
The city of Prague is very fine, so beautiful that it is worth a long journey for
itself.

AE to his friend M. Besso, 13th May 1911

I have a magnificent institute here in which I work very comfortably.
Otherwise it is less homey (Czech language, bedbugs, awful water, etc.).
By the way, Czechs are more harmless than one thinks.

AE to M. Grossmann, 27th April 1911
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Einstein’s Days and Works in Prague:
Relativity Then and Now

“The price of achievment is toil†; and
the gods have ruled that you must pay
in advance”

Hesiod (7th cent. BC)
Works & Days

† Schinderei, Plage, Rackerei

Einstein paid much in Prague
Days: April 1911 – July 1912

Works: Principle of
Equivalence
light bending
(observable)
dragging of inertial
frames
features of a future
theory of gravity
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The building of Philosophical Faculty
of the German University in Prague, Viničná

University

Philipp Frank: Einstein, His Life and Times
(A. Knopf, New York 1947)
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The building of Philosophical Faculty
of the German University in Prague, Viničná

University
psychiatric asylum

Philipp Frank: Einstein, His Life and Times
(A. Knopf, New York 1947)
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Participants at the Einstein centenary celebrations in 1979 at the Charles
University in Prague:

J.A. Wheeler,
A. Traut-
mann,
Mrs. Melcher,
E. Schmutzer,
J. Langer,
M. Bergmann,
P. Bergmann,
H. Melcher
(from left to
right)
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Why and how invited do Prague

Charles University from
1348 – one educational
centre for Czechs,
Germans, Poles. . .

In 1882 divided into the
Czech and German
parts; in 1911
4432:1844 students.

In German part –
F. Lippich math 
theor. physics A.Lampa
(“Machian”),
G. Pick (gµν ).

Planck’s letter,
confession, library
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Impact on Czech culture: Karel Čapek (1890-1938)

Alan J. Friedman, Carol C. Donley: Einstein as
myth and muse Cambridge University Press 1985

From use of the profoundly wrong aphorism
“everything is relative”, to intricate. . . the
possibilities of Einsteins. . .

A remarkable early exposition of the
possibilities appeared in 1924, with Karel Čapek’s
novel, Krakatit

Einstein, Rutherford, Planck, Borh and Millikan
The technical details are as accurate as they

could be in the early 1920’s, and atomic energy is
correctly seen as as a possibility emerging from the
radioactivity work of Becquerel and Rutherford,
and not from Einstein’s theories

It appeared that he was moving with the
minimum velocity of light; in some way his heart
was compressed. . . Fitzgerald – Lorentz contraction

Einstein’s universe
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Max Šabinský (1873-1962)
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Impact on Czech Physics & Astronomy

A. Dittrich, A. Žáček — popular texts on special relativity 1912 (in Czech)
K. Nachtikal: Principle of Relativity 1922 (in Czech)
F. Záviška: Einstein’s principle of relativity and theory of gravity 1925
F. Link – astronomer – in Comptus Rendus in March 1936
on gravitational lenses (AE in Science December 4, 1936)
V. Hlavatý (Louny 1894 - Bloomington 1969) – differential geometry, unified
theory
M. Brdička (1912-2007): “On gravitational waves”, Proc. Roy. Irish Acad
(1951)
see G. Gibbons, C. Rugina: Coryacher-Chaplygin, Kovalevskaya, and
Brdička-Eardley-Nappi-Witten pp-waves spacetimes with higher rank
Stäckel-Killing tensor, J. Math. Phys 52, 122901 (2011)
K. Kuchař, Canonical gravity 1968 Princeton, SLC
Today:

Faculty of Mathematics and Physics (Theoretical Physics, Astronomy)
Academy of Science (Institute of Astronomy, Mathematical Institute)
Silesian University
Masaryk University
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Lectures and seminars of Albert Einstein in Prague

Title No. of students

20.4.1911 –
end of July
1911

Mechanik diskreter Massenpunkte (3h) 13

Thermodynamik (2h) 12

Seminar 6

19.10.1911 –
Wednesday
before Palm
Sunday 1912

Mechanik diskreter Massenpunkte (3h) 12

Wärmelehre (2h) 13

Seminar 7

12.4.1912 –
end of July
1912

Mechanik der Kontinua (2h) 10

Molekulartheorie der Wärme (3h) 11

Seminar 7
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Prague’s work of Albert Einstein

On thermodynamics, radiation theory and quantum theory
1 Elementare Betrachungen über die thermische Molekularbewegung in festen

Körpern
Ann. d. Phys. 35 (1911), 679-694.

2 État actuel du problème des chaleurs spécifiques
Insituts Solvay, Conseil de Physique, Rapport et discussions de la Réunion
Solvay, 1911; Paris, Gauthiers 1912, 407-435.
Zum gegenwärtigen Stande des Problems der spezifischen Wärme, Deutsche
Bunsengesellschaft, Abhandlungen, Nr. 7 (1914), 330-364.

3 Thermodynamische Begründung des photochemischen Äquivalentgesetzes,
Ann. d. Phys. 37 (1912), 832-838.

4 Nachtrag zu meiner Arbeit: “Thermodynamische Begründung des
photochemischen Äquivalentgesetzes”,
Ann. d. Phys. 38 (1912), 881-884.

