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As a direct consequence of General Relativity, gravitational waves are a highly 
promising candidate to study this basic theory of modern physics. Furthermore, since 
they are predicted to occur for various astrophysical and cosmological phenomena, 
together with the multimessenger approach in combination with neutrinos and 
electromagnetic radiation it is a powerful tool to gain insight into processes of sources 
like supernovae, pulsars and different kinds of binaries. 
In this Dedicated Master Class we want to give a general overview over the 
theoretical basics of gravitational wave physics [Sat09]. To do so, we first recapitulate 
the fundamental concepts of General Relativity applied to cosmology, focusing on the 
Einstein Equations together with the definitions necessary to understand them. That is 
then used to introduce Linearized Gravity by assuming the universe to be flat with 
gravitational waves being a small perturbation of the underlying Minkowski metric. 
Subsequently, we study two variants of the resulting wave equations [Gui03]: First, 
we consider the vacuum case for which an analytical solution is derived and then 
discussed in detail, in particular also comparing it to the corresponding situation in 
electromagnetism. Second, we present the wave equations for an arbitrary energy-
momentum tensor and discuss estimates of their solution for the case of a binary 
system. The resulting predictions for signals are then analyzed concerning their 
detectability and visualized in a convenient way. 
Finally, as an additional approach, we discuss the general concept of the so-called 
Pulsar Timing Arrays (PTAs), a technique for which the pulse arrival times from 
different millisecond pulsars are correlated in order to detect small deviations in the 
observed signals which may be caused by gravitational waves [Jos13]. We derive 
estimates on the size of such deviations and list several running and planned efforts in 
that field. 
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