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the larger scale, classical physics could still explain most of what was going
on — but when it came to effects that depended on the micro-world, classi-
cal physics began to break down. Taking a look at how classical physics col-
lapsed gives you an introduction to quantum physics that shows why people
needed it.

Being Discrete: The Trouble
with Black-Body Radiation

One of the major ideas of quantum physics is, well, quantization — measuring
quantities in discrete, not continuous, units. The idea of quantized energies
arose with one of the earliest challenges to classical physics: the problem of
black-body radiation.

When you heat an object, it begins to glow. Even before the glow is visible,
it’s radiating in the infrared spectrum. The reason it glows is that as you heat
it, the electrons on the surface of the material are agitated thermally, and
electrons being accelerated and decelerated radiate light.

Physics in the late 19th and early 20th centuries was concerned with the
spectrum of light being emitted by black bodies. A black body is a piece of
material that radiates corresponding to its temperature — but it also absorbs
and reflects light from its surroundings. To make matters easier, physics pos-
tulated a black body that reflected nothing and absorbed all the light falling
on it (hence the term black body, because the object would appear perfectly
black as it absorbed all light falling on it). When you heat a black body, it
would radiate, emitting light.

Well, it was hard to come up with a physical black body — after all, what
material absorbs light 100 percent and doesn’t reflect anything? But the
physicