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Albert Einstein 1954

- 1955, Bern. A congress organized for the fifty years of special relativity.
Actually general relativity is at stake. Einstein died some monthes ago. Max
Born, Einstein's close friend, recalls...



"I remember that on my honeymoon in 1913 | had in my luggage some reprints of Einstein's
papers which absorbed my attention for hours, much to the annoyance of my bride. These
papers seemed to me fascinating, but difficult and almost frightening. When | met Einstein in
Berlin in 1915 the theory was much improved and crowned by the explanation of the
anomaly of the perihelion of Mertisy, discovered by Leverrier. | learned it not only from the
publications but from numerous discussions with Einstein, - which had the effect that |
decided never to attempt any work in this field. The foundation of general relativity appeared
to me then, and it still does, the greatest feat of human thinking about Nature, the most
amazing combination of philosophical penetration, physical intuition and mathematical skill.
But its connections with experience were slender. It appealed to me like a great work of art,
to be enjoyed and admired from a distance. “

Max Born, Bern’s Colloquium, 1955.
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Number of publications in general relativity

as a percentage of the total number of publication in physics (from Science Abstract:1915-1955).
N.B. The absolute number of pubications goes from 10 in 1916 to 42 (greatest) in 1920; 4 in 1945 (lowest).



From Special to General Relativity.



Lorentz, Einstein, Poincaré.

Einstein's special relativity was quite easily acccepted.
Was it so soon well understood?



"slowly but steadily a new world opened before me. | had to spend a great
deal of effort on it.... And particularly epistemological difficulties gave me
much trouble. | believe that only since about 1950 have | mastered them."

Max Laue to Margot Einstein, October 23 1959



Einstein is faced with two kinematics: the Galilean one for
Newton's theory, the relativistic one for Maxwell's
equations: it's incoherent! He will construct a relativistic

theory of gravitation.

1907: towards a relativistic theory of gravitation



Planck to Einstein: "Everything is now so nearly settled, why do you
bother about these other problems?”

1907: towards a relativistic theory of gravitation



In 1907, Einstein already think of what are
often called the three "classical" tests: the
Mercury's perihelion, the deviation of light,
the line shift.

1907: towards a relativistic theory of gravitation



Hermann Minkowski Albert Einstein, 1897

Minkowski described Einstein, then his student, as "a lazy dog who never
bothered about mathematics at all ». Year later Einstein has to come to
Minkowsk’is views of general relativity. Spacetime and proper time!

Minkowski and Einstein...



898

4. Uber den Einflup
der Schwerkraft auf die Ausbreitung des Lichtes;
von A. Binstein.

Die Frage, ob die Ausbreitung des Lichtes durch die
Schwere beinflut wird, habe ich schon an einer vor 8 Jahren
erschienenen Abhandlung zu beantworten gesucht.!} Ich komme
auf dies Thema wieder zuriick, weil mich meine damalige
Darstellung des Gegenstandes nicht befriedigt, noch mehr
aber, weil ich nun nachtriglich einsehe, daB eine der wichtigsten
Konsequenzen jener Betrachtung der experimentellen Priifung
zuginglich ist. Es ergibt sich n#mlich, daB Lichistrahlen, die
in der Nihe der Sonne vorbeigehen, durch das Gravitationsfeld
derselben nach der vorznbringenden Theorie eine Ablenkung
erfahren, so daB eine scheinbare VergroBerung des Winkel-
abstandes eines nahe an der Sonne erscheinenden Fixsternes
von dieser im Betrage von fast einer Bogensekunde eintritt.

Es haben sich bei der Durchfihrung der Uberlegungen
auch noch weitere Resultate ergeben, die sich auf die Gravi-
tation beziehen. Da aber die Darlegung der ganzen Be-
trachtung ziemlich uniibersichtlich wiirde, sollen im folgenden
nur einige ganz elementare Uberlegungen gegeben werden, aus
denen man sich bequem iiber die Voraussetzungen und den -
Gedankengang der Theorie orientieren kann. Die hier ab-
geleiteten Beziehungen sind, auch wenn die theoretische Grund-
lage zutrifft, nur in erster Niherung giiltig.

§ 1. Hypothese iiber die physikalische Natur
des Gravitationsfeldes.

