Preface

For dealing with atoms involving many electrons the ac&icatantum theory,
involving a solution of the wave equation in many-dimensiospace, is far
too complicated to be practicable. One must therefore reésoapproximate
methods. (P.A.M. Dirac, 1930)

This book is not about Nature, but about tools for exploriregiMe. It is written by a
mathematician who does not himself apply these tools but agpreciates their uses,
admires their shapes, analyses their function, and at titesigns improved hand axes.

Quantum dynamics of molecules poses a variety of computatichallenges that
are presently at the forefront of research efforts in nucaérnalysis in a humber of
application areas: high-dimensional partial differertiguations, multiple scales, highly
oscillatory solutions, and geometric structures such agpgcticity and reversibility that
are favourably preserved in discretizations. This textesgkes such problems in quantum
mechanics from the viewpoint of numerical analysis, ilashg them to a large extent
on intermediate models between the Schrodinger equafiémlonany-body quantum
dynamics and the Newtonian equations of classical molecdyi@aamics. The fruitful in-
terplay between quantum dynamics and numerical analysisijghasized: numerical al-
gorithms originally developed for quantum dynamics somes find a much wider scope
of application areas, and numerical analysis can contithgoretical hindsight and novel
algorithms to computational quantum dynamics.

This short book contains the extended lecture notes of aigtag¢ourse (Nachdiplom-
vorlesung) held at ETH Zirich in the winter semester 2007ak five chapters: Chap-
ter | gives a concise introduction to quantum mechanics atabéshes basic notions and
notation. Chapter Il treats the Dirac—Frenkel time-depandariational principle and re-
duced models for many-body quantum dynamics built on it. Bucal methods for linear
time-dependent Schrodinger equations are studied int€hHp those for the non-linear
equations of motion of reduced models in Chapter IV. Findlizapter V describes a
novel numerical approach to the Schrodinger equation mi-séassical scaling, using
Hagedorn wave packets. The selection of topics has beepdjbidthe wish to include a
wide variety of beautiful ideas and successful techniqwéh,no attempt at encyclopedic
completeness.

In preparing the text, | have greatly benefitted from dismusswith and comments
by Erwan Faou, Michael Fey, Ludwig Gauckler, Vasile Gradin&rnst Hairer, Marlis
Hochbruck, Tobias Jahnke, Gabriele Kallert, Othmar Kochroline Lasser, Katina
Lorenz, Olavi Nevanlinna, Christoph Schwab, Stefan Tewafietl Gerhard Wanner. Ker-
sten Schmidt was the very helpful assistant to my course wdygped all the figures, with
the exception of those in Chapter V which were kindly proditdg Vasile Gradinaru. My
sincere thanks go to all of them, and also to the participafitsy course in Zurich.
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