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of action should be introduced cannot be exactly defined. No 
wonder, therefore, that the classical theories even now oppose 
with all their might the recognition of this intruder, and that 
years must elapse before the dual assimilation process is 
complete. 

There can be no doubt that the time will come when the 
chemical atomic weights, as well as the elementary quantum of 
action, whatever its name or form, will constitute an integral 
part of general dynamics. Then physical research will be unable 
to rest until the theory of heat and radiation has been welded 
into one united theory with mechanics and electro-dynamics. 
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The Nature of Light 

One of the most important branches of work of this society 
(the Kaiser-Wilhelm-Gesellschafi) is the maintenance of a research 
laboratory for natural science. The society has, however, dis
covered the old truism that in its own sphere, as in all spheres of 
work, knowledge must precede application, and the more 
detailed our knowledge of any branch of physics, the richer and 
more lasting will be the results which we can draw from that 
knowledge. 

In this respect, of all the branches of physics, there is no 
doubt that it is in optics that research work is most advanced, 
and, therefore, I am going to speak to you about the Nature of 
Light. I shall doubtless mention much that is familiar to each of 
you, but I shall also deal with newer problems still awaiting 
solution. 

The first problem of physical optics, the condition necessary 
for the possibility of a true physical theory of light, is the 
analysis of all the complex phenomena connected with light, 
into objective and subjective parts. The first deals with those 
phenomena which are outside, and independent of, the organ of 
sight, the eye. It is the so-called light rays which constitute the 
domain of physical research. The second part embraces the inner 
phenomena, from eye to brain, and this leads us into the realms 
of physiology and psychology. It is not at all self-evident, from 
first principles, that the objective light rays can be completely 
separated from the sight sense, and that such a fundamental 
separation involves very difficult thinking cannot better be 
proved than by the following fact. Johann Wolfgang von 
Goethe was gifted with a very scientific mind (though little 
inclined to consider analytical methods), and would never see a 
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detail without considering the whole, yet he definitely refused, 
a hundred years ago, to recognize this difference. Indeed, what 
assertion could give a greater impression of certainty to the 
unprejudiced than to say that light without the perceptive 
organ is inconceivable ? But, the meaning of the word light in 
this connection, to give it an interpretation that is unassailable, 
is quite different from the light ray of the physicist. Though the 
name has been retained for simplicity, the physical theory of 
light or optics, in its most general sense, has as little to do with 
the eye and light perceptions as the theory of the pendulum has 
to do with sound perception. This ignoring of the sense-
perceptions, this restricting to objective real phenomena, which 
doubtless, from the point of view of immediate interest, means a 
considerable sacrifice made to pure knowledge, has prepared a 
way for a great extension of the theory. This theory has sur
passed all expectations, and yielded important results for the 
practical needs of mankind. 

A very significant discovery relating to the physical nature of 
light rays was that light, emanating from stars or terrestrial 
sources, takes a certain measurable time to travel from the 
position of the source to the place at which it is observed. Wha t 
is this something which spreads through empty space and 
moves through the atmosphere at the enormous speed of 
300,000 kilometres per second? Isaac Newton, the founder of 
classical mechanics, made the most simple and obvious assump
tion that there are certain infinitesimally small corpuscles which 
are sent out in all directions with that velocity from a source of 
light, e.g. a glowing body. These particles are different for 
different colours. This provides a striking proof that a high 
authority can exercise a hindrance to the development of even 
this most exact of all natural sciences, for Newton's emanation 
theory was able to hold the field for a whole century, although 
another distinguished investigator, Christian Huygens, had 
from the first opposed it with his much more suitable undula
tion theory. Huygens did not place the velocity of light on a par 
with that of wind, as Newton did, but on a par with the velocity 
of sound, in which the velocity of propagation is something 
quite different from that of air movements. Consider the air 
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surrounding a sounding instrument or the surface of water into 
which a stone has been thrown. It is not the air or water par
ticles themselves that spread out in all directions with equal 
velocity, but the intensification and rarefaction, or wave crests 
and troughs; in other words, it is not with matter itself, but 
with a certain state of matter that we are concerned. To this 
end, Huygens formulated an ideal substance, uniformly occupy
ing all space, as a foundation for his theory. This is the light-
ether, the waves of which produce light perceptions in the eye, 
as air waves give rise to sound perceptions in the ear. The 
wave-length or frequency determines the colour in the same 
manner as it determines the pitch in sound. After a bitter con
troversy, Huygens's theory ultimately superseded that of 
Newton. This was due to the fact, amongst many others, that 
when two light rays of the same colour are superposed and made 
to travel on the same path, the intensities are not always simply 
additive, but under certain conditions the intensity is decreased 
and may even vanish. This last phenomenon, interferencej can 
be straightway explained on Huygens's assumption that in every 
case the wave crests of one ray coincide with the wave troughs 
of the other ray. Newton's emanation theory naturally con
tradicts this, since it is impossible for two similar corpuscles 
travelling with the same speed in the same direction to neutralize 
one another. 

A more significant fundamental view of the nature of light 
was obtained through the discovery of the identity of light and 
heat rays, and this was the first step on the way towards the 
complete separation of the science from the sense-perceptions. 

I The cold light rays of the moon are physically of exactly the 
f same nature as the black heat rays emitted from a stove, except 
I that they are of much shorter wavelength. It is only natural 
! that this assertion at first excited much discussion, and it is 

characteristic that Melloni, who played a great part in the 
verification of this fact, set out originally to disprove it. I t must 
be remembered that here, as in all inductive results, a logical l 

and conclusive proof cannot be given; it can only be shown that '"• 
all-laws which hold for light rays^ namely those of reflection, 
refraction, interference, polarization, dispersion, emission, and 
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