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Chapter 3. General Relativity: The

Geometry of Curved Spacetime

Note. As we have seen, the Special Theory of Relativity deals only with inertial

(unaccelerated) observers. Such observers cannot be under the influence of a grav-

itational field, and one might say that special relativity describes the mechanics in

a massless universe!

Einstein with his field equations, the original 1916 paper in German, and an English translation.

Images are from www.amnh.org/exhibitions/einstein/,

hermes.ffn.ub.es/luisnavarro/nuevo maletin/Einstein GRelativity 1916.pdf, and

myweb.rz.uni-augsburg.de/∼eckern/adp/history/einstein-papers/1916 49 769-822.pdf,

respectively. (Accessed July 3, 2016.)
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Note. In order to deal with accelerating frames of reference or frames of reference

under the influence of gravity, the Special Theory of relativity has to be extended.

This was accomplished by Einstein in his “Die Grundlage der allgemeinen Rela-

tivitätstheorie” (“The Foundation of the General Theory of Relativity”) in Annelan

der Physik (Annals of Physics) 49(7), 1916. As we will see, he considered gravity

not as a force, but as a curvature of spacetime. Falling objects, planets in orbits,

and rays of light then are observed to follow geodesics in curved spacetime. (Sur-

prisingly, the picture on the cover of the text is a “straight” geodesic in a curved

spacetime!) An English translation of Einstein’s paper appears in The Principle of

Relativity: A Collection of Original Memoirs on the Special and General Theory of

Relativity by H. A. Lorentz, A. Einstein, H. Minkowski, and H. Weyl, Dover Pub-

lications (1952). This is a republication of the 1923 publication by Methuen and

Company. It also includes Einstein’s 1905 paper on special relativity, Einstein’s

1905 paper on “E = mc
2, and Minkowski’s 1908 address to the 80th Assembly of

German natural Scientists and Physicians, “Space and Time,”in which he defines

the currently-named “Minkowski spacetime.” Most of the work can likely be found

online (the web link to the 1916 paper given above is to a reprint from the Dover

book).

The Principle of Relativity: A Collection of Original Memoirs on the Special and General Theory

of Relativity by H. A. Lorentz, A. Einstein, H. Minkowski, and H. Weyl, Dover Publications

(1952).
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Note. After some introductory material, we will discuss geodesics in the semi-

Riemannian 4-manifold of spacetime (Section 6) and “outline” the reasoning which

lead Einstein to his field equations (Section 7). We will then solve the field equations

outside an isolated sphere of mass M . Finally, we’ll explore orbits and the “bending

of light” under the General Theory of Relativity.
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