
1905, annus mirabilis 

Relativity theories  

ca. 1896-1916 



Modern physics did not start with relativity 
and quantum theories, but with 
experimental discoveries.  



Fin-de-siècle physics  
 
Total no. of physicists: ~ 1,300 
 
Total no. of physics papers: 

                         ~ 2,500 
 

   institutes  faculty 
 

Germany   30   103 

USA    21   100 

UK    25       87 

France    19      54 

Austria-Hungary   18       48 

Italy    16       43 

ETH (polytechnic institute), Zurich physics2000 / physics1900 ~ 100 (!)  



Publication statistics: Physics in the 20th century 



Development of physics, 
1900-1944, compared to 
the development of 
chemistry and 
mathematics (annual 
number of papers). 

Annual number of physics 
papers published in 
Germany, UK and USA, 
1900-1944. 



specialisation 



submitted 30 June; published 26 September (after light-quantum paper) 



Citations to Einstein’s 1905 paper on special relativity 
 
                               (Web of Science) 

ß-----   historical/courtesy citations     ---à 





Artistic inspiration from relativity theory 

U. Boccioni 

M. Duchamp 

P. Picasso 

&c. 

The “4th dimension” 
in art before 
Einstein 1905 



More publications within this genre than 
scientific publications on the theory of 
relativity. 
 
A minor part of the literature featured 
anti-semitic tendencies. Jewish physics!  

Anti-relativity 

(and anti-

Einstein) 

literature in the 

1920s, in Germany 

and other 

countries. 



Misunderstandings of relativity theory 
 
“Einstein’s theory is a marvellous proof of the 
harmonious multiplicity of all possible points of 
view. If the idea is extended to moral and 
aesthetics, … instead of regarding non-
European cultures as barbarous, we now begin 
to respect them as views which are equivalent 
to our own. There is a Chinese perspective 
which is fully as justified as the Western.” 
 
 
 
 
“Relativity theory is a befogged speculation 
producing universal doubt about God and his 
creation … cloaking the ghastly apparition of 
atheism.” 

J. Ortega y Gasset (1883-1936) 



The electromagnetic  
ether 

“Space without ether is like a forest without trees.” 

    (A. Föppl, 1894) 

 

“The ether is one of the grandest generalizations of 

modern science; all phenomena of the physical 

universe are only different manifestations of the 

various modes of motion of this all-pervading 

substance – the ether.”              (A. Michelson, 1902) 



Michelson-Morley 
experiment (1887) to 

detect the motion of 

the Earth relative to 

the ether. 

 
No effect found to 

the accuracy of (v/c)2  

The null-result of the MM experiment can be explained (or explained away?) if 

length contraction in direction of ether wind is assumed, so-called Lorentz 

contraction (1899, 1904). 

 

What was the role of the MM experiment in Einstein’s route to relativity? 





Elektromagnetic (”apparent”) mass 

J. J. Thomson (1885); O. Heaviside (1889); F. Searle  (1897); M. Abraham (1902); H. A. Lorentz 
(1904); A. Bucherer (1904); P. Langevin (1904); H. Poincaré (1905), ... 

If a charged particle (“electron”) moves in the electromagnetic ether, it will acquire an 

additional momentum and mass, m = mmech + mem. The “electromagnetic mass” 

relates to the electron’s electrostatic energy as 

The charge e uniformly distributed on surface, and a is the classical electron 

radius.  

If the entire mass is electromagnetic, mmech = 0 and “matter does not exist.” What 

we conceive as matter is really concentrated structures in the electromagnetic 

ether, called electrons (± !). Moreover, the electron mass varies with the velocity 

mem = m(v), v < c. 

N.B.: Error in Kragh (1999), p. 106: should be e2/Rc2 and not e2/R2c.  



Nature  61 (5 April, 
1900), s. 547 

Radioactivity, energy and mass 



”It is not to be expected that the law of conservation 

of mass will hold true for radioactive phenomena, … the 

total mass must be less after disintegration than 

before. Atomic mass must be regarded as a function of 

the internal energy, and the dissipation of the latter in 

radioactivity occurs at the expense of the mass of the 

system.” 



”The relativity principle, in association with Maxwell’s equations, requires that the 

mass be a direct measure of the energy contained in a body … A noticeable 

reduction of mass would have to take place in the case of radium. The 

consideration is amusing and seductive; but for all I know, God Almighty might be 

laughing at the whole matter and might have been leading me around by the nose.” 

Olympia-

Academy, ca. 

1902 

 

(C. Habicht, 

M. Solovine, 

A. Einstein) 

Einstein to 

Conrad 

Habicht, ca. 

June 1905) 





Einstein’s 1905 postulates (and Poincaré’s): 
 

(1)  The laws of physics have the same form in any 

inertial system. 

(2)  The speed of light in vacuum is a constant, 

independent of the system. 

 

It follows that  

 

Ø  Simultaneity is relative 

Ø  Length is relative  

Ø  The rate of a clock is relative  

Ø  … and much more 

BUT, some physical quantities are invariants, with 

same value in any moved system.  



On the Electrodynamics of Moving Bodies 
 

Introduction 

I.    KINEMATICAL PART 

§1.    Definition of simultaneity 

§2.    Relativity of length and time 

§3.    Transformation of coordinates 

§4.    Moving ridig bodies and clocks 

§5.    Composition of velocities 

 

II.     ELECTRODYNAMICAL PART 

§6.   Transformation of Maxwell equations 

§7-9. Doppler principle; aberration; energy of light; 

§10.  Slowly accelerated electrons 





Space-time transformations 

Galilean vs Lorentz  

v << c 



First confirmation of relativistic 

time dilation (half-life of 

muons), 1940 



Addition of velocities 
 
Classical: u = v1 + v2  Relativity:  
 
 
 
For v2 = c, u = c even for v1 → c. 
 
 
Variation of m with velocity 
 
Classical: m = konstant   
 
Relativity: 
 
 
For v → c,  v/c → 1  and  m →   
 
Longitudinal mass? Transverse mass? 
www.mathpages.com/home/kmath674.htm  
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A  test  of  relativity  theory?  How  does  m  vary  with  v  =  βc?	
Among  the  rival  theories  were  Loren9’s  deformable  electron  and  Abraham’s  
rigid  electron.  And  Einstein’s?	

In  both  theories,  e/m0  =  constant	



Hermann Minkowski (1864-1909) 
 
 
Minkowski diagrams 



Bohr (1914) attempted to take 
into account the mass variation 

of the electron, but only as a 

correction, and he did not 

succeed to get an expression in 

agreement with the measured 
fine-structure separation. 



Arnold Sommerfeld and the fine structure  
of the hydrogen (and He+ )spectrum. 
 
Bohr and Sommerfeld, September 1919.  
 
 

137
12 22

≅≡=
c
e

hc
e

!
πα





“Die Grundlage der allgemeinen Relativitätstheorie” (AP, 11 May 1916) 



The bending of light 
 
In 1913 Einstein explains in a letter to  
George Hale his prediction of the 
bending of light, which in the case of 
the Sun will be ca. 0,84”. Can 
astronomers measure the tiny angle?  
 
In his later theory of 1915 Einstein 
gets double the value, ca. 1,7”. 



stars 

The original negative of 1919 

Einstein and Eddington 

Sobral:              1.61  0.30 

Principe Island: 1.98  0.12 

Theory:              1.7 



Einstein receives the news of 

the British confirmation of his 

light-bending prediction 




