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ME599-005: Defects in Materials and Fundamentals of Atomistic Modeling  

(Fall 2019) 

Instructor:  

Dr. Yue Fan (fanyue@umich.edu) 

Assistant Professor of Mechanical Engineering 

Office: 3476 G. G. Brown 

Website: https://sites.google.com/a/umich.edu/yuefan/pi-fan  

 

Course description: 

“Materials are like people: it is the defects that make them interesting”  

–Sir Charles Frank  

From dispersion-strengthened alloys to semiconductors, from radiation-resistant 

materials to fiber-optic sensors, the performances of many functional materials are 

largely controlled by the defects in the systems. In this course we examine different types 

of defects in crystalline solids, including the point defects (0-dimensional), the line 

defects (1-dimensional), the interfacial defects (2-dimensional), and volumetric defects 

(3-dimensional), respectively. We will focus on how these microstructural defects are 

related to the macroscale phenomena of the materials, such as diffusion, deformation, 

radiation response, phase transformations, etc. We will also examine the “hidden defects” 

in highly disordered materials such as glasses. Fundamentals of atomistic modeling, 

including both the algorithms and demo applications, will be introduced to help students 

build intuition concerning the defects structures and behaviors. In addition, to help 

students better correlate in-class knowledge with state-of-the-art research, some recently 

published high-impact research papers on defects will be introduced and discussed in the 

class. 

 

Course objectives: 

By the finish of this course students should be able to: 

1. Understand the common lattice structures of crystalline solids and different types of 

topological defects inside, including the point, line, planar, and volumetric defects 

2. Describe the defects kinetic and dynamic behaviors by applying thermodynamics 

theory and transition state theory 

3. Build a “multiscaling” perspective that connect the behaviors of microstructural 

defects to the materials macroscopic mechanical performance 

4. Get the basic sense on structural materials design strategy by controlling the defects 

5. Utilize atomistic modeling software (e.g. LAMMPS) and visualization software 

(e.g. Atomeye) in order to build intuition on defects 

6. Develop key research skill through the final project, where students will be 

equipped with the capability of identifying the problem, proposing the research 

plan, and evaluating the results 
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Grading: 

Class participation                               10% 

Reading assignment                                    20% 

Exams                                40% 

▪ Take-home Mid-term I (20%) 

▪ Take-home Mid-term II (20%) 

Final Project                                  30% 

▪ project report (15%) 

▪ in-class presentation (15%) 

 

Reading assignment  

A literature pool of research papers concerning the defects properties will be provided 

by the instructor. Students can either choose one paper from the provided literature pool 

or select their own interested paper as the reading assignment. In the middle of the 

semester, each student will submit a short literature review report. The report has to be in 

scientific format, including the sections of Title, Abstract, Introduction, Method, Results, 

Discussion, and References.  

Final project  

During the course students will perform simple research projects related with defects 

behaviors in materials by utilizing the atomistic modeling software. Students may either 

propose their own research topic or can choose from a range of potential projects 

proposed by the instructor. Students are expected to assess the problem at hand, build a 

research plan, obtain some preliminary results, and draw the conclusions. The students 

also need to present to the class on their projects in about 10 minutes, and each 

presentation is followed by a 5-min Q&A interaction with the audience. At the end of the 

semester, students also need to submit a brief research report in scientific format. The aim 

of the research project is to enable a deeper level understanding with class materials, and 

to improve the research skills of the students.   

 

Audience: 

Graduate students and senior undergraduate students. 

 

Lectures time:  

Monday and Wednesday, 9:00—10:30 AM  (1025 GGB) 

 

Office hours:  

By appointment with the instructor.   


