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

AE to his friend M. Besso, 13" 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, 270 April 1911

Einstein’s Days and Works in Prague: Relativity Then and Now
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& Einstein’s Days and Works in Prague:

Relativity Then and Now

HES/OD (75 cent

sy WED : e gods have ruled that you must pay
/ = 99
b sR2egs” in advance .
| THE PRICE e Hesiod (7™ cent. BC)
ERaS e uCTe Works & Days
/s rorr”; awp) Cons wave RULED

THAT you musT PAY W Azmvcf t Schinderei, Plage, Rackerei

SUMMARY ¢ Einstein paid much in Prague

Days: April 1911 - July 1912
age s April 19 = juty 1902 Works:
Baps 2%

EINSTEIN PAD MUCH IN PRACUE
E/NSTEIN PAD MUCH NV TR

o Principle of

Equivalence
Works: Principk of Epuivafince, o light bending
/99},# benting (observall); Sragping

of incctra /74-= mes; features of

(observable)
& /A—‘i‘ure i‘})ecy a/fmvi/

Q dragglng of inertial

%) Sehinderes, Fafly Rackere!

Einstein’s Days and Works in Prague: Relativity Then and Now



Einstein’s s and Works in Prague

The building of Philosophical Faculty
of the German University in Prague, Vini¢na

University

Philipp Frank: Finstein, His Life and Times
(A. Knopf, New York 1947)

Einstein’s Days and Works in Prague: Relativity Then and Now
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The building of Philosophical Faculty
of the German University in Prague, Vini¢na

psychiatric asylum
University

Philipp Frank: Finstein, His Life and Times
(A. Knopf, New York 1947)

Einstein’s Days and Works in Prague: Relativity Then and Now




J.A. Wheeler,
A. Traut-
mann,

Mrs. Melcher,
E. Schmutzer,
J. Langer,

M. Bergmann,
P. Bergmann,
H. Melcher
(from left to
right)

Einstein’s Days and Works in Prague: Relativity Then and Now o5
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Why and how invited do Prague

1348 — one educational
centre for Czechs,
Germans, Poles. . .

o 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 (guv).

o Planck’s letter,

Hhe it o herr feh I,, Vz/lgM':;; “
Vsl f o Meapisy , Berta Fanta ‘s Kouse
. Koflom o tlax Broy b
ke Brabe s h#y za & ope (1915)

[/..‘.’ﬁ, Shertba res Leben (lu‘(;{"“,';g/

i ra V?
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Blan L Fricdman, Carel €. Ponk
SINSTEIN RS NYTH Bb NUSE

Camibergpe . P 1945

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 Capek’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 movmg with the

Approaches torelativity in fcton

short stor
A remachable caty expositon ofthe pssiblies sppeared in 1921,

with s novel, Krakait (tanshaicd ioto English the
oo Yoo o s of s ad echoiop was

including Einstein, Rutherford, Planck, Boh, and Millika. The

energy, and whois pursued by those who would use his discovery for
T

beia e cuy 1o,

crging from the rdica
Ruherord, and 00t from Einstcn's the
i much subsequen fiction and popular
abou

i sl s
of Besquerel and
a distinction lacking.
tments. Speculations
wil

Tt Laveaio, Prokop, & tora inthe iaditious iragge etween
God and the devilfor his soul and his discovery. Prokop's bewilder-

from relativity
Inside his head the blows had become faster and more
painful.

Jsppeard s he wes ovin ith he minimum vlocity

olshin

represented in the novel by the new physics. Towards the end of the

Einstein’s Days and in Prague: Relativity Then and Now
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Max Sabinsky (1873-1962)

Einstein’s s and Works in Prague: Relativity Then and Now
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Impact on Czech Physics & Astronomy

F. Zaviska: 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. Hlavaty (Louny 1894 - Bloomington 1969) — differential geometry, unified
theory

M. Brdicka (1912-2007): “On gravitational waves”, Proc. Roy. Irish Acad
(1951)

see G. Gibbons, C. Rugina: Coryacher-Chaplygin, Kovalevskaya, and
Brdicka-Eardley-Nappi-Witten pp-waves spacetimes with higher rank
Stickel-Killing tensor, J. Math. Phys 52, 122901 (2011)

