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Abstract: Albert Einstein developed the general theory of relativity 100 years ago as an answer to fundamental problems of contemporary physics.
Y et the theory remained a marginal phenomenon of physics, especialy in comparison to quantum theory, until the second half of the 20th century.
That's when the renaissance in general relativity combined with the rise of relativistic astrophysics, turning general relativity into akey instrument in
astrophysics. This talk will trace the genesis of general relativity, look at Einstein's research and the work of many other scientists who contributed

to the theory, and show how general relativity eventually became not only a highly active field of research but one of the principal challengesto the
conceptua unification of physics.
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Important steps in the development of relativity

Special (General
relativity relativity

1905 1907 1912 1913 1915

idea of a metric tensor Entwurf
generalized represents theory
relativity gravitational

principle potential

Jurgen Renn, 06/2015 Perimeter Institute Convergence Meeting, Waterloo
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A challenging problem for a
relativistic theory of gravitation
encountered in 1907:

A special relativistic theory of
gravitation did not seem to do
justice to Galileo’s principle that all
bodies fall with the same
acceleration.

Jurgen Renn, 06/2015
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1907: the Equwalence Principle

By simulating gravity in
terms of acceleration
Einstein tried to preserve
(alileo’s insight that all
bodies fall with the same
acceleration:

A generalized principle of
relativity?

Jurgen Renn, 06/2015 Perimeter Institute Convergence Meeting, Waterloo
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The social roots of Einstein’s original perspective:

Anna and Michele Besso

Perimeter
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Prague Notebook 1912

Following the example
of electromagnetic
field theory:

FIELD = - GRAD (POT)

DIV (FIELD) = SOURCE

ACCELERATION = FIELD

Pirsa: 15060009
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‘What Einstein said he did in 1949 seems to fit with what he

O A i

O In his first November 1915 communication to the Berli q}/’ cademy, l-‘1 nstein Juf

had found his new field equations by picking the mathema atically most natu

“| completely lost confidence in the field equ
,rxja@A/Ju;*”i% eory] wﬂﬂ}d'@o <ed for a way that wou \ d constrain
the possibilities in a natural manner. | was thus led back to the
demand of a more general covariance of the field mf&; ions,
which | had abandoned with a "E“i‘.-”e"%’«?\"/)‘j/”‘-*@’ rt three s/w 'S ago
when | was ¢ cﬁlw@ ting with my friend Grossmann. In
'nblké then we already came very close to the
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Einstein double strategy

= == atical

shared Generalized
mathematical Relativity

knowledge Principle

Conservation Correspondence

Principle Principle knowledge

Einstein’s double strategy arose from the different roles of the heuristic
requirements of generalized relativity, conservation, and correspondence

Jurgen Renn, 06/2015 Perimeter Institute Convergence Meeting, Waterloo
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Hitting on the final solution
and not recognizing it!

The linearized Einstein
equations in the winter of

1912/13.

Einstein abandons the
mathematical strategy and
turns to the physical strategy.

Zurich Notebook, p. 20L

Jurgen Renn, 06/2015 Perimeter Institute Convergence Meeting, Waterloo
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The
tinkering

phase

fall 1912

Pirsa: 15060009

The
systematic
searching
phase

late 1912
to early 1913

The
consolidation

to mid 1915

Jurgen Renn, 06/2015
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Notes by Michele Besso on discussions with Albert Einstein about the ‘Entwurf’ theory, August 1913
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The creation of General
Relativity was a team-
effort:

Grossmann, Besso, Bernais,
Fokker, Abraham,
Nordstrom, Hilbert

O
B

“The fraternity of physicists behaves rather passively with respect to my gravitation paper.
[...] Laue is not open to the fundamental considerations, and neither is Planck, while
sommerfeld is more likely to be so. A free, unprejudiced look is not at all characteristic of
the (adult) Germans (blinders!).”

Einstein to Michele Besso, January 1914

Jirgen Renn, 06/2015 Perimeter Institute Convergence Meeting, Waterloo
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Happy End'P

Einstein with the director of the Mount
Wilson Observatory (Walter S. Adams, in
the middle), 1931

Jurgen Renn, 06/2015 Perimeter Institute Convergence Meeting, Waterloo
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Einstein’s Master
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