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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 I 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 I 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. I learned it not only from the 
publications but from numerous discussions with Einstein, - which had the effect that I 
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. 



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



Lorentz, Einstein, Poincaré. 	




Max Laue to Margot Einstein, October 23 1959

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



1907: towards a relativistic theory of gravitation

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?" 



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 

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! 

Albert Einstein, 1897	


Minkowski and Einstein...



1911: on the light deviation



Freundlich on the bending of light, circular letter, 1911 



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 Zürich years

Marcel Grossmann	




Einstein, November 25,1915

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



Einstein to Sommerfeld, 9 december 1915

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


Arnold Sommerfeld	




The general theory of relativity published



January 1916: Schwarzschild’s solution, paradigm of GR

Karl Schwarzschild (1873-1916)
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Sobral: instruments



Sobral 1919



The Illustrated London News



The 1919 eclipse at the Royal Society

"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).
	




London Times, Nov 7 1919



Einstein in Paris: Fashionable!
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A panic among astronomers and physicists!  
	


"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).

"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 I am wrong, but it does not seem to me at present 
hat I 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 I do not feel that I shall be 
ready to swallow the Einstein theory for a long time to come, if 
ever. I'm a heretic." (Curtis to Chant, 1923). 


Heber Curtis	




A metaphysical theory

•  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  I  personally  have  not  much  doubt  about  the  accuracy  of  Einstein's 
conclusions and consider it a great piece of work, I 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).

 


James Jean	




 
The Low Watermark  



•  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.

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).  
	




Relativists isolated...

•  "In any case, the greatest interest in this discipline was evinced by scientists in the 
1920's. Then, already in 1936 when I was in contact with Einstein in Princeton, I 
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. I 
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 discouraged...

•  "I sent the paper to the “Annalen der Physik” and I 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 I moved into gravitational wave detection, many astronomers told 
me I 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). 



Eddington and the Sumatra eclipse expedition

"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 I should be very surprised if it is as 
strange as all that." (Eddington 1932). 
	




Robert Trumpler in Bern

"...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.
	




A neo-Newtonian interpretation


"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). 


John L. Synge	




Vesto M. Slipher Edwin Hubbble	


���
Twenties-Thirties, the time for cosmology���



"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).	

	




 
1920th-1930th, the time for cosmology  



•  There  is  a  small  hill  that  indicates  a  slight  improvement  around  the  1930s 
corresponding to the works prompted by the interest in cosmology.



Cosmology, a space for thought

"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). 


Richard Tolman	




A lack of experiments

•  "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). 

•  "its connections with experience were slender." (Born 1955). 
•  "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. [...] I was looking at Newtonian 
theory as a particular and well-worked-through approximation to the relativistic 
equations,  and  I  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). 

•  "as  an  experimentalist  I  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 concepts

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

•  "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). 

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

•  "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. I 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). 



Too formal a science?


•  "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  I  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)



Relativists reply to critics...

•  "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).
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Pound and Rebka, 1959



Alfred Schild on the Pound and Rebka experiment

"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  years  of  sparse  meager 
astronomical checks, new terrestrial experiments are 
possible and are being planned." (Schild 1960, 778)
	




A theory ahead of its time: the renewal! 

•  "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  à  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).
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