5 Antwort auf eine Bemerkung von J. Stark: “Über eine Anwendung des
Planckschen Alementargesetzes”,
Ann. d. Phys. 38 (1912), 888.
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Prague’s work of Albert Einstein

On the theory of relativity and gravitation
1 Die Relativitäts-Theorie,

Vierteljahr. d. Naturf. Ges. Zürich 56 1911, 1-14.

2 Zum Ehrenfestschen Paradoxon,
Phys. Z. 12 (1911), 509-510.

3 Über den Einfluss der Schwerkraft auf die Ausbreitung des Lichtes,
Ann. d. Phys. 35 (1911), 898-908.

4 Lichtgeschwindigkeit und Statik des Gravitationsfeldes,
Ann. d. Phys. 38 (1912), 355-369.

5 Zur theorie des statischen Gravitationslfeldes,
Ann. d. Phys. 38 (1912), 443-458.

6 Gibt es eine Gravitationswirkung, die der elektrodynamischen
Induktionswirkung analog ist?
Vierteljahrsschrift für gerichtliche Medizin 44 (1912), 37-40.

7 Relativität und Gravitation: Erwiderung auf eine Bemerkung von
M. Abraham,
Ann. d. Phys. 38 (1912), 1059-1064.
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About the special and general theory of relativity in plain
terms (Czech translation)
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About the special and general theory of relativity in plain
terms (Czech translation)
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About the special and general theory of relativity in plain
terms (Czech translation)

Einstein’s foreword to the
Czech edition of 1923 of his
famous little popular book
“About the Special and
General Theory of Relativity
in Plain Terms”
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The principle of equivalence
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Redshift
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A. Einstein: Creator & Rebel (Banesh Hoffmann)

In the paper of
1907. . . Einstein had
already begun his
attack on the
problem of
acceleration, and he
returned to it in his
Prague paper of
1911. His
arguments,
particularly in its
1911 form, must
rank as one of the
most remarkable in
the history of
science.
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Mark Twain
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The principle of equivalence – present day formulation

test bodies fall with the same acceleration independently of their structure or
composition (WEP)
the outcome of any local non-gravitational experiment is independent of:

the velocity of the local inertial frame in which it is performed (LLI)
of where and when in the universe is performed (LPI)

Cliff Will, Living Reviews

The present best limits on

η =
aA − aB

1
2 (aA + aB)

{
(0.3± 1.8)× 10−13, Eöt-Wash

(−1.0± 1.4)× 10−13, LLR (1)
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Test of weak equivalence principle

Test of weak equivalence
principle
C. Will, Living reviews in
general relativity (2006)
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Satellite Test of Equivalence Principle
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Space > 5 Orders of Magnitute Leap (Everitt)
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Bending of light

Prag, Juni 1911.

(Eingegangen 21. Juni 1911.)
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Max Pechstein:
Bildnis des Erwin Finlay Freundlich, 1919
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Bending of light
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The parameter γ

Cliff Will, Living Reviews (2006)

A 2004 analysis of ≈ 2 milion
VLBI observations of 541
radio sources at 87 VLBI
sites:

γ − 1 = (−1.7± 4.5)× 10−4

Scalar-tensor theories must
have

ω > 40000

to be compatible

γ =
1 + ω

2 + ω
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Physics Today, March 2009
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Gravitational collapse
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Einstein’s ring

ESA / Hubble & NASA
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Collision of 2 galaxy clusters (1E0657-558)

Cowley et al (2006)
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On the history of gravitational lensing

Einstein’s Scratch Notebook 1912

Notes by Eddington 1920,
Chwolson Astron. Nacht. 1924

Einstein, Science, December 4 1936
“Lens-like Action of a Star by the Deviation of Light in the Graviatational
Field” – interaction with a Czech amateur scientist Rudi Mandl
J. Renn, T. Sauer, J. Stachel: On the Origin of Gravitational Lensing:
A Postscript to Einstein’s 1936 Science Paper, Science 1997

Detailed account in
J. Renn, T. Sauer: “Eclipses of the Stars – Mandl, Einstein, and the Early
History of Gravitational Lensing” in “Revising the Foundations of Relativistic
Physics – J. Stachel’s Festschrift” Ed. A. Ashtekar et al, Kluwer (2003)
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František Link

ρ∞ =
√

Kkα1 corresponds to angular size of Einstein ring ΘE

Link F.: Comptus Rendus 202 (16 Mar 1936), 917-919
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Sur les conséquences photométriques de la déviation
d’Einstein

Link, F.: Bulletin Astronomique 10 (1937), 73-90
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František Link
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Prague works on gravitation 1912

“The speed of light and the statics of the Gravitational Field”
(received 25 Feb)

On the Theory of the Static Gravitational Field and “Note added in Proof”
(reviewed 23 March)

Is There a Gravitational Effect which is Analogous to Electrodynamic
Induction (published July)

Relativity and Gravitation. Reply to a Comment by M. Abraham
(received 4 July)
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Prague works on gravitation 1912