In einem homogenen Schwerefeld (Schwerébeschleunigung 7)
befinde sich ein ruhendes Koordinatensystem X, das so orien-
tiert sei, daB die Kraftlinien des Schwerefeldes in Richtung

1) A. Einstein, Jahrb. £ Radioakt. u. Elektronik IV. 4.

1911: on the light deviation



Freundlich on the bending of light,

ferlin.

circular letter, 1911



Marcel Grossmann

With the help of Marcel Grossmann, expert on Riemannian
geometry, Einstein works hard at a theory based on a
Riemanian space-time.

1912-1914: the Zirich years



Erklirung der Perihelbewegung des Merkur aus
der allgemeinen Relativitiitstheorie.

Von A. EiNsTEIN.

In einer jiingst in dicsen Berichten erschienenen Arbeit, habe ich Feld-
gleichungen der Gravitation aufgestellt, welche bezliglich beliebiger
Transformationen von der Determinante 1 kovariant sind. In einem
Nachtrage habe ich gezeigt, daB jenen Feldgleich ]|
kovariante entsprechen, wenn der Skalar des Energlet.emors der
»Materie« verschwindet, und ich habe dargetan, da8 der Einfihrung
dieser Hypothese, durch welche Zeit und Raum der letzten Spur ob-
jektiver Realitst beraubt werden, keine prinzipiellen Bedenken ent-
gegenstehen'.

In der vorliegenden Arbeit finde ich eine wichtige Bestitigung
dieser radikalsten Relativititstheorie; es zeigt sich n&mlich, da8 sie
die von Levemerer entdeckte sikulare Drehung der Merkurbahn im
Sinne der Bahnbewegung, welche etwa 45" im Jahrhundert betriigt
qualitativ und quantitativ erklirt, ohne daB irgendwelche besondere
Hypothese zugrunde gelegt werden miSte.

Es ergibt sich ferner, daB die Theorie eine stirkere (doppelt so
starke) Lichtstrahlenkrimmung durch Gravitationsfelder zur Konsequenz
hat als gem&B meinen friheren Untersuchungen.

! In einer bald folgenden Mitteilung wird gezeigt werden, da jene Hypothesc
entbehrlich ist. Weasentlich ist nur, daB cine solche Wahl des Bezugssystems még:
lich ist, da8 die Determinante | g, | dc» Wert —1 annimmt. Die nachtolgende Unter
suchung ist hiervon unabhingig.

2 Uber die Unmdglichkeit, dic A licu der Merkurbewegung unf der Basit
der Nzwroxschen Theoric befricdigend zu erkliren, schrieb E. Frrunotiwn jings
einen beachtenswerten Aufsatz (Astr. Nachr. 4803, Bd. 301. Juni 1915).

Einstein, November 25,1915

Mercury's perihelion, for years, the cornerstone of general relativity.



Arnold Sommerfeld

"The result of the perihelion motion of Mercury gives me
great satisfaction. How helpful to us here is astronomy's
pedantic accuracy, which | often used to ridicule secretly!"

Einstein to Sommerfeld, 9 december 1915



1916. AT,

ANNALEN DER PHYSIK.

RTE FOLGE. BAND 49.

1. Die Grundlage
der allgemeinen Relativiltdtstheorie;
von A, Einstein,

Die i nachfolgenden dargelegte Theorie bildet die denk-

bar weitgehendste Verallgemeinerung der heute allgemein als

., Relativitatstheorie” bezeichneten Theorie; die letztere nenne
ich im folgenden gur Unterscheidung von der ersteren ,,spezislle
Relativititstheorie® und setze sie als bekannt voraus. Die
Verallgemeinerung der 'Relativitatstbeorie wurde sehr er-
leichtart dnreh die Gestalt. weleche der speziellen Relativitits.

The general theory of relativity published



Karl Schwarzschild (1873-1916)

2
ds’ =(1— 2M2G)c2dt2 - C;rMG -1*(d6® +sin’ 0d¢’)
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January 1916: Schwarzschild’s solution, paradigm of GR



Sobral: instruments



Sobral 1919
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"The whole atmosphere of tense interest was exactly that of the Greek drama: we
were the chorus commenting on the decree of destiny as disclosed in the
development of a supreme incident. There was dramatic quality in the very
staging: -the traditional ceremonial, and in the background the picture of Newton
to remind us that the greatest of scientific generalizations was now, after more
than two centuries, to receive its first modification. Nor was the personal interest
wanting: a great adventure in thought had at length come safe to
shore." (Whitehead, 1926).

