Mathematical and Computer Modeling in Chemistry
Professor Yehuda Band

Syllabus
(Hebrew syllabus on the next page)

Course Grading

. Midterm exam 30%
. HW and Quizzes 30%
. Project 30%
. Class Participation 10%

The “pillars” of scientific investigation are (a) experiment, (b) modeling, (c)
simulation and (d) comparison with experiment and improvement of the model. This
course will develop tools for modeling and simulation in chemistry. After an
introduction to probability theory, statistics and error analysis [topics required for
analyzing experimental data and prerequisites for quantum chemistry, quantum
physics, and statistical mechanics] and some concepts in mechanics (Lagrangian,
generalized momentum, phase space, Hamiltonian) [topics required for quantum
chemistry and statistical mechanics], modeling and simulation methods will be
addressed. Simulations will be carried out using the computer program Mathematica.
Mathematica is a powerful tool for technical computing which provides a robust
computing environment that is used in biology, chemistry, economics, engineering,
finance, mathematics, physics, and a wide range of other fields. It is designed for
symbolic as well as numerical calculations, and for visualization of technical
information.

The course will include the following topics: A brief introduction to computer science
and numerical methods, Mathematica as a sophisticated symbolic and numeric
calculator programming in Mathematica and the concepts behind the language,
procedural, functional and rule-based programming, parallel computing using
multiple cores, and dynamic interfaces (animation), an introduction to probability
theory and analytical mechanics. Students will solve interesting problems taken from
various subfields in chemistry, with models that incorporate aspects of algebra,
calculus, statistics, optimization, and data analysis. Students will complete a project
that they will choose from within their own areas of interest in chemistry.

The course will consist of one hour per week lecture, one hour laboratory instruction
and one hour exercises.

Course Textbooks:

John W. Gray, Mastering Mathematica: Programming Methods and Applications,
(Academic Press, 1997).

Paul R. Wellin, Programming with Mathematica, An Introduction, (Cambridge U.
Press, 2013).

Dimitri P. Bertsekas and John N. Tsitsiklis, Introduction to Probability (Athena
Scientific, 2008).

Handout notes on analytical mechanics.
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John W. Gray, Mastering Mathematica: Programming Methods and Applications,
(Academic Press, 1997).

Paul R. Wellin, Programming with Mathematica, An Introduction, (Cambridge U.
Press, 2013).

Dimitri P. Bertsekas and John N. Tsitsiklis, Introduction to Probability (Athena
Scientific, 2008).

Handout notes.



