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Course Description

As a program core course for materials science and engineering, this course aims to introduce the
basic ideas, concepts, and techniques of materials modelling and simulation to the graduate
students. This main contents of this course covers the basic concepts and methods for modeling
and simulations of multiscale problems in materials science, with an emphasis on the basic
concepts, theories, algorithms, and applications of electronic scale first-principles and atomic
scale approaches such as molecular dynamics. Besides, the fundamental concepts of the
mesoscale and macroscale methods will also be discussed, as well as the cross-scale methods,
high-throughput calculations, and materials genome. It is expected that the student will gain some
systematic knowledge on the ideas and skills for multiscale materials modeling and simulation,
and in turn deepen their understanding on the constitutive relations between the structures and the
properties of materials. The course also features some hand-on experiments which cover
numerical simulations, statistical analysis, as well as visualization of the models/results. The
main-stream software will also be introduced and used.




Content

Hours Format
Introduction: scientific computation and
e X 3 Lecture
scientific programming
M i I princi
oleculat Dynamlcs methodg principles, 3 Lecture
algorithm, implementation, codes
In i ials: ivati
teratomic po?gntlals thgory, derivation, 3 Lecture
implementation
Calculating Material Properties 3 Lecture
Hands-on #1 Lattice Constants and Bulk 3 Lecture &
Moduli Experiment
Hands-on #2 Point Defects 3 Experiment
Modeling and simulation of material processes 3 Lecture
( ) Hands-on #3 Dislocations 3 Lecture &
Syllabus Experiment
. Lecture &
Hands-on #4 Hoppin 3 .
PpINng Experiment
Frontiers: Materials Genome and related 3 Lecture &
tools Experiment
Density functional theory: introduction 3 Lecture
DFT calculations for crystals 3 Lecture
DFT calculations: practical concerns 3 Lecture
. . Lecture &
Hands-on #6 basic DFT calculation 3 .
Experiment
Hands-on #7 lattice constants, and band 3 Lecture &
structure calculations Experiment
Multiscale modeling: ?onc?pts, approaches, 3 Lecture
and applications
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1) 30%

2) 20%
3) 40%
4) 10%

English
Requirements

The grading of this course will be based on the comprehensive assessing of the following items:
1) Course assignments 30%;

2) In class quizzes 20%;

3) Experimental reports 40%;

4) Class attendance and participation 10%.

The ratios of each parts might subject to change for different semester.

Resources

1. June Gunn Lee, Computational Materials Science: An Introduction, CRC press, 2016.

2. Richard LeSar, /ntroduction to Computational Materials Science Fundamentals to

Applications, Cambridge University Press, 2013.

3.D. Frenkel and B. Smit. Understanding Molecular Simulation. 2nd ed. Burlington, MA:
Academic Press, 2001.

4. K Capelle, A Bird’ s-Eye View of Density-Functional Theory, Brazilian Journal of Physics,
36(4A):1318-1343, 2006.

5. Ellad B. Tadmor and Ronald E. Miller, Modeling Materials: Continuum, Atomistic and
Multiscale Techniques, Cambridge University Press, 2011.

6. S. Yip, Handbook of Materials Modeling, Springer, New York, 2005.

English
Resources

References:
1. June Gunn Lee, Computational Materials Science: An Introduction, CRC press, 2016.

2. Richard LeSar, /ntroduction to Computational Materials Science Fundamentals to

Applications, Cambridge University Press, 2013.

3.D. Frenkel and B. Smit. Understanding Molecular Simulation. 2nd ed. Burlington, MA:
Academic Press, 2001.

4. K Capelle, A Bird’ s-Eye View of Density-Functional Theory, Brazilian Journal of Physics,
36(4A):1318-1343, 2006.

5. Ellad B. Tadmor and Ronald E. Miller, Modeling Materials: Continuum, Atomistic and
Multiscale Techniques, Cambridge University Press, 2011.

6. S. Yip, Handbook of Materials Modeling, Springer, New York, 2005.
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