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Course Proposal Submitted to the COS Curriculum Committee

1. COURSE NUMBER AND TITLE: PHYS 385 / CDS 385 Materials Science with Applications to Renewable Energy

Course Prerequisites: PHYS 262 or 266 or 245 and a C or better in MATH 113
Catalog Description: Introduction to basic concepts and methods of materials science. Review of metallic alloys and compounds, ceramic materials, ionic solids, semiconductors, polymers, and nano-structured materials. Mechanical, thermal, electric, magnetic and optical properties of materials. Theoretical background and experimental methods of materials characterization. Various materials applications with emphasis on renewable energy.
  2. COURSE JUSTIFICATION: 
Course Objectives:
The objectives of this course are to familiarize undergraduate students with some of the most basic concepts and methods of materials science and prepare them for more advanced courses in solid-state physics, materials science and related areas. The course will also illustrate various technological applications of different classes of material, especially applications to renewable energy technologies.

Course Necessity:


Undergraduate students interested in certain areas of physics, chemistry, electrical engineering or renewable energy technologies need some background in materials science. This course will satisfy this need by providing an introduction to the discipline and preparing the student for more specialized courses. Despite the introductory character, the course requires some knowledge of classical mechanics, electricity and magnetism and elements of quantum mechanics.  It especially relies on familiarity with basic concepts of thermodynamics and some elements of statistical mechanics.

Course Relationship to Existing Programs:

The course is required element of the minor in Renewable Energy and an elective of the BS program in Computational Sciences.
Course Relationship to Existing Courses:
No relation

3. APPROVAL HISTORY: none
4. SCHEDULING AND PROPOSED INSTRUCTORS:  
Semester of Initial Offering: Fall 2009
Proposed Instructors: Drs. H. Sheng (CDS) and Y. Mishin (Physics) by rotation.
5. TENTATIVE SYLLABUS: See attached.
PHYS 385 / CDS 385

Materials Science with Applications to Renewable Energy
-- SYLLABUS --

Prerequisites: PHYS 262 or 266 or 245 and a C or better in MATH 113
Credits: 3 Hrs


Instructor: Drs. H. Sheng (CDS) and Y. Mishin (Physics) by rotation.
Office Hours: TBD
Course Description: Introduction to basic concepts and methods of materials science. Review of metallic alloys and compounds, ceramic materials, ionic solids, semiconductors, polymers, and nano-structured materials. Mechanical, thermal, electric, magnetic and optical properties of materials. Theoretical background and experimental methods of materials characterization. Various materials applications with emphasis on renewable energy.
     
Lecture Content: 
· Lecture 1: Subject of materials science. Classification of materials. Atomic and electronic structure of different classes of materials. Experimental methods of structure characterization.

· Lecture 2: Crystalline defects in metallic and ceramic materials. Point defects, dislocations, interfaces. 

· Lecture 3: Diffusion in materials. Continuum theory, diffusion equations and their solutions. Atomic mechanisms of diffusion.

· Lecture 4: Elements of elasticity theory. Dislocations and plastic deformation. Heat treatment of deformed materials.

· Lecture 5: Fracture of materials. Simple fracture modes, fracture tests. Fatigue of materials. Creep. 

· Lecture 6-7: Thermodynamics of alloys. The Gibbs Phase Rule. Phase diagrams.

· Lecture 8: Phase transformations in materials. Phase nucleation. Kinetics and mechanisms of phase growth.

· Lecture 9: Thermal processing of metallic materials. TTT diagrams. Precipitation hardening.

· Lecture 10: Ceramic materials. Silicates, quartz, glasses, etc. Physical, mechanical and electric properties of ceramics. Fabrication of modern ceramics.

· Lecture 11: Polymer materials. Classification, atomic structure, physical and mechanical properties of polymers. Polymer technology.

· Lecture 12: Electric, magnetic and optical and related properties of functional materials. Applications of functional materials.

· Lecture 13-15: Overview of materials for renewable energy applications. Materials for fuel cells, photovoltaic materials, materials for hydrogen technologies.

Homework: A typical weekly assignment includes 3-4 problems
Project: (describe, if applicable) No project.
Exams: A midterm and final exams will each include 5-6 problems on the level of homework assignments. Students will be allowed to use class notes but not textbooks

Grades:           
· Homework assignments (30%) 

· Mid-term exam (30%) 

· Final exam (30%) 

· Class participation and discussion (10%) 

Required Texts: 
· W. D. Callister, Materials Science and Engineering: An Introduction (Wiley, 5th or any later edition)

· Instructor's notes 