K. Kuchaf, Canonical gravity ~~ 1968 ~~ Princeton, SLC

Today:

o Faculty of Mathematics and Physics (Theoretical Physics, Astronomy)

o Academy of Science (Institute of Astronomy, Mathematical Institute)

Einstein’s Days and Works in Prague: Relativity Then and Now W
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Lectures and seminars of Albert Einstein in Prague

20.4.1911 — Mechanik diskreter Massenpunkte (3h) 13
end of July Thermodynamik (2h) 12
1911 .

Seminar 6
19.10.1911 - Mechanik diskreter Massenpunkte (3h) 12
Wednesday R
before Palm Wirmelehre (2h) 13
Sunday 1912 Seminar 7
12.4.1912 — Mechanik der Kontinua (2h) 10
end of July Molekulartheorie der Wirme (3h) 11
1912

Seminar 7

Einstein’s Days and Works in Prague: Relativity Then and Now
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Prague’s work of Albert Einstein

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

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

@ Thermodynamische Begriindung des photochemischen Aquivalentgesetzes,
Ann. d. Phys. 37 (1912), 832-838.

@ Nachtrag zu meiner Arbeit: “Thermodynamische Begriindung des
photochemischen Aquivalentgesetzes”,
Ann. d. Phys. 38 (1912), 881-884.

@ Antwort auf eine Bemerkung von J. Stark: “Uber eine Anwendung des

Planckschen Alementarcecet7zes’

Einstein’s Days and Works in Prague: Relativity Then and Now
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Prague’s work of Albert Einstein

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

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

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

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

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

@ Relativitit und Gravitation: Erwiderung auf eine Bemerkung von

Einstein’s Days and Works in Prague: Relativity Then and Now
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About the special and general theory of relativity in plain
terms (Czech translation)

ALBERT AVISBSESRAT EL I NUSETEESISN

EINSTEIN

THEORIE RELATIVITY
SPECIALNi 1 OBECNA
: Theorie Lehce srozumitelny vyklad
RELATIVI TY
S‘PECIELN[-OBECN f Se zvladtni pfedmluvou autorovou
k Eeskému vydéni

Nakladatel

FR.BOROVY.PRAZE : Nakladatel Fr. Borovy v Praze

Einstein’s Days and Works in Prague: Relativity Then and Now 5
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About the special and general theory of relat
terms (Czech translation)

VORWORT
DES AUTORS ZUR TSCHECHISCHEN AUSGABE.

Es freut mich, daB das Kleine Bilchlein, in dem
die Hauptgedanken der Relativititstheorie ohne die
mathematische Durchfilhrung dargestellt sind, nun in
der Nationalsprache desjenigen Landes erscheint, in
dem ich die notige Sammlung fand, um dem schon
seit 1908 gefabten Grundgedanken der allgememen

ie allmahlich cine Fort
zu geben. In den stillen Rdumen des Theoreisch-
Physikalischen Instituts der Prager Deutschen Univer-
sitat in der Viniénd ulice kam ich 1911 auf die Ent-
deckung, daB das Aquivalenzprinzip eine Ablenkung
der Lichtstrahlen an der Sonne von beobachtbarem
Betrage verlangt, ohne zu wissen, daf mehr als hundert
Jahre vorher eine #hnliche Konsequenz aus der Newton-
schen Mechanik in Verbindung mit Newtons Emis-
sionstheorie des Lichtes gezogen worden war. Auch
die immer noch nicht einwandfrei bestitigte Kon-
sequenz von der Rotverschiebung der Spektrallinien
entdeckte ich in Prag. Den entscheidenden Gedanken
von der Analogie des mit der Theorie verbundenen
mathematischen Problems mit der GauBschen Flachen-
theorie hatte ich allerdings erst 1912 nach meiner
Rilckkehr nach Zilrich, ohne zunéchst Riemanns und
Riccis, sowie Levi-Civitas Forschungen zu kennen.
Auf diese wurde ich erst durch meinen Freund GroB-
mann in Zrich aufmerksam, als ich ihm das Problem
stellte, allgemein kovariante Tensoren aufzusuchen,
deren Komponenten nur von Ableitungen der Koeffi-
zienten der quadratischen Fundamentalinvariante ab-
hangen. Heute scheinen sich Leistungen und Leistungs-

