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Summary

One of the main tasks in quantum information theory is to determine the
initial state of a qubit, i.e. a two-level system that can be described by
the Pauli matrices. Quantum state tomography provides a useful method
for this aim. Quantum state tomography is the process of reconstructing
the quantum state (density matrix) of an ensemble of quantum systems by
performing measurements on it. In order to be able to uniquely identify
the state, the measurements must be tomographically complete. That is,
the measured operators must form an operator basis in the Hilbert space of
the system, providing all the information about the state. However since in
general different operators do not commute with each other, one needs to
perform successive measurements of non-commuting observables to recover
the initial state of the system. In chapter 2 we show that one can completely
reconstruct the initial state of a qubit by means of simultaneous measurement
of commuting observables. The price to be paid is to introduce another
system called assistant of which the state is known. The assistant need
not necessarily be another qubit. It may for example also be a single near
resonance cavity mode. By letting the system and the assistant interact
with each other, and after a some time laps performing measurements on
one observable of each system it is possible to make a linear map between
the measurement results and the initial state of the qubit. The suggested
observables are the easiest ones to measure.

Usually it is very difficult to isolate a quantum system from its surround-
ing environment. Therefore studying the influence of the surrounding envi-
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ronment on the state of an open quantum system, i.e. a quantum system that
is interacting with its environment, is crucial in quantum processes. Depend-
ing on the type of environment, there are different conditions under which one
can study the influence of the environment on a quantum system. A group of
methods categorized by the name of system-bath interaction are based on the
assumption that the reaction of the system on its surrounding environment is
weak. One of the main consequences of this approach is the Langevin equa-
tion, which supplements the Newton equation of motion for the small system
by two additional forces: random conservative force and non-conservative
(i.e., non-Lagrangian), velocity-dependent friction force. Chapter 3 is de-
voted to specific application of this model with which one can study the
dynamics of the polarization of an open qubit. Two non-interacting qubits
are considered to be surrounded by a common environment. Inducing sharp
and strong pulses on one of them makes the polarization transfer from the
other one mediated by the common environment.

There is another set-up that allows studying the dynamics of an open
system. Here the essential condition is that the time scale of the evolution
of the quantum system is much faster than that of its classical environment.
This is one the most used set-ups for coupling quantum and classics vari-
ables. In chapter 4 we consider the Hamiltonian governing the evolution
of the quantum system as a function of slowly varying parameters of its
surrounding environment. By employing the adiabatic perturbation theory,
which is described in this chapter, we derive the state of the quantum system
beyond the adiabatic regime where the transition to other energy levels is
not forbidden.
In chapter 5 we turn our focus on the dynamics of the slow classical en-
vironment which experiences an average force exerted by the fast quantum
system. We show that the back reaction force in contrast to the system-bath
type of interaction is a conservative force that can be generated by a La-
grangian. The Lagrangian describing the situation depends on the classical
slow parameters, and their higher order time derivatives. Several interesting
aspects of the Lagranigan are discussed in chapter 5.
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