SOUND AND LIGHT WAVES
Sound waves
The phenomenon of sound is easily found to have all the characteristics we expect
from a wave phenomenon:


Sound waves obey superposition. Sounds do not knock other sounds out of the way
when they collide, and we can hear more than one sound at once if they both reach
our ear simultaneously.



The medium does not move with the sound. Even standing in front of a titanic
speaker playing earsplitting music, we do not feel the slightest breeze.



The velocity of sound depends on the medium. Sound travels faster in helium than
in air, and faster in water than in helium. Putting more energy into the wave makes
it more intense, not faster. For example, you can easily detect an echo when you
clap your hands a short distance from a large, flat wall, and the delay of the echo is
no shorter for a louder clap.
Although not all waves have a speed that is independent of the shape of the wave,
and this property therefore is irrelevant to our collection of evidence that sound is a
wave phenomenon, sound does nevertheless have this property.

For instance, the music in a large concert hall or stadium may take on the order of
a second to reach someone seated in the nosebleed section, but we do not notice or
care, because the delay is the same for every sound. Bass, drums, and vocals all
head outward from the stage at 340 m/s, regardless of their differing wave shapes.
(The speed of sound in a gas is related to the gas's physical properties in
example 13 on p. 375.)
If sound has all the properties we expect from a wave, then what type of wave is it?
It is a series of compressions and expansions of the air. Even for a very loud sound,
the increase or decrease compared to normal atmospheric pressure is no more than
a part per million, so our ears are apparently very sensitive instruments. In a
vacuum, there is no medium for the sound waves, and so they cannot exist. The
roars and whooshes of space ships in Hollywood movies are fun, but scientifically
wrong.

Light waves
Entirely similar observations lead us to believe that light is a wave, although the
concept of light as a wave had a long and tortuous history. It is interesting to note
that Isaac Newton very influentially advocated a contrary idea about light.

The belief that matter was made of atoms was stylish at the time among radical
thinkers (although there was no experimental evidence for their existence), and it
seemed logical to Newton that light as well should be made of tiny particles, which
he called corpuscles (Latin for “small objects”). Newton's triumphs in the science
of mechanics, i.e., the study of matter, brought him such great prestige that nobody
bothered to question his incorrect theory of light for 150 years. One persuasive
proof that light is a wave is that according to Newton's theory, two intersecting
beams of light should experience at least some disruption because of collisions
between their corpuscles. Even if the corpuscles were extremely small, and
collisions therefore very infrequent, at least some dimming should have been
measurable. In fact, very delicate experiments have shown that there is no
dimming.
The wave theory of light was entirely successful up until the 20th century, when it
was discovered that not all the phenomena of light could be explained with a pure
wave theory. It is now believed that both light and matter are made out of tiny
chunks which have both wave and particle properties. For now, we will content
ourselves with the wave theory of light, which is capable of explaining a great
many things, from cameras to rainbows.

If light is a wave, what is waving? What is the medium that wiggles when a light
wave goes by? It isn't air. A vacuum is impenetrable to sound, but light from the
stars travels happily through zillions of miles of empty space. Light bulbs have no
air inside them, but that doesn't prevent the light waves from leaving the filament.
For a long time, physicists assumed that there must be a mysterious medium for
light waves, and they called it the ether (not to be confused with the chemical).
Supposedly the ether existed everywhere in space, and was immune to vacuum
pumps. The details of the story are more fittingly reserved for later in this course,
but the end result was that a long series of experiments failed to detect any
evidence for the ether, and it is no longer believed to exist. Instead, light can be
explained as a wave pattern made up of electrical and magnetic fields.
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