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The recent detection of gravitational waves by on-Earth laboratories is an incredibly impressive achievement of 
experimental physics. It is also a tremendous success of the theory of general relativity. It confirms the existence 
of black holes, shows that binary black holes exist and that they may collide, and that during the merging process 
gravitational waves are produced. These are all predictions of general relativity theory in its fully nonlinear 
regime. 

It is well known that after predicting gravitational waves in 1916 Einstein became uncertain about their physical 
reality. It wasn't until the 1950's and early 60's that their physical status was clarified.  Important contributions 
to the development of the theory of gravitational radiation were made by Hermann Bondi, Felix Pirani, Roger 
Penrose, Ivor Robinson and Andrzej Trautman. In particular, in 1958, Andrzej Trautman from Leopold Infeld's 
relativity group in Warsaw delivered a series of highly influential lectures on gravitational radiation at King's 
College London, which established the foundations of the gravitational wave theory. 

In this talk we show how the Einstein's intuitive concept of a gravitational wave was evolving from the linearized 
gravity to a precise mathematical notion in the fully nonlinear Einstein's General Relativity. Since Trautman's PhD 
thesis from 1958 we know that a gravitational wave is a solution of a certain boundary value problem for the 
Einstein equations. In my talk I also briefly show how the existence theorem for this mathematical problem was 
proven. This stablished the reality of gravitational radiation. This achievement of 25years old Trautman was one 
of the first instances of the use of recently fashionable `geometric analysis'. 
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学部生・大学院生向けの講義です｡ 
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