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This textbook presents basic and advanced computational physicsin avery
didactic style. It contains very-well-presented and simple mathematical
descriptions of many of the most important algorithms used in computational
physics.

Thefirst part of the book discusses the basic numerical methods. The second part
concentrates on simulation of classical and quantum systems. Several classes of
integration methods are discussed including not only the standard Euler and
Runge Kutta method but also multi-step methods and the class of Verlet
methods, which is introduced by studying the motion in Liouville space. A
general chapter on the numerical treatment of differential equations provides
methods of finite differences, finite volumes, finite elements and boundary
elements together with spectral methods and weighted residual based methods.

The book gives simple but non trivial examples from a broad range of physical
topicstrying to give the reader insight into not only the numerical treatment but
also simulated problems. Different methods are compared with regard to their
stability and efficiency. The exercises in the book are realised as computer
experiments.
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This textbook presents basic and advanced computational physicsin avery didactic style. It contains very-
well-presented and simple mathematical descriptions of many of the most important algorithms used in
computational physics.

Thefirst part of the book discusses the basic numerical methods. The second part concentrates on simulation
of classical and quantum systems. Several classes of integration methods are discussed including not only the
standard Euler and Runge Kutta method but also multi-step methods and the class of Verlet methods, which
isintroduced by studying the motion in Liouville space. A genera chapter on the numerical treatment of
differential equations provides methods of finite differences, finite volumes, finite e ements and boundary
elements together with spectral methods and weighted residual based methods.

The book gives simple but non trivial examples from a broad range of physical topicstrying to give the
reader insight into not only the numerical treatment but also simulated problems. Different methods are
compared with regard to their stability and efficiency. The exercises in the book are realised as computer
experiments.
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Editorial Review
Review
From the book reviews:

“The well-written monograph about computational physics is based on two-semester lecture courses given
by the author on a period of several years for undergraduate physics and biophysics students ... . convenient
for students and practitioners of computer science, chemistry, and mathematics who are interested in
applications of numerical methods in physics and engineering sciences. ... well-organized book with a
concentration to the important ideas of the methods and physical applicationsincluding software, examples,
illustrations, and references to further reading.” (Georg Hebermehl, zbMATH, Val. 1303, 2015)

From the Back Cover

Thistextbook presents basic and advanced computational physicsin avery didactic style. It contains very-
well-presented and simple mathematical descriptions of many of the most important algorithms used in
computational physics. Many clear mathematical descriptions of important techniques in computational
physics are given. Thefirst part of the book discusses the basic numerical methods. A large number of
exercises and computer experiments allows to study the properties of these methods. The second part
concentrates on simulation of classical and quantum systems. It uses a rather general concept for the equation
of motion which can be applied to ordinary and partial differential equations. Several classes of integration
methods are discussed including not only the standard Euler and Runge Kutta method but also multistep
methods and the class of Verlet methods which isintroduced by studying the maotion in Liouville space.
Besides the classical methods, inverse interpolation is discussed, together with the popular combined
methods by Dekker and Brent and a not so well known improvement by Chandrupatla. A general chapter on
the numerical treatment of differential equations provides methods of finite differences, finite volumes, finite
elements and boundary elements together with spectral methods and weighted residual based methods. A
comparison of several methods for quantum systems is performed, containing pseudo-spectral methods,
finite differences methods, rational approximation to the time evolution operator, second order differencing
and split operator methods.

The book gives simple but non trivial examples from a broad range of physical topicstrying to give the
reader insight into the numerical treatment but also the simulated problems. Rotational motion istreated in
much detail to describe the motion of rigid rotors which can be just a simple spinning top or a collection of
molecules or planets. The behaviour of simple quantum systemsis studied thoroughly. One focusis on atwo
level system in an external field. Solution of the Bloch equations allows the simulation of a quantum bit and
to understand elementary principles from quantum optics. As an example of athermodynamic system, the
Lennard Jones liquid is simulated. The principles of molecular dynamics are shown with practical
simulations. A second thermodynamic topic is the Ising model in one and two dimensions. The solution of
the Poisson Boltzman equation is discussed in detail which isvery important in Biophysics aswell asin
semiconductor physics. Besides the standard finite element methods, also modern boundary element methods
are discussed. Waves and diffusion processes are simulated. Different methods are compared with regard to
their stability and efficiency. Random walk models are studied with application to basic polymer physics.
Nonlinear systems are discussed in detail with application to population dynamics and reaction diffusion
systems. The exercises to the book are realized as computer experiments. A large number of Java appletsis
provided. It can be tried out by the reader even without programming skills. The interested reader can modify



the programs with the help of the freely available and platform independent programming environment
"netbeans’.

About the Author

Prof. Scherer received his PhD in experimental and theoretical physicsin 1984. He joined the National
Institute of Advanced Industrial Science and Technology (AIST) in Tsukuba, Japan, as avisiting scientist in
2001 and 2003. His area of research includes biomolecular physics and the computer simulation of molecular
systems with classical and quantum methods. He has published books on theoretical molecular physics and
computational physics.

Users Review
From reader reviews:
DeniseLee

Have you spare time for any day? What do you do when you have more or little spare time? Y eah, you can
choose the suitable activity intended for spend your time. Any person spent all their sparetime to take a
wander, shopping, or went to typicaly the Mall. How about open aswell as read a book entitled
Computational Physics: Simulation of Classical and Quantum Systems (Graduate Texts in Physics)? Maybe
itisto be best activity for you. Y ou know beside you can spend your time together with your favorite's book,
you can wiser than before. Do you agree with it has the opinion or you have some other opinion?

Timothy Hawkins:

Spent afree time and energy to be fun activity to do! A lot of people spent their sparetime with their family,
or their friends. Usually they performing activity like watching television, about to beach, or picnic inside the
park. They actually doing same thing every week. Do you fedl it? Do you wish to something different to fill
your personal freetime/ holiday? Could possibly be reading a book may be option to fill your totally free
time/ holiday. The first thing you ask may be what kinds of e-book that you should read. If you want to
attempt look for book, may be the book untitled Computational Physics. Simulation of Classical and
Quantum Systems (Graduate Texts in Physics) can be good book to read. May be it may be best activity to
you.

Holly Murphy:

Why? Because this Computational Physics. Simulation of Classical and Quantum Systems (Graduate Texts
in Physics) is an unordinary book that the inside of the publication waiting for you to snap this but latter it
will zap you with the secret the idea inside. Reading this book beside it was fantastic author who also write
the book in such wonderful way makes the content on the inside easier to understand, entertaining technique
but still convey the meaning completely. So , it is good for you because of not hesitating having this
nowadays or you going to regret it. This phenomenal book will give you alot of rewards than the other book
include such as help improving your ability and your critical thinking method. So , till want to delay having
that book? If | have been you | will go to the book store hurriedly.



Jane€lle Coe;

Can you one of the book lovers? If yes, do you ever feeling doubt when you find yourself in the book store?
Try to pick one book that you just dont know the inside because don't determine book by its deal with may
doesn't work is difficult job because you are frightened that the inside maybe not while fantastic asin the
outside appear likes. Maybe you answer can be Computational Physics: Simulation of Classical and
Quantum Systems (Graduate Texts in Physics) why because the excellent cover that make you consider
about the content will not disappoint anyone. The inside or content will be fantastic as the outside or even
cover. Your reading 6th sense will directly direct you to pick up this book.
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