The 1919 eclipse at the Royal Society



London Times, Nov 7 1919

REVOLUTION IN
SCIENCE.

NEW THEORY OF THE
UNIVERSE,

NEWTONIAN IDEXS
OVERTHROWN.,

Yesterday ofternoon in the reoms of {ln
Rayal Scviety, at & joint seaxion of the Rayal
andl Astronomical  Societies, the yesults ol
tained hy Hritish ohsorvers of the total solar
eclipae of May 20 were disoussnl.

The greateat peesitdo  intereat had  been
arosed in seientific cincles by the hope that
rival - theotien  of & fundwimental  physicst
problom would b put 1o tho teet, and there was
a very Jarge stteadanee of astronomers woild
physiciats, 1 was gonorslly secepted that the
almrrvations were deciaive in the venifying of
the prediction of e farnaus phiyaiczad, Fanstein,
stded by e Peesicdent of the Baysl Sovicty
ws being e mast reansrlablo =ssentilio event
st Ui diseovery of the predicted existence
of tue planet Neptune. But thers was diffor-
ene of opinkon s to whether seenro lul 10

dynosew wnd wnespluased fact, oc 0
rockan with s ey that wonld complotely
rovolutiontze the weerpted  funddaowntals  of
phy~ars

R Fuaxyk Dysos. the Astmaoner Itoxal, deseribod
e work of Ihe expeaditions menl pespeotively 1o
Hoboal i North Hewxid and 1he slaad of Priocipe,
off the Wt Cowst of Afvica, A1 cach of thes
e 0 the weather wern propitinus on the day of
thee eotlyse, ot wondd he poessibile 1o tako durng
Fetalit vy s et of plintographs of the ohsoureil siin aged
ol namboer of Lright stams which hapgescd 10 Ty
i drpaediate vacniy. The alesbrnd abjecl w1ty
wervrtian whethee the Hghe fromm thiss wtar, as it
vl e sum, cnmin we dirvetly townnds us aq f
the sun waore mod there, or 3 oo was w dodliction
due ta s presones, Al o the Intter proved to Lo
Chee vase, what the anisnt of the detfoition wes, I
eller sl oo, M slame woubd  appear
o 1 hotogr o plates  at w  mossutsbla
distincn  drom theic  theoretical  positions. g
sapdannest e alelail the apparatus That leel Boeeny
Ui comrectinns that had o B qaade: for

g factoms, and e mwthols by
in Betweoen the Lhent il aed 1ha
pemithive bl heews mnde,  Ble coavineos the
that the resulte were detinite and conelusive,

o i e place, and e measurement<
sl thint e extent o the Jeflation was bn clies
owith the thearndwal degren predicted bhe
Kinstesn, ux apyreed hat that ddegree, the xmvnnt,
Phats wonld fallow frean the principdes of Newton.
JC s iteresting 1o pecall thel Sic tHiver Jaulge,
spenking sl 1he Haval Iastitation ket Pebryarr,
had wbsir vomtunal onoa peedictive. e doalited of
et Onn woukl be olsesvnd, Bl was conlident that
00 ulid da ke pln weall follow the law of Nowton
wind ped thnt of Kinstein.

D Croadnenay wod Proryssoll Kolseros, twa
W thy actusl obseryvers, followed the Astoyuomer-
Tayul. amd puve intenwting acosunts of ther work,
i every way conticening the geacal coselusions that
had becn enunetoted,

SMOMENTOUS PRONOUNCEMENT.

S far the matter was clege, but when 1ha
diseiesion begun, it wis plain that the sewntitiv
entenst centeod msere i 1he theoretical bracings
of the resales than in the rsults fhemselved
Exea the President of the Roval Soviety, ia
stating that they had just listened 1o " orm of
1he oot oaentois, if not the most maorment-
ons, prosouncements of hismen theught,” lul
th confess thut e one bad yel spooeded o
wating o clewt Inpgwsee whst the theory of
Einstein aeally was It was accepted, how
ever, that Einstein, oo the basia of has theory,
Pt sl three predictions. I'be first, sa to tha
ativa of the plinet Mencuey, had been verified.
Whie seveomed, os 1 the oxistenoo and the degeen
of deflectice of lights e it gucssnl the sphese of
e of 1he sane Tad pow bern verstiod,
As ta the third, which depended on spectro-
seopic abservations  there waa still uncertainty,
But lie waos confident that. the Einstein theory
st now be reckonnd with, and that onr cone
ceptions of the fubrie of the universe st be
fundanwntally altennd

