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Introduction to Computational Nanomechanics

A comprehensive guide on computational nanomechanics discussing basic theoretical

concepts and computer modelings in areas such as computational physics, materials,

mechanics, and engineering as well as several other interdisciplinary avenues. This

book makes the underlying theory accessible to readers without specialized training

or extensive background in quantum physics, statistical mechanics, or theoretical

chemistry. It combines a careful treatment of theoretical concepts with a detailed

tutorial on computer softwares and computing implementations, including multiscale

simulation and computational statistical theory. Multidisciplinary perspectives are

provided, yielding a deep insight on the applications of computational nanomechanics

across diverse engineering fields. The book can serve as a practical guide with step-

by-step discussions of coding, example problems, and case studies. This book will be

essential reading for students new to the subject, as well as an excellent reference for

researchers and developers.

Shaofan Li is a full professor of computational science at the University of California,

Berkeley. Doctor Li has been conducting research in atomistic and multiscale simula-

tions since 2000, publishing more than two hundred technical articles in peer-reviewed

journals.

Jun Li is a post-doctoral researcher at Wuhan University of Technology. Doctor Li

has been conducting research in first-principles modeling and simulations of materials

since 2015, publishing over twenty technical papers in peer-reviewed journals.
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Preface

This book grew from the lecture notes of the graduate course on Introduction to

Computational Nanomechanics at the University of California–Berkeley, which

I started teaching in Spring 2011.

Most of the materials are compiled and organized from various textbooks or

research papers in quantum mechanics, molecular dynamics, computational statistical

mechanics, and the like. However, the contents are edited and streamlined, and the

texts are rephrased so that first-year engineering graduate students with different

backgrounds but without a formal training in graduate-level physics and chemistry

can easily understand them. In fact, the main motivation of the book is to teach

computational nanomechanics and computational statistical mechanics to students

from various disciplines of engineering, biology, and mathematical sciences, who do

not have a formal training in quantum physics and statistical mechanics. Because of

continuing developments in nanoscience and nanotechnology and their applications

to the broader field of engineering, the needs for in-depth knowledge of nanoscience,

especially computational nanoscience, have become more and more urgent and

demanding. Usually, conventional wisdom says that acquiring such knowledge

would require a career change, which demands so much time and effort that many

engineering students or researchers are too intimidated.

There are several books on computational nanomechanics available. To distinguish

the present book from the others, I would like to focus more on computational sta-

tistical mechanics, multiscale simulation, and its applications to solve engineering

problems – a subject that is still in the stage of infancy.

My academic background is not quantum physics or computational chemistry, but

applied and computational mechanics, which is a subfield of engineering science or

applied physics. I always felt that perhaps this was a disadvantage for me in writing

a book on computational nanomechanics; on the other hand, I may be in a unique

position to understand how the mind of an engineer works, so that I may have a

different perspective to write the book in such a way that most engineers will feel

more comfortable to read it. It is only this thought that keeps me thinking that this is a

useful endeavor.

One of the main features of the book is that it includes many segments of actual

computation scripts and computer codes. It provides step-by-step tutorials to show

how to conduct a computer simulation of a first-principle calculation or a molec-

ular dynamics calculation. Most of these scripts are collected from various online
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x Preface

resources, as well as private communications and sharings from our research collab-

orators. Because the computer codes have been migrated from different sources and

different versions, we are not able to acknowledge the original sources or developers,

and for that we sincerely apologize to the original developers. While we are deeply

indebted to these original developers, we are hoping that they also hold same spirits

for sharing these information with readers, and especially younger researchers and

students. Lastly, in order to help readers have hands-on experience in computer imple-

mentation on some of numerical computation examples discussed in this book, com-

puting resource files have been posted on the following website: http://nanomechanics

.berkeley.edu/introduction-to-computationalnanomechanics/.

The readers are free to download these resource files.

Shaofan Li
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