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Early in the 18th century, light was generally believed to consist of tiny particles. Of
the phenomena mentioned in the preceding section, reflection, refraction, and the sharp
shadows caused by the straight path of light were well known, and the characteristic of
finite velocity was suspected. All of these phenomena except refraction clearly could be
expected of streams of particles, and Isac Newton showed that refraction would occur if
the velocity of light increased with the density of the medium through which it traveled.

This theory of the nature of light seemed to be completely upset, however, in the first
half of the 19th century. During that time, Thomas Young studied the phenomena of
interference, and could see no way to account for them unless light were a wave motion.
Diffraction and polarization had also been investigated by that time. Both were easily
understandable on the basis of a wave theory of light, and diffraction eliminated the ”sharp-
shadow” argument for particles. Reflection and finite velocity were consistent with either
picture. The final blow to the particle theory seemed to have been struck in 1849, when
the speed of light was measured in different media and found to vary in just the opposite
manner to that assumed by Newton. Therefore, in 1850, it seemed finally to be settled
that light consisted of waves.

Even then, however, there was the problem of the medium in which light waves traveled.
All other kinds of waves required a physical medium, but light traveled through a vacuum
- faster, in fact, than through air or water. The term ether was proposed by James Clerk
Maxwell and his contemporaries as a name for the unknown medium, but this scarcely
solved the problem because no ether was ever actually found. Then, near the beginning of
the 20th century, came certain work on the emission and absorption of energy that seemed
to be understandable only if one assumed light to have a particle or corpuscular nature.
The external photoelectric effect, that is, the emission of electrons from the surfaces of
the solids when light is incident on the surfaces, was one of these. At that time, then,
science found itself in the uncomfortable position of knowing a considerable number of
experimental facts about light, of which some were understandable regardless of whether
light consisted of waves or particles, others appeared to make sense only if light were
wavelike, and still others seemed to require it to have a particle nature.

The study of light deals with some of the most fundamental proparties of the physical
world and is intimately linked with the study of the properties of submicroscopic particles
on the one hand and with the properties of the entire universe on the other. The creation
of electromagnetic radiation from matter and the creation of matter from radiation, both
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of which have been achieved, provide a fascinating insight into the unity of physics. The
same is true of the deflection of the light beams by strong gravitational fields, such as the
bending of starlight passing near the Sun.

A classification of phenomena involving light according to their theoretical interpre-
tation provides the clearest insight into the nature of light. When a detailed accounting
of experimental facts is required, two groups of theories appear which, in the majority of
cases, account separately for the wave and the corpuscular character of light. The quan-
tum theories seem to obviate questions concerning this dual character of light, and make
the classical wave theory and the simple corpuscular theory appear as two very useful
limiting theories. It happens that the wave theories of light can cope with a considerable
part of phenomena involving electromagnetic radiation. Geometrical optics, based on the
wave theory of light, can solve many of the more common problems of the propagation
of light, such as refraction, provided that the limitations of the underlying theory are not
disregarded.
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