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1. COURSE NUMBER AND TITLE:
CDS 487 Computational Materials Science

Course Prerequisites:
PHYS 308 or PHYS 402, proficiency in computer programming

Catalog Description:

The course covers computational aspects of materials science, such as first-principles methods of electronic
structure calculations of periodic solids, clusters, and molecules as well as the use of empirical potentials.
Examples will be drawn from metals, insulators, and semiconductors. The students will be directed to
construct simple codes and be guided in the use of the more sophisticated available computational packages.

2. COURSE JUSTIFICATION:

Course Objectives:

This course will cover first introductory information on crystallography

to prepare the students with the necessary background for computing the
electronic structure of solids. In addition a review of quantum mechanics

will be presented intended to lead to a demonstration that the Schrodinger
equation can be solved analytically only for the hydrogen atom. For the

rest of the elements in the periodic table numerical solutions are possible.
Such approaches will be discussed using plane wave or tight-binding techniques.
The students will be expected to write programs of simplified versions of

such methods, and will be introduced in the use of more sophisticated packages
provided by the instructor.

Course Necessity:

This is one of the advanced courses of the B.S. degree in Computational and Data Sciences that combines
methodology and application in the physics track of the program.

Course Relationship to Existing Programs: No relationship

Course Relationship to Existing Courses:

This course is a lower level treatment of material taught in the graduate course CSI 787.



3. APPROVAL HISTORY:

4. SCHEDULING AND PROPOSED INSTRUCTORS:

Semester of Initial Offering: Spring 2009

Proposed Instructors: Dr. Papaconstantopoulos

5. TENTATIVE SYLLABUS: See attached.




COURSE NUMBER
COURSE TITLE

-- SYLLABUS --

Prerequisites:
PHYS 308 or PHYS 402, proficiency in computer programming

Credits: (3)

Instructor: D. Papaconstantopoulos

Office Hours: TBD

Course Description:

The course covers computational aspects of materials science, such as first-principles methods of electronic
structure calculations of periodic solids, clusters, and molecules as well as the use of empirical potentials.
Examples will be drawn from metals, insulators, and semiconductors. The students will be directed to construct
simple codes and be guided in the use of the more sophisticated available computational packages.

Lecture Content:

Lecture 1: Introductory concepts on crystal structures:
Periodicity in crystals, symmetry operations, units’ cells,
two and three dimensional lattices.

Lecture 2: Definitions of primitive lattice vectors and description
of the cubic and hexagonal crystal structures.

Lecture 3: The concept of the reciprocal lattice and Brillouin zones.

Lecture 4: The Schrodinger equation:
Solution for the Hydrogen atom and connection to the Bohr model.

Lecture 5: The concept of the energy band and the density of states.
Lecture 6: The tight-binding approach and the free-electron model.

Lecture 7: Applications of tight-binding methodology to a chain of atoms,
and a square lattice. Simple applications to three dimensions.

Lecture 8: The second moment approximation, its applications and limitations.

Lecture 9: Classical approaches to calculating the cohesive energy using
interatomic potentials.

Lecture 10-15: The students will be directed to construct simple computer codes
and will be guided in the use of one of the available computational
packages in materials science.



Homework: In the first part of the course there will be mainly problems solved using analytical approaches.

In the second part the homework assignments will be related to the project.

Project: The project will have two components. Writing code for simple applications of materials theories, and

using commercial packages to obtain and analyze the results.

Exams: There will be a midterm exam but no final exam.

Grades:
Homework (20%), Projects (60%), Midterm (20%)

Required Texts:

References
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