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Abstract

Quantum optics offers a huge variety of exciting phenomena. Many of them
are still in their infancy and especially when it comes to implementing devices
using these effects for more than a proof of principle demonstration still many
things have to be investigated and understood. In this thesis I discuss the role
of correlations in some areas of quantum optics and in some cases compare it
to classical optics. Four papers form the core of the thesis.

In the first paper, I propose a new measure for entanglement. This measure
is based on correlations between two states. I show, how this measure relates to
another measure, the concurrence. It turns out that the measure is a bijective
map of the concurrence for a pure state of two qubits. I motivate why the new
measure is useful if one wants to implement it experimentally. I discuss its
behaviour for the case of two qubits and show its properties when dealing with
pure and with mixed states.

The second paper extends the result of the first one to the case where one
has higher-dimensional states than qubits.

In the third paper I look at phase super-resolution. I show that it can be
interpreted as a purely classical effect and I analyse what is needed and what
is not needed to achieve it. Specifically, I show that quantum correlations in
terms of entanglement is not needed to demonstrate phase super-resolution.
By doing so I propose how one could achieve arbitrarily high phase super-
resolution.

Finally, the last paper looks at the efficiency of quantum lithography
and quantum imaging. It shows, that some basic assumptions in the
original proposals of quantum lithography seems unfounded and that, as a
consequence, the efficiency is poor. I give formulæ for the explicit scaling
behaviour when changing the number of photons in a mode or when changing
the number of pixels. The effect of the results on the future of quantum
lithography is discussed as well.
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