At thes stage Sie Oliver Lodge, swhaosy con.
tnbution 1o the disensson bl been engorly
experted, eft the aneetmg,

Subsetpent speakers yoaneid in congratulating
tha eheervers, and agreed sn acoepting theie
resulte. More than ane. hiowever, inchuding
Piofeasar Newall, of Cambridge, hesitated na
1o Che: full extent of the jateeenoc: that had been
drwn il suggeated  that the phenomenn
wight be duo ta an nknown solae atmosplem
further i itx extont Uun bind boen supposed
wiel wath vnkpown propertses. Noo spesker
suceerded i giving i cloar nonanetbeinstical
stutenwent of the thevietsent question.

SPACE © WARPED.”

Per in the st general way it omay e
desriben] as< follows : the Newtonian prineiples
wesine  tht space 3« snvariable, that. for
instance, 1he theee sogles of o trianple alwavs
onnal, and inust equal, tvo right angles, But
thege  prineiples really  nest one thie ohseryvas
fiom At the wngles or a trisngde do equal twa
righit angles, stnd that & circle ix reslly eircular.
Bt there are corhinn phyvsien) facta that semn
o throw  donbt  na tho  wniversality
af these observations, and suggest that spacs
NNy ReQUITE R EWIKE 0F warp in certain circum-
stwners, a8, for instance, under the influence of
gravitation, n dislocation in atself slight oned
applying 1o the iostruments of messirement
as well pr 1o tha things measuned.  The Fiu-
atein doctrine = thut the qualitie: of spmce,
hitherte believed nhsolute, sre relative to theie
eirenmstanees,  He drew  the inferencs from
bis theory that in cortain cases actual moasure
ment of Jight would siow the effeots of the
wurping in & degren thut eonld be predicted
sond calendnted,  Hes predictions in two of thes
cased lave now heen veritied, hut the question
jernains open s to whether the veribeations
prove the theory from which the predictions
were deduced,
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! Ces dames parlent encore de leurs coutu-

— Quel
riers. :
~— Mais non, il s'agit d'Einstein, _ (Dessin de P, PORTELETTE.)

concert de louanges

Einstein in Paris: Fashionable!



The Low Watermark of General Relativity.



"It is not going too far to say, that the announcement that
physicists would have in the future to study the theory of
tensors created a veritable panic among them when the
verification of Einstein's prediction was first

announced." (Whitehead 1920).

Heber Curtis "While it would be possible, in a four-dimensioned universe,
to turn an egg inside out without breaking its shell, still he
realized that there were many practical difficulties in the way
of the accomplishment of this feat." (Curtis 1917).

"Perhaps | am wrong, but it does not seem to me at present
hat | shall ever be willing to accept Einstein's theory, beautiful
but bizarre, -clever but not a true representation of the
physical universe." (Curtis to Vogtherr, 1923) .

"There may be a deflection, but | do not feel that | shall be
ready to swallow the Einstein theory for a long time to come, if
ever. I'm a heretic." (Curtis to Chant, 1923).

A panic among astronomers and physicists!



James Jean

« James Jeans feared that "Einstein's Theory may meet with an unfavourable
reception on account of the somewhat metaphysical --one might almost say
mystical-- form in which his results have been expressed." (Jeans, 1917).

« "While | personally have not much doubt about the accuracy of Einstein's
conclusions and consider it a great piece of work, | am a little afraid it will have
the tendency to ruin many scientific men in drawing them away from the field of
experiment to the broad road of metaphysical conceptions. We already have
plenty of that type in this country and we do not want to have many more if
Science is to go ahead." (Rutherford to Hale 1920).

A metaphysical theory
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Number of publications in general relativity as a percentage of the total number of publication in physics (from Science
Abstract:1915-1955).

N.B. The absolute number of pubications goes from 10 in 1916 to 42 (greatest) in 1920; 4 in 1945 (lowest).

e We can see the spectacular growth of the theory after its birth followed
by its peak in 1920 (the verification of the second test takes place in
1919). The fact that the theory becomes fashionable at the beginning of
the 1920s is reflected in the increased number of publications. And then
a sharp decline starting in 1922-23, a situation that would last until the
end of the 1950s.

