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hibiting the simplest conceivable form of regularity. Among 
these, next to the straight line and the circle, the most important 
were the ellipse and the hyperbola. We see the last two em­
bodied—at least very nearly so—in the orbits of the heavenly 
bodies. 

It seems that the human mind has first to construct forms 
independently before we can find them in things. Kepler's mar­
velous achievement is a particularly fine example of the truth 
that knowledge cannot spring from experience alone but only 
from the comparison of the inventions of the intellect with 
observed fact. 

MAXWELL'S INFLUENCE ON THE EVOLUTION 
OF THE IDEA OF PHYSICAL REALITY 

On the one hundredth anniversary of Maxwell's birth. 
Published, 1931, in James Clerk Maxwell: A Commemora­
tion Volume, Cambridge University Press. 

The belief in an external world independent of the perceiving 
subject is the basis of all natural science. Since, however, sense 
perception only gives information of this external world or 
of "physical reality" indirectly, we can only grasp the latter by 
speculative means. It follows from this that our notions of 
physical reality can never be final. We must always be ready to 
change these notions—that is to say, the axiomatic basis of 
physics—in order to do justice to perceived facts in the most 
perfect way logically. Actually a glance at the development of 
physics shows that it has undergone far-reaching changes in the 
course of time. 

The greatest change in the axiomatic basis of physics—in 
other words, of our conception of the structure of reality—since 
Newton laid the foundation of theoretical physics was brought 
about by Faraday's and Maxwell's work on electromagnetic phe­
nomena. We will try in what follows to make this clearer, keep­
ing both earlier and later developments in sight. 

According to Newton's system, physical reality is character­
ized by the concepts of space, time, material point, and force 
(reciprocal action of material points). Physical events, in New-
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ton's view, are to be regarded as the motions, governed by fixed 
laws, of material points in space. The material point is our 
only mode of representing reality when dealing with changes 
taking place in it, the solitary representative of the real, in so 
far as the real is capable of change. Perceptible bodies are obvi­
ously responsible for the concept of the material point; people 
conceived it as an analogue of mobile bodies, stripping these of 
the characteristics of extension, form, orientation in space, and 
all "inward" qualities, leaving only inertia and translation and 
adding the concept of force. The material bodies, which had 
led psychologically to our formation of the concept of the "ma­
terial point," had now themselves to be regarded as systems of 
material points. It should be noted that this theoretical scheme 
is in essence an atomistic and mechanistic one. All happenings 
were to be interpreted purely mechanically—that is to say, 
simply as motions of material points according to Newton's law 
of motion. 

The most unsatisfactory side of this system (apart from the 
difficulties involved in the concept of "absolute space" which 
have been raised once more quite recently) lay in its description 
of light, which Newton also conceived, in accordance with his 
system, as composed of material points. Even at that time the 
question, What in that case becomes of the material points of 
which light is composed, when the light is absorbed?, was al­
ready a burning one. Moreover, it is unsatisfactory in any case 
to introduce into the discussion material points of quite a differ­
ent sort, which had to be postulated for the purpose of repre­
senting ponderable matter and light respectively. Later on, 
electrical corpuscles were added to these, making a third kind, 
again with completely different characteristics. It was, further, 
a fundamental weakness that the forces of reciprocal action, by 
which events are determined, had to be assumed hypothetically 
in a perfectly arbitrary way. Yet this conception of the real 
accomplished much: how came it that people felt themselves 
impelled to forsake it? 

In order to put his system into mathematical form at all, 
Newton had to devise the concept of differential quotients and 
propound the laws of motion in the form of total differential 


