Until the beginning of the 19th century, light was modeled as a stream of particles emitted by a source
that stimulated the sense of sight on entering the eye. The chief architect of the particle theory of light was
Newton. With this theory, he provided simple explanations of some known experimental facts concerning
the nature of light, namely, the laws of reflection and refraction.
Most scientists accepted Newton's particle theory of light. During Newton's lifetime, however, another
theory was proposed. In 1678 Dutch physicist and astronomer Christian Huygens (1629-1695) showed
that a wave theory of light could also explain the laws of reflection and refraction.
The wave theory didn't receive immediate acceptance, for several reasons. First, all the waves known at
the time (sound, water, and so on) traveled through some
sort of medium, but light from the Sun could travel to Earth through empty space. Further, it was argued
that if light were some form of wave, it would bend around obstacles; hence, we should be able to see
around corners. It is now known that light does indeed bend around the edges of objects. This
phenomenon, known as diffraction, is difficult to observe because light waves have such short
wavelengths. Even though experimental evidence for the diffraction of light was discovered by Francesco
Grimaldi (1618-1663) around 1660, for more than a century most scientists rejected the wave theory and
adhered to Newton's particle theory, probably due to Newton's great reputation as a scientist.
The first clear demonstration of the wave nature of light was provided in 1801 by Thomas Young (17731829), who showed that under appropriate conditions, light exhibits interference behavior. Light waves
emitted by a single source and traveling along two different paths can arrive at some point and combine
and cancel each other by destructive interference. Such behavior couldn't be explained at that time by a
particle model because scientists couldn't imagine how two or more particles could come together and
cancel one another.
The most important development in the theory of light was the work of Maxwell, who predicted in 1865
that light was a form of high-frequency electromagnetic wave (Chapter 21). His theory also predicted that
these waves should have a speed of3X 108 m/s, in agreement with the measured value.
Although the classical theory of electricity and magnetism explained most known properties of light,
some subsequent experiments couldn't be explained by the assumption that light was a wave. The most
striking experiment was the photoelectric effect (which we examine more closely in Chapter 27),
discovered by Hertz. Hertz found that clean metal surfaces emit charges when exposed to ultraviolet light.
In 1905, Einstein published a paper that formulated the theory of light quanta ("particles") and explained
the photoelectric effect. He reached the conclusion that light was composed of corpuscles, or
discontinuous quanta of energy. These corpuscles or quanta are now called photons to emphasize their
particle-like nature. According to Einstein's theory, the energy of a photon is proportional to the frequency of the electromagnetic wave associated with it, or
£= hf, where h = 6.63 X lO'^J • s is Planck's constant. This theory retains some features of both the wave
and particle theories of light. As we discuss later, the photoelectric effect is the result of energy transfer
from a single photon to an electron in the metal. This means the electron interacts with one photon of light
as if the electron had been struck by a particle. Yet the photon has wave-like characteristics, as implied by
the fact that a frequency is used in its definition.
In view of these developments, light must be regarded as having a dual nature: In some experiments
light acts as a wave and in others it acts as a particle. Classical electromagnetic wave theory provides
adequate explanations of light propagation and of the effects of interference, whereas the photoelectric
effect and other experiments involving the interaction of light with matter are best explained by assuming
light is a particle.
So in the final analysis, is light a wave or a particle? The answer is neither and both: light has a number of
physical properties, some associated with waves and others with particles.

Questions (5 points)

1) Interference is one important sign of
a) waves
b) particles

2) The particle theory of light couldn’t explain:
a) law of reflection
b) diffraction
c) law of refraction

3) The light bends around the corners.
a) true
b) false

4) Who was the first who experimentally claims that light is not a normal electro-magnetic wave?

5) Einstein considered the light being
a) particle
b) wave