The Low Watermark



“In any case, the greatest interest in this discipline was evinced by scientists in the
1920's. Then, already in 1936 when | was in contact with Einstein in Princeton, |
observed that this interest had almost completely lapsed. The number of physicists
working in this field in Princeton could be counted on the fingers of one hand. |
remember that very few of us met in the late Professor H. Robertson's room and
then even those meetings ceased. We, who worked in this field, were looked upon
rather askance by other physicists. Einstein himself often remarked to me “In
Princeton they regard me as an old fool: Sie glauben ich bin ein alter Trottel.” This
situation remained almost unchanged up to Einstein's death. Relativity Theory was
not very highly estimated in the "West" and frowned upon in the “East™ ((Infeld
1964).

"You only had to know what your six best friends were doing and you would know
what was happening in general relativity." (Bergmann to Pais).

Relativists isolated...



"l sent the paper to the “Annalen der Physik” and | got it immediately back, together
with a card of the editor stating that general relativity was no physics and that his
periodical was too good to deal with such stuff. The editor, however, was not just

anybody, he was, at that time, one of German most brilliant physicists, Willy
Wien." (Beck 1974).

"Chandra particularly mentions that Niels Bohr discouraged him from making a
move into relativity. [...] Kip Thorne reports that he received similarly negative
advice when he was contemplating doing graduate work in relativity in the early
1960s. [...] when | moved into gravitational wave detection, many astronomers told
me | was throwing away my career." (Schutz 2012, 260).

"John Archibald Wheeler has told me that in 1952 he gave the first course on general
relativity ever to be given at Princeton University." (Crelinsten 1980).

Relativists discouraged...



"I find it difficult to believe that 1".75 can be wrong. Light is a strange
thing, and we must recognise that we do not know as much about it
as we thought we did in 1919; but | should be very surprised if it is as
strange as all that." (Eddington 1932).

Eddington and the Sumatra eclipse expedition



EASURING, THE STARS

"...the confirmation of the theory by the solar observations is not very
convincing." (Trumpler 1955).

Nor more than that of the “third test“! Then, only the perihelium was
to resist.

Robert Trumpler in Bern



John L. Synge

"Astronomers still think in terms of these pre-relativistic
concepts” (Synge 1960).

"Mechanical laws, according to Einstein's theory, are much
more complicated in conception than under the assumption of
Newton. However, the motion of celestial bodies under
ordinary circumstances differs so little from their Newtonian
representation that, for astronomical purposes, relativistic
effects may be conveniently treated as first-order
perturbations. (Levi-Civita 1937)."

"One unfortunate part of the Einstein myth was that what he
did was so new, so recondite, so hard to understand, that it
was not part of the cultural heritage. Newton was digested and
redigested by the century that followed him [...] with Einstein it
took the other form." (Oppenheimer 1965).

A neo-Newtonian interpretation



Vesto M. Slipher Edwin Hubbble

"Although general relativity was recognized as a major conceptual revolution, it was
generally felt to be of little practical significance because it was thought that gravitational
fields could never be so strong that there would be much difference between its predictions
and those of the much simpler Newtonian theory. The first evidence that this view was
mistaken came in the early 1920's with the discovery, by Slipher and Hubble" (Hawking and

Israel, 1979).

Twenties-Thirties, the time for cosmology
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There is a small hill that indicates a slight improvement around the 1930s
corresponding to the works prompted by the interest in cosmology.

1920th-1930th, the time for cosmology



Richard Tolman

"Indeed we shall feel justified in studying some models, which
are known to differ from the real universe in important ways,
provided the results can illuminate our thinking by indicating
the kind of phenomena that might occur without
controverting established theory. With the help of such
studies, however, we shall certainly make progress in
understanding the behaviour of nature on the largest
possible scale." (Tolman 1934).

“In the forty years that have elapsed these have remained the
principal and, with one exception, the only connections
between the general theory and experience. The exception
lies in the field of cosmology, where Einstein himself was the
first to see wholly new approaches opened by the theory of
relativity." (Oppenheimer 1956).

"For many reasons, the history of general relativity (from
1920 to 1960) has been much less spectacular. The one field
on which it had a decisive and most stimulating influence is
cosmology." (Bargmann 1960).

