE AND LABORATORY. 3)
A continuationof M SE 781. Laboratory, six hours; consultation and| ectureby appoi ntment. M ay berepesated toamaximumof ninecredits.

MSE 790 RESEARCH IN MATERIALS SCIENCE. (3-9)
Activeresearch (experiments, library work, theory) toward Ph.D. degree. May berepeated indefinitely.
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