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Abstract:
Quantum mechanics present many specific difficulties, and among them are the questions related to the changes

in the problems when one tries to observe the phenomena. Another question comes from the environment of the
quantum system. Usually, one deals with an isolated quantum system whereas this is never the case and one has
to take into account the environment of this quantum system.

It is of major interest to investigate the behavior of a quantum sytem under the effect of an external force,
usually due to an external electric field. Trying to describe the possible behavior of the system leads to a control
problem, the control variable acting through a potential in the equation, this potential coming from the external
electric field. This question is important in quantum chemistry when one tries to break molecules or create new
molecules. It is also important for physical reasons in order to drive a quantum system to a prescribed configuration.
It could lead for example (in the future or is it only science fiction?) to quantum logical gates which could be a
basis for future quantum computers. At the scale of a molecule or of an atom, in the non relativistic case, the
basic equations to be considered are the Schrödinger equations. The environment can usually be described by
microscopic or macroscopic Maxwell equations. Up to now, very few works have been done on the coupled
Schrödinger-Maxwell systems and this could be a very important new subject for control theory. On the other
hand, control of (isolated) Schrödinger equations has been extensively studied in the last years, but still many
important questions remain unsolved.

In this series of lectures we will describe some of the problems arising in quantum control, including many
open problems. We will also give the known results for the control of Schrödinger equations. The main properties
of Schrödinger equations will be recalled, so that this series of lectures will be accessible to most of the people
who are familiar with Hilbert spaces and possibly to Sobolev spaces.

Program:

1. Basics on quantum mechanics. Schrödinger equation. Models coupling time dependent Schrödinger equa-
tion and Maxwell equations.

2. Statement of some control problems for Schrödinger equation and coupled systems. Optimal control prob-
lems, controllability problems. Problems involving the so-called “density matrix”.

3. Basis of the mathematical study of Schrödinger equation. Conserved quantities, energy inequalities, exis-
tence results, regularity results.

4. Some controllability problems for Schrödinger equations. Linearization (control appearing linearly), Bi-
linear control problems. Approximate controllability, exact controllability. Ideas of the proofs for known
(positive and negative) controllability results.
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5. Some open problems including discussions on the possible methods.
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[9] R. Feynman. The Feynman Lectures on Physics, Volume III, Quantum Mechanics. 2nd edition 2005, Addison-
Wesley.

[10] E. Lorin, S. Chelkowski and A. D. Bandrauk. Maxwell-Schrödinger Equations for Nonlinear Laser Propaga-
tion in Molecular Media, Comput. Phys. Commun. 177 (2007) 908.

[11] E. Lorin, S. Chelkowski and A. D. Bandrauk. Global existence and uniqueness of solutions for a micro-macro
system of Maxwell-Schrödinger equations and some remarks about filamentation.

[12] G. Turinici. On the controllability of bilinear quantum systems. In Mathematical models and methods for ab
initio quantum chemistry, volume 74 of Lecture Notes in Chem., pages 75–92. Springer, Berlin, 2000.

[13] G. Turinici and H. Rabitz. Wavefunction controllability for finite-dimensional bilinear quantum systems. J.
Phys. A 36 (2003) 2565–2576.