a

grenzen der Theorie schon klar iibersehen zu lassen.
Sie liefert tiefe Erkenntnisse iber die physikalische
Natur von Raum, Zeit, Masse, Gravitation, aber kein
hinreichendes Mittel zur Losung des Problems der
Quanten und der atomistischen Konstitution der elek-
trischen Elementargebilde, aus denen die Materie
besteht.

A. Einstein.

Einstein’s Da
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About the special and general theory of relativity in plain

terms (Czech translatio

Prague stage of hus journey to the general theory of relativity ? First
of all, there is a precious document — 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” (sec
the opposite page for the nal German text) §7 am pleased that this
small book, in which the ideas of the theory of relativity are explained
without mathematical elaboration, should now appear in the native language
of the country in which I found the necessary concentration for developing the
basic idea of the general theory of relativity which I had already conceived
in 1908. In the quict rooms of the Institute of Theoretical Physics of Prague’s
German University in Vinitnd Street, 1 discovered that the principle of
equivalence implies the deflection of light rays near the Sun by an observable
amount, without at that time knowing that a similar result had been derived
Sfrom Newton’s mechanics and his corpuscular theory of light. In Prague
1 also discovered the shift of spectral lines towards the red which is not yet
completely confirmed. However, the decisive idea of the analogy between the
mathematical formulation of the theory and the Gaussian theory of surfaces
came to me only in 1912 after my return to Zirich, without being aware at

that time of the work of Riemann, Ricci, and Levi-Civita. This was first
brought to my attention by my friend Grossmann when I posed to him the
problem of looking for generally covariant tensors whose components depend
only on derivatives of the ients of the quadratic fund. ! invariant.
1t now appears that it is already possible to evaluate the achievements and
limitations of the whole theory. It gives a deep knowledge of the physical
nature of space, time, matter and gravity; however, it does not provide
sufficient means for solving the problems of quanta and of the atomic constitu-
tion of the clementary electric units of which matter is composed.” )

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”

Einstein’s Da orks in Prague: Relativity Then and Now
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The principle of equivalence

EINSTEIN - Gravitation /s wuniversal

7

TI70777077777777757%
a? res’# /n Aomyeﬁeaas
;mw‘fa#anae freld

in uniform/ acaleraled
motion in,empty space”
(/n /nerhal frame )
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Redshift

Red shift= (191, Py f/ @/= {}"/

il B~
P i

A A

FOOOP I
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A. Einstein: Creator & Rebel (Banesh Hoffmann)

A.E 154 [ U ber den Linfluss der Schwerbraft.. lzn;f C"?

already begun his

attack on the SoAange wir wns a.u/ resn mecharnssche
problem of Vorodnoe aus dem GCulbbgkesfsbereich veon Newns

Mech anik bescéfa"ﬂ"rn, sind wir ofer Gkrch-
Wert‘?/ée,‘t oer {);ﬁme K und K’ sicher Unsere

acceleration, and he

returned to it in his

Prague paper of Buffossung wird fdoch nur dann Ziefore
1911. His Beolewtuny haben, wenn die Systerme Kanat K
arguments, " beca Qu/ a//e/oé/n,éq//:oém Vorgange

particularly in its
1911 form, must
rank as one of the

plerchwerdy sinel, ot b Wenn dle WNoturgesetse
n 662«.”7 q,u//( mit denen in éeey awf K ./p//[lmnq

Ebercinnshmmen. /ndem wir dies annchmen, erhaty

most remarkable in
the history of

Wir ein Prinzip, clas, Falls es wirklich 2utriglt,
eine grofe heurishsche Bedeutung besitzt,