I(τ, ξ, η, ζ)
K(t, x, y, z)

assume ξ = λ(x) + α(x)t2 + O
(
t3
)

τ = β(x) + γ(x)t + δ(x)t2 + O
(
t3
)

η = y, ζ = z At t = 0, ξ = 0, x = 0

ds2
I = −c2

∗dτ
2 + dξ2 + dη2 + dζ2 , c∗ = 1

ds2
K = −c2(x)dt2 + dx2 + dy2 + dz2

from
ds2
I = 0 ⇔ ds2

K = 0 ⇒ ξ = x + 1
2 act2 , τ = ct , c = c0 + ax
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Today

Today transformation to the rigid uniformly accelerated (“Rindler”) frame

ξ = 1
a (cosh at − 1) + x cosh at (2)

τ = 1
a sinh at + x sinh at (3)

for small t (i.e. neglecting O
(
t3
)
)⇒ Einstein’s Prague transformation

boost – rotation symmetric spacetimes
radiative

plausible Newtonian limit

asymptotically flat

C-metric

etc.
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Equations for static gravitational field

Equation for static gravitational field

∆c = 0 (in vacuum) ∆c = kcρ (in matter)

contradictions with conservation of energy and momentum (
∫
~f dV 6= 0,

where~f = −ρ grad c)
⇒ modification of the field equation

∆c = k

[
cρ+

1
2k

grad2c
c

]

⇒ nonlinear field equation
“local view” on the equivalence principle

ξ = x +
1
2

c
dc
dx

t2, c(x) arbitrary

see D. Giulini’s talk this afternoon
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Dragging of intertial frames

See D. Lynden-Bell, H. Pfister,
C. Schmid this afternoon
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Gravity Probe B
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Relativität and Gravitation. Erwiderung. . .

Allerding scheint der Weg zu diesem Ziele ein recht schwieriger zu sein. Man sieht
schon aus dem bischer behandelten, höchst speziellen Falle der Gravitation ruhender
Massen, daßdie Raum-Zeit-Koordinaten ihre einfache physikalische Deutung
einbüßen werden, und es ist noch nicht abzusehen, welche Form die allgemeinen
raumzeitlichen Transformationsgleichungen haben könnten. Ich möchte alle
Fachgenossen bitten, sich an diesem wichtigen Problem zu versuchen.
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Prague, summer 1912

1 local significance of equivalence
principle

2 eqs. of motion for mass points
(variational principle),
eqs. of elmag. field when gravity is
present

3 nonlinear field eq. for gravity
(energy density of gr. field itself as
source)

4 all equations must be form invariant
with respect to a larger group than
Lorentz group

5 spacetime coordinates loose their
simple physical meaning

(but) gravitation described wholly
by one function — (variable) speed
of light — and static (stationary)
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Philosopher – Scientist

This happened in 1908. Why were another seven
years required for the construction of the general
theory of relativity? The main reason lies in the fact
that it is not so easy to free oneself from the idea that
co-ordinates must have an immediate metrical
meaning. The transformation took place in
approximately the following fashion.
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Zurich, winter 1912

cooperation with M. Grossmann
gravitation described by 10 functions

gµν

1 eq. of geodesics

δ

∫ √
−gµνdxµdxν = 0

2 Maxwell eqs. in gr. field invariant
under xµ ⇒ x′µ(xν)

3 the source of gravity Tµν

Tµν
;ν = 0

4 field equations

Γµν = κTµν
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Einstein Field Equations

“Belatet Decision in the Hilbert-Einstein Priority Dispute”, L. Corry,
J. Renn,. . . Science 278, 14 Nov 1997
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Lidové noviny, Saturday 15th May 2004

An article about Einstein in Lidové noviny
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From: Day-by-Day Summary of Johanna Fantová’s Journal

April 13, 1954 Expresses annoyance at
Oppenheimer for letting the McCarthy and
Atomic Energy Commission affairs bother
him so much. Already told the press that he
has great respect for Oppenheimer, both as a
human being and as a scientist.
October 24, 1954 He calculated like crazy
again today but accomplished nothing.

The last but one (AE died in the night,
April 18, 1955): April 10, 1955 He tried all
day to compose a radio message on behalf of
Israel and did not succeed in finishing it. He
claims he is totally stupid – that he ha always
thought so, and that only once in a while was
he able to accomplish something.
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Einstein’s course, J. Florian Publisher

Einstein’s course (Eddington,. . . ),
Stará Řı́še, September 1926
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Otokar Březina

There will always be minds who, by the united
force of knowledge and dreams, science and
poetry, will strive for a unified picture of the
universal processes, an image that in equal
measure corresponds both to the eternal longing
of the human mind for harmony and beauty and
to the thirst of the heart for justice.

Otokar Březina (in the letter to F. Novotný,
February 7, 1920)
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Einstein’s Days and Works in Prague:
Relativity Then and Now

Overture: Biography & Culture

1st Movement: Lectures & Papers

2nd Movement: Principle of Equivalence

Light bending

3th Movement: Dragging of inertial frames

4th Movement: Uniform acceleration & static fields

Finale: Basic features of a theory of gravity

Coda
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