Early Cosmology

The Schwarzschild solution
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® History
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Ristory

® discovered by Karl
Schwarzschild in 1915
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Ristory

® A lot of wonder about whether or not the

singularity at the Schwarzschild radius is
physical

® Eddington (1924) and Lemaitre (1932)
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Ristory

® Kruskal found a coordinate transformation
allowing for an analytic continuation to
(almost) the entire spacetime

® |960s: Differential geometry becomes
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The Schwarzschild metric

Empty-space-solution of Einstein's field equations for
a stationary spherically symmetric mass distribution




The Schwarzschild metric

Objects we need from differential geometry

metric, describes pace-time

Christoffel symbols: defined for covariant derivate
(keep tensor properties when differentiating)
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The Schwarzschild metric

Choose spherical coordinates
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The Schwarzschild metric

Plug ansatz into Euler-Lagrange formalism and
compare with geodesic equations to obtain
Christoffel symbols
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The Schwarzschild metric

Introduce auxiliary relations

v/ —det(g) = r?|sinf|VAB
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The Schwarzschild metric

Write down Ricci-Tensor

Off-diagonal elements are zero,
rest gives us...
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The Schwarzschild metric

TS) dt>
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Visualisation

Flamm's paraboloid: visualise metric as
revolution plot for fixed time in equatorial
plane with an extra (non-physical) z-dimension
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Singularities

® No problem for ordinary stars: geometric
radius is always larger than Schwarzschild
radius. E.g. for the sun




Light deflexion

Light ray is deflected when passing a massive object

Lichtstrahl

First observed in 1919 at a solar eclipse
Modern observations with quasars

Explains phenomenon of gravitational lensing
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Questions

® VWhat does it mean when space and time
change their role (t < r in a black hole)?

® How important are black holes in terms of
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Early Cosmology

The Schwarzschild solution
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