Einstein’s Days and Works in Prague: Relativity Then and Now
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Mark Twain

Mark Twa n (¢ e o £l ssr 25007 / :

7he nice z‘/u‘;? about Scrence /S

@
hat aae/efs Such wheleSal
returns p/ Caryéc'l‘u.re ﬁxom sruch

"
a frvif'/fy invesFment d}//ﬂcf :
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The principle of equivalence — present day formulation

o the outcome of any local non-gravitational experiment is independent of:
o the velocity of the local inertial frame in which it is performed (LLI)
o of where and when in the universe is performed (LPI)

Cliff Will, Living Reviews

The present best limits on

a —ag (0.3+1.8) x 10713, Eot-Wash )
T (aa + an) (~1.0£1.4) x 10-3, LLR

¥ Prague: Relativity Then and Now
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Test of weak equivalence principle

TESTS OF THE
WEAK EQUIVALENCE PRINCIPLE

108 Esos
Renner
109 _I I Free-fall =
Fifth-force .
_— J ke | Test of weak equivalence
Boulder

principle
C. Will, Living reviews in
general relativity (2006)

Princeton Eot-Wash

aj-aj
(ag+ay)i2

1014

YEAR OF EXPERIMENT

Einstein’s Days and Works in Prague: Relativity Then and Now
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'g’

Satellite Test of Equivalence Principle

e g Satellite Test of the Equivalence Principle --
SIEER

Orbiting drop tower experiment { * More time for separation to build
* Periodic signal

Page 39

Einstein’s Days and Works in Prague: Relativity Then and Now
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Space > 5 Orders of Magnitute Leap (Everitt)

18
ks STEP o
A o effect (min.)
107 CMEiss
“Mission Success” s==p> i
<= | TeV Little String Theory
Microscope =——>>
14 i
10 === DPV runaway dilaton (max.)
102 ~9x10" o {ﬁjl{berger. etal.

Z

o
107 / Dicke

10°® Ebtvos

1750 1800 1850 1900 1950 2000
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Bending of light

908 A. Binstein. Einfiup der Schwerkraft usw.

Nach Gleichung (4) erleidet ein an einem Himmelskdrper
vorbeigehender Lichtstrahl eine Ablenkung nach der Seite
sinkenden Gravitationspotentials, also nach der dem Himmels-
korper zugewandten Seite von der GroBe

4. Uber den Einfup
it auf die g des Lichtes;
von A. Einstein.

kM
i

2k M
&4

cos F+ds =

o= ,

) ) . ) ) wobei & die Gravitationskonstante, # die Masse des Himmels-
Die Frage, ob die Ausbreitung des Lichtes durch die korpers, 4 den Abstand des Lichtstrahles vom Mittelpunkt
Schwere beinflubt wird, habe ich schon an einer vor 3 Jahren des Himmelekdrpers bedeutet. Bin an der Sonne vorbeigehender
i A zu gesucht.!) Ich komme Lichtstrahl erlitte demnach eine Ablenkung vom Betrage 4.10~¢

= 0,83 Bogensehunden. Um _diesen Betrag er-
scheint die Winkeldistanz des Sternes vom Sonnen-
mittelpunkt durch die Krimmung des Strahles
vergroBert. Da die Fixsterne der der Sonne
sugewandten Himmelspartien bei totalen Sonnen-
finsternissen sichtbar werden, ist diese Kon-
sequenz der Theorio mit der Erfahrung ver-
gleichbar. Beim Planeten Jupiter erreicht die
zu erwartende Verschiobung etwa ,,, des an-
Fig.3.  gegebenen Betrages. Ks wire dringend zu
wiinschen, da sich Astronomen der hier anf-

gerollten Frage annihmen, auch wenn die im vorigen ge-
gebenen Uberlegungen ungeniigend fundiert oder gar aben-
teuerlich erscheinen sollten. Denn abgeschen von jeder Theorie
mub man sich fragen, ob mit den heutigen Mitteln ein Einflu
itati auf die itung des Lichtes sich

(2}

(12)

Prag, Juni 1911.

er

konstatieren 1a6t.
Prag, Juni 1911.

