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(General Relativity cannot be learned by using only one textbook. You need to have at least five of them open at the same time...
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Video Lectures on the General Theory of Relativity

Long and shorter videos on selected topics, problems, and computer exercises.

Virtual lectures by the instructor on selected topics, problems and computer exercises, supplementing the material presented in class. This is

an ongoing effort, and you should expect the list to grow in time. Next to the video links, you will find links to transparencies, Mathematica &
Maxima notebooks and other relevant material used in the videos.

You can also find the videos in a youtube video list. A separate list with computer exercises using Mathematica, can be found here. The list
below contains all the videos in those lists, together with some metadata.

« Unit 1: Differential Geometry
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. Manifolds: Differential Manifolds, topological spaces, charts, transition functions, atlaseg. (Slides) /e \ J € .S
. Vectors: Vectors as tangent to curves, tangent space, coordinate basis, component tran3fegmatiorfs, vector fields, integral curves,

Lie bracket, Lie derivative. (Slides)

. One forms and tensors: One forms as linear maps on TM, cotagent space, gradient of a function, coordinate bases, tensors,

tensor product, contractions, (anti)symmetrization. (Slides)

. Differential forms: Differential forms and form fields, wedge product, exterior derivative, interior product, Levi-Civita tensor, duality,

Hodge-star operator. (Slides)

. Maps: Maps between manifolds, and pullback/pushforward of tensors.
. Diffeomorphisms: Diffeomorphic manifolds, pullback/pushforward of tensors, Lie Derivative, components of the Lie derivative in a

coordinate basis. (Slides)

. Lie Dierivatives: Proof of LW = [V, W], Ly-f = VI f). Computation of £yw. Geometric interpretation of £1-W and

[V, W]. (Slides)
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Equivalence Principle

Experiments in a sufficiently small freely falling laboratory, over a
sufficiently short time, give results that are indistinguishable from
those of the same experiments in an inertial frame in empty space.
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Ligght ==
A Distant Source . ) bg:; by
Light leaves a young, $ : ~y gravity

star-forming blue galaxy near
the edgs of the visible universe.

A Lens
Of ‘Dark Matier'
Some of the light
passes through a large
cluster of galaxies and sur-
rounding dark migtter, directly in the i
line of sight between Earth and the : 2 3 m"‘,
distant galaxy. The dark matter's gravity : ;e : AT
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Focal Point:
Earth

Wost of this light is
scatterad, but somea is
focused and directed toward
Earth. Obsarars see multiphe,
distorted images cf the background
galaxy,
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60sinu + 5 cosucosvsinu — 5 cos® u cos v sin u—
80 cos’ u cos vsinu + 80 cos’ ucosvsinu)
2
2(u,v) =TF (3 +5cosusinu)sinv

odcU<Ln 0 <V

wikipedia.org/wiki/Klein_ bottle
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4-D non-intersecting |edit] 84'4 I:C_O‘{Jma i rR
A non-intersecting 4-D parametrization can be modeled after that of the flat torus:
6 . 9
=i ( coB B COS ¥ — sin 5 sin 2v

0 0
y = I (sin 5 COS U + COS 5 sin2v)

2= Pcosf (1 + esinv)
w = Psinf (1 + esinv)

wikipedia.org/wiki/Klein_ bottle



