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NOTES FOR AN AUTOBIOGRAPHY 
(Continued from page 12) 

tried, the more I came to the convic-
tion that only the discovery of a uni-
versal formal principle could lead us 
to assured results. The example I saw 
before me was thermodynamics. The 
general principle was there given in 
the theorem: the laws of nature are 
such that it is impossible to construct 
a perpetuum mobile (of. the first and 
second kind). How, then, could such 
a universal principle be found? After 
ten years of reflection such a principle 
resulted from a paradox upon which 
I had already hit at the age of six-
teen: if I pursue a beam of light with 
the velocity c (velocity of light in a 
vacuum), I should observe such a 
beam of light as a spatially oscilla-
tory electromagnetic field at rest. 
However, there seems to be no such 
thing, whether on the basis of experi-
ence or according to Maxwell's equa-
tions. From the very beginning it 
appeared to me intuitively clear that, 
judged from the standpoint of such 
an observer, everything would have to 
happen according to the same laws 
as for an observer who, relative to 
the earth, was at rest. For how, 
otherwise, should the first observer 
know, i.e., be able to determine, that 
he is in a state of fast uniform mo-
tion? 

even more generally concerning the 
electromagnetic foundation of phys-
ics? 

Before I take this up I must briefly 
mention a number of investigations 
which relate to the Brownian motion 
and related objects (fluctuation-phe-
nomena) and which in essence rest 
upon classical molecular mechanics. 
Not acquainted with the earlier inves-
tigations of Boltzmann and Gibbs, 
whi.ch had appeared earlier and ac-
tually exhausted the subject, I devel-
oped the statistical mechanics and the 
molecular-kinetic theory of therm-
odynamics which was based on the 
former. My major aim in this was to 
find facts which would guarantee as 
much as possible the existence of 
atoms of definite finite size. 

In the midst of this I discovered 
that, according to atomistic theory, 
there would have to be a movement 
of suspended microscopic particles 
open to observation, without knowing 
that observations concerning the 
Brownian motion were already long 
familiar. The simplest derivation 
rested upon the following considera-
tion. If the molecular-kinetic theory 
is essentially correct, a suspension of 
visible particles must possess the same 
kind of osmotic pressure fulfilling the 
laws of gases as a solution of mole-
cules. This osmotic pressure depends 
upon the actual magnitude of the 
molecules, i.e., upon the number of 
molecules in a gramequivalent. If the 
density of the suspension is inhomo-
geneous, the osmotic pressure is in-
homogeneous, too, and gives rise to a 
compensating diffusion, which can be 
calculated from the well-known mo-
bility of the particles. This diffusion 
can, on the other hand, also be con-
sidered as the result of the random 
displacement-unknown in magnitude 
originally--of the suspended particles 
due to thermal agitation. By compar-
ing the amounts obtained for the 
diffusion current from both types of 
reasoning one reaches quantitatively 
the statistical law for those displace-
ments, i.e., the law of the Brownian 
motion. The agreement of these con-
siderations with experience together 
with Planck's determination of the 
true molecular size from the law of 
radiation (for high temperatures) 
convinced the skeptics, who were 
quite numerous at that time (Ost-
wald, Mach), of the reality of atoms. 
The antipathy of these scholars to-
wards atomic theory can indubitably 
be traced back to their positivistic 
philosophical attituqe. 

This is an interesting example of 
the fact that even scholars of auda-
cious spirit and fine instinct can be 
obstructed in the interpretation of 
facts by philosophical prejudices. The 
prejudice-which has by no means 
died out in the meantime-consists in 
the faith that facts by themselves can 
and should yield scientific knowledge 
without free conceptual construction. 
Such a misconception is possible only 
because one does not easily become 
aware of the free choice of such con-
cepts, which, through verification and 
long usage, appear to be immediately 
connected with the empirical mate-
rial. 

REFLECTIONS of this type made it 
clear to me as long ago as short-

ly after 1900, i.e., shortly after 
Planck's trail-blazing work, that 
neither mechanics nor thermodynam-
ics could (except in limiting cases) 
claim exact validity. By and by I des-
paired of the possibility of discovering 
the true laws by means of construc-
tive efforts based on known facts. The 
longer and the more despairingly I One sees that in this paradox the 
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"I am a mad wag-the merriest dog that barks." 
"I am in reasonable health, and happy to meet you all once more." 
"I think I am sufficiently decayed." 
"I'm an everyday young man." 
"I'm afraid I'm not equal to the intellectual pressure of the conversation." 
"I am a maiden, cold and stately." 
"A king of autocratic power we." 
"I can trick you into learning with a laugh." 
"I am an intellectual chap." 
"I can write a washing bill in Babylonic cuneiform." 
"Ah! bitter is my lot!" 
"To indulge my lamentation no occasion do I miss." 
"I smoke like a furnace, I'm always in liquor." 
"The lark and the clerk, I remark, comfort me not." 
"I always eat peas with a knife." 
"My nature is love and light." 
"I was born sneering." 
"I once was as meek as a new-born lamb." 
"I'm the slave of the gods, neck and heels." 
"I find my duty hard to do today." 
"I went to the bar as a very young man." 
"And many a burglar I've restored to his friends and his relations." 
"I respect your Republican fallacies." 
"I can tell a woman's age in half a minute." 
"I do not care for dirty greens, by any means." 

John D. Norton

This is a bad typographical error. Instead of “thermodynamics” read “electrodynamics.”
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germ of the special theory 
is already contained. Today everyone 
knows, of course, that all attempts to 
clarify this paradox satisfactorily 
were condemned to failure as long 
as the axiom of the absolute charac-
ter of time, viz., of simultaneity, un-
rccognizedly was anchored in the 
unconscious. Clearly to recognize this 
axiom and its arbitrary character 
really implies already the solution of 
the problem. The type of critical 
reasoning which was required for the 
discovery of this central point was 
decisively furthered, in my case 
especially, by the reading of David 
Hume's and Ernst Mach's philo-
sophical writings. 

ONE had to understand clearly what 
the spatial coordinates and the 

temporal duration of events meant in 
physics. The physical interpretation 
of the spatial coordinates presupposed 
a fixed body of reference, which, 
moreover, had to be in a more or less 
definite state of motion (inertial sys-
tem). In a given inertial system the 
coordinates meant the results of cer-
tain measurements with rigid (sta-
tionary) rods. (One should always be 
conscious of the fact that the pre-
supposition of the existence in prin-
ciple of rigid rods is a· presupposition 
suggested by approximate experience, 
but which is, in principle, arbitrary.) 
With such an interpretation of the 
spatial coordinates the question of 
the validity of Euclidean geometry 
becomes a problem of physics. 

If, then, one tries to interpret the 
time of an event analogously, one 
needs a means for the measurement 
of the difference in time (in itself 
determined periodic process realized 
by a system of sufficiently small spa-
tial extension). A clock at rest rela-
tive to the system of inertia defines 
a local time. The local times of all 
space points taken together are the 
"time," which belongs to the .selected 
system of inertia, if a means is given 
to "set" these clocks relative to each 
other. One sees that a priori it is not 
at all necessary that the, "times" thus 
defined in different inertial systems 
agree with one another. One would 
have noticed this long ago, if, for the 
practical experience of everyday life 
light did not appear (because of the 
high value of c), as the means for 
the statement of absolute simul-
taneity. 

The presupposition of the existence 
(in principle) of (ideal, viz., perfect) 
measuring rods and clocks is not in-
dependent of each other; since a 
lightsignal, which is reflected back 
and forth between the ends of a 
rigid rod, constitutes an ideal clock, 
provided that the postulate of the 