(Eingegangen 21. Juni 1911

(Eingegangen 21. Juni 1911.)

Einstein’s Days and Works in Prague: Relativity Then and Now



Einstein’s Days and Works in Prague

Max Pechstein:
Bildnis des Erwin Finlay Freundlich, 1919

rague: Relativity Then and Now
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Schwarzschild Metric

(Commuricated Jan. 13, 194¢)

&) ds -—(/— %/dflfﬁzdr',«rw

Inp. ). Droste (student of HA Lorent), Moy 796

Impact on ceperimenZal refataty

EtetingTon, Robertsor ,... wert PPN
t.mmvfo'«d,aﬁ‘_//em‘»ﬁh

~p Aimrensionless paramelers > cgperrmeat

bl foness
Be smplest /enrr.//eaf‘en o () (w A A =,

el Yoz g FJ g

(‘ihj

cncral 70 PPN jaram cte )

By . - Boviace of e prricrke
ap = F2r3p-f) TN fact-e)

7o 7al deflechon of waves

—T%
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The parameter ~

THE PARAMETER (l+y)/2
WP T ]
T adio | pEFLECTION

1.00 [ ‘|V .L = ! **\*
A I TR

Hipparcos

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

y—1=(-1.7+45)x107*

Scalar-tensor theories must
have

PSR 1937+21

SHAPIRO
TIME
DELAY

w > 40000

to be compatible

(1X10-5)
095 |- -
| | | | | | |

1940 1950 1970 1980 1990 2000

YEAR OF EXPERIMENT

i
1 Jl Viking Cassini
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Physics Today, March 2009

¥

P_Ajr.r/cs my ; /Varcé .20177

Testing relativity from
the 1919 eclipse—

e a question of bias
article

Daniel Kennefick
When interpreting experimental results, context is everything. The researchers who took and

analyzed the most important eclipse data had good reasons for judging the experiment a victory
for Albert Einstein.

Daniel Kennefick is an assistant professor of physics at the University of Arkansas at Fayetteville.

Einstein’s Days and Works in Prague; Relativity Then and Now
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Einstein’s

Gravitational collapse

BLHCK Hour
e

EVEnT HoR/ 204

;oly-r/'n/ mn/ﬁr

Prcyae 1911

Colapsus pretes 2072
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v
%& Einstein’s ring
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Collision of 2 galaxy clusters (1E0657-558)

6"58M42° 36

FiG. |.—Lefi panel: Color image from the Magellan images of the merging cluster 1E 0657558, with the white bar indicating 200 kpc at the distance of the
of the cluster. Shown in green contours in both panels are the weak-lensing « reconstructions, with the outer contour
n steps of 0.07. The white contours show the errors on the positions of the k peaks and correspond to 68.3%, 95.5%, and

99.7% confidence levels. The blue plus signs show the locations of the centers used to measure the masses of the plasma clouds in Table 2

Cowley et al (2006)

Einstein’s Days and Works in Prague: Relativity Then and Now 2752
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On the history of gravitational lensing

o Einstein’s Scratch Notebook 1912

@ Notes by Eddington 1920,
Chwolson Astron. Nacht. 1924

o 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)

Einstein’s Days and Works in Prague: Relativity Then and Now




and Works in Pr:

FrantiSek Link

ASTROPHYSIQUE. — Sur les conséquences photométriques de la déviation
d’Einstein. Note de M. F. Lisg, présentée par M. Charles Fabry.

Dés le début de la théorie de la relativité on a cherché de vérifier la
déviation des rayons lumineux passant normalement au champ de gravua—
tion d'un corps céleste. La déviation w est

conslant méme trés prés de I'éloile occultée et & peine supérieur 4 sa valeur -
normale. Lorsque 1a distance apparente s’approche de la valeur
Pu= VKka,.

L’intensité commence & augmenter pour atteindre & cette distance la
valeur infinie, si I'étoile occullée était rigoureusement ponctuelle. Ce cas

Einstein’s Days and Works in Prague: Relativity Then and Now
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Sur les conséquences photométriques de la déviation

d’Einstein

SUR LES CONSEQUENCES PHOTOMETRIQUES
DE LA DEVIATION D’EINSTEIN.