Cosmology, a space for thought



e "It is true that the theory of relativity, particularly the general theory, has played a
rather modest role in the correlation of empirical facts so far." (Einstein 1942).

e "its connections with experience were slender." (Born 1955).

e "It seems to me that a great deal of the interest of general relativity lies in asking
what the theory would say in conditions which admittedly do not occur in those
parts of the universe about which we know much. [...] | was looking at Newtonian
theory as a particular and well-worked-through approximation to the relativistic
equations, and | felt that this particular method of approximation -admittedly
invented 250 years before the theory- nevertheless, is highly successful in
practically all cases appertaining to reality." (Bondi to Synge 1962).

e "as an experimentalist | attempted to counteract in some small measure the
decided tendency in times past for General Relativity to develop into a formal
science divorced from both observations and the rest of physics." (Dicke 1964).

A lack of experiments



e "Adifficulty in general relativity theory is the lack of what might be called a theory
of measurement." (Pirani 1956).

e "At the logical beginning of the theory of relativity we find instead only two
elementary concepts : the idea of space-time coincidences ("events") and the
proper time: this is all there is in our equipment for the long journey to a complete
understanding of gravitation. Every other physical quantity-distance, angle, energy,
etc.- has only a secondary meaning and must be constructed, if possible, from the
two fundamental concepts." (Bertotti 1962).

e "itis not obvious that a well-defined notion of mass or energy-momentum
exists." (Wald 1984).

e "In the 1930s relativity had few such heuristic concepts to offer, and it did not look
like it was moving toward constructing many more of them. | suggest that this is
what led to the big gulf between relativists and mainstream theoretical physicists
between 1930 and 1950. If this picture is right, then general relativity emerged
mathematically complete in 1916, but as a theory of physics it was not completed
until the 1980s." (Schutz 2013).

A lack of concepts



"The theory of General Relativity, after its invention by Albert Einstein, remained
for many years a monument of mathematical speculation, striking in its ambition
and its formal beauty, but quite separated from the main stream of modern
Physics, which had centered, after the early twenties, on quantum mechanics and
its applications " (Levy and Deser 1978).

"As an experimentalist | attempted to counteract in some small measure the
decided tendency in times past for General Relativity to develop into a formal
science divorced from both observations and the rest of physics. [...] An
examination of the scientific literature of the past 50 years will testify to the truth
of this statement, the number of experimental papers being entirely negligible in
comparison with the flood of theoretical publications, mostly formal." (Dicke
1964)

Too formal a science?



"Many physicists are very emotional about the Einstein theory. Most of them admit
that the general theory of relativity is a beautiful theory, but then they add that
because of the weakness of gravitational forces the theory of gravitation is on the
sidelines relative to the rest of physics. Some physicists go so far as to say that GR
should not be regarded as a physical theory. A less extreme position consists in the
assertion that those who are at present developing the Einstein theory are
mathematicians rather than physicists. In certain circles relativists are regarded as
"socially undesirable elements." (Trautman 1966).

"Though most physicists refused to say anything in public the great majority of
them thought of general relativity as an obscure backwater which took an awful lot
of learning to get into." (Bondi 1990).

Relativists reply to critics...



The Renewal!



Pound and Rebka, 1959
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"These are exciting days: Einstein's theory of
gravitation, his general theory of relativity of 1915, is
moving from the realm of mathematics to that of
physics. After 40 vyears of sparse meager
astronomical checks, new terrestrial experiments are
possible and are being planned.” (Schild 1960, 778)

Alfred Schild on the Pound and Rebka experiment



"Everyone is pleased : the relativists who feel they are being appreciated, who are suddenly experts
in a field they hardly knew existed ; the astrophysicists for having enlarged their domain, their
empire, by the annexation of another subject - general relativity. It is all very pleasing, so let us all
hope that it is right. What a shame it would be if we had to go and dismiss all the relativists
again." (Gold 1964, After-dinner speech at the 1st Texas Meeting).

"The story of the phenomenal transformation of general relativity within little more than a decade,
from a quiet backwater of research, harboring a handful of theorists, to a blooming outpost
attracting increasing numbers of highly talented young people as well as heavy investment in
experiments, is by now familiar." (De Witt 1973).

"Elie Cartan in his fundamental paper, "Sur les variétés a connexion affine et la théorie de la
relativité généralisée", published in 1923-24 [...] did not receive the attention it deserved for the
simple reason it was ahead of its time." (Chern 1980).

"My thesis is that general relativity, despite its essential mathematical completeness in 1916, did
not become a complete theory of physics until the 1970s." (Schutz 2012).

A theory ahead of its time: the renewal!
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