Par M. F. LINK.

Sowmaire. — La déviation d’Einstein des rayons lumineux
dans le champ de gravitation a pour conséquence une modification

< ) S ds’ . .
il le frapperait en dS. Le rapport —= donne la modification de
Péclairement en N. On Pobtient d’une facon analogue que nous

avons traité I'affaiblissement par la réfraction dans les éclipses de
Lune | 5]

PR S ||
(s) JTas "~ 2+ % R ARy o+ as

Einstein’s Days and Works in Prague: Relativity Then and Now
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FrantiSek Link

< TN
I
(

Z 2
4 ~ )
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\\Y
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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)

o 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)

Einstein’s Days and Works in Prague: Relativity Then and Now
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Prague works on gravitation 1912

ﬁ assume£ _ A(X) + a(x)t2 + 0 (13)
% K T =B(x) +y(x)t+ 5x) + 0 (£)

n=y, (=zAti=0¢=0x=0

ds> = —2dr*4+de +dy? +dP, e =1
dsiz. = —cA(x)dP +d* +dy? +d?

Einstein’s Days and Works in Prague: Relativity Then and Now i
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Today

g’.

a
T = }l sinh at + x sinh at 3)

boost —rotation symmetric spacetimes
o radiative

o plausible Newtonian limit

o asymptotically flat
o C-metric

etc.

Einstein’s Days and Works in Prague: Relativity Then and Now
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Equations for static gravitational field

contradictions with conservation of energy and momentum ( | f dv #£0,
where f = —pgradc)
= modification of the field equation

1 gladc
A —k T
c Cp—|—

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

1 dc

E=x+ >4 £, c(x) arbitrary

Einstein’s Days and Works in Prague: Relativity Then and Now
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The “frst ‘dragsin effect Creaty quantfel))
B Eipstein — 7 of S papers
er,m'/.\x-m from The fraguc
period

Grbt es eme Gravitalionswirken:
die oler elektrodynamischen IrdukeHiorss -
wirkung @analeg /St 2
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Pecrein 4% (1972), 37
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Dragging of intertial frames

DOC. 7 GRAVITATIONAL INDUCTION

%
Gibt es eine Gravitationswirkung, die der elektro-
dynamischen Induktionswirkung analog ist?

ou

Prst. De. Bastea-Prg.

Die in der Usberschrift_aufgeworfene Frage kaoa ia Anlehnang
a0 einen Gherschtlichen Spesialal in folgeader Weiso formliert wer-
den. Bs wewde ¢in System ponderadler
Massen betrachtet, bestehead aus der Kugel-
schale K. mit bomogen aber die Eugeldich
vereilter Masse M und dem im Mitelpuokt
dieser Eogelschale sogeordueten materielles
Puskt P mit der Masse m. Wirke auf dea
fesigehaltenen _ materiellea Punkt P eine
Kealt, wean ich der Schale K eine Beschlea-
sigung I ertele? Die folgeaden Ueber-
legungen werden uas dasu been, eine
e Eetnirtug s wiscbleh vorhandea anzusehen uad uns die
rselben o ersier Aundherang ergeben.
ach der Relativitis-Theorie ist die trige Masse eines ab-
,gs:\lom.n physikalischen Systems von dessen Eoergieinhalt in
sichr Wes abogi, ds sin Bnrgemmachs s Spsems vo §
die trige Masse um - vergrdsser, weoa ¢ die Vakwam-Lichigeschwin- (2
digkeit bedeatet. Bezeichnec maa also wit M di trige Masse von K 01
bei Abweseabeit von P, wnd wit m die trige Masse von P bei Ab-
weseaheit 100 K, oder mit anderen Worten mit M + m die trige
Masse des aus P'und K susammen bestehenden Systems fir den Fall,
o sk in cnodicher Etisan o K bedl, v olgt, dass -
die trige Masse des aus K und  bestehenden Systems, (3 den Fall,
Gt i m i Miapankt v K befudet, den Wor

Mtwm—tte
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Gravity Probe B

5

€ WL EVERTY, W. M. ARBANK, AND W. O. KAKATON
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Relativitit and Gravitation. Erwiderung...

12. R und Gr

Erwiderung

auf eine Bemerkung von M. Abraham;
von A. Einstein.

In einer in diesen Annalen erscheinenden Notiz hat
M. Abraham auf einige von mir geduBerte kritische Bedenken
zu seinen U, h iiber Gravitation g tet, sowie

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

ist beispielsweise die Energiedichte im statischen Schwerefeld
2
"T’grad’ ¢, nach meiner Theorie LT gnod . Das Eingehen

2k
von ¢ ist in beiden Theorien verschieden.

1) M. Abraham, Physik. Zeitschr. 18. Nr. 19. p. 2. 1912.
(Eingegangen 4. Juli 1912.)
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Prague, summer 1912

@

Prague, summer 71972
() Jocal .l?nl')‘/can‘: of ?u/'ro/EIlte proncpk

(%) <ps. of mohon of mats porn?s
(variahonal principl) i %5 of r/m;j
Frld when gravty i precent

(7))  nenlincar ﬁ'g_/,( 2. ﬁf rakl‘:z/
(E/u?} dtnly yjr.['c/‘( ifself as sourcy)
o) ol ?m\ﬁ‘m: mast be farm Invarant

with respect o a /ayer;raup

than larcm‘);rwu’;

(¥) o spacedme ceerdinates loose /|

Pheir simple phycrcal meaning “

(but) jmn'fuﬁo” describeot wéc/{/;

by one funchon ~ (variabt) vetocity
of 95/

cne state

Q eqs. of motion for mass points

(variational principle),
eqs. of elmag. field when gravity is
present

© nonlinear field eq. for gravity

(energy density of gr. field itself as
source)

Q all equations must be form invariant

with respect to a larger group than
Lorentz group

© spacetime coordinates loose their

simple physical meaning
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5 Philosopher — Scientist

3

AUTOBIOGRAPHICAL NOTES 67

This happened in 1908. Why were another seven years re-

quired for the construction of the general theory of relativity?

lf&"%’#‘" 3 The main reason lies in the fact that it is not so easy to free

) . “a“ it oneself from the idea that co-ordinates must have an immediate

’.*' ' metrical meaning. The transformation took place in approxi-
mately the following fashion.

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
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Zurich, winter 1912

5

Lurich - winkr 7972
ol o WaE frie
(ot 1. Grosimann)

g vidabon described 7 10 funchons

da/'"

) e of /nlm’zt
J,/’Jw""" =o

i) Maxwel fl“ ingr feld
invariant aucles  x % X(xY)
%) The Source q(/r-w;y ) ad 4

7"‘“’)., =0

) Fieta 21« Aons

LR aF-srep

”
—> error with cevariance

8uv
@ eq. of geodesics
5 / VG = 0
© Maxwell egs. in gr. field invariant

under x* = x"*(x")

© the source of gravity T""

Q field equations
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%

Einstein Field Equations

25, 14, '/7/.9"/ Berlin

Rev ~Z Juv K = % 7;»J

£ rroskrr ’s }{-‘e/a{ -ezaqﬁ'on_;
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From: Day-by-Day Summary of Johanna Fantova’s Journal

Collected and edited by Alice Calaprice
With a foreword by Freeman Dyson

s,

instein

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,. . .

Stara RiSe, September 1926
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g!l Otokar Brezina

804

Otokar Biezina 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.
S T P Otokar Bfezina (in the letter to F. Novotny,
(1909-1929) February 7, 1920)

HOST
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Einstein’s Days and Works in Prague:

Relativity Then and Now

Overture:  Biography & Culture
1* Movement: Lectures & Papers
2" Movement:  Principle of Equivalence
Light bending
3" Movement:  Dragging of inertial frames
4™ Movement:  Uniform acceleration & static fields
Finale: Basic features of a theory of gravity

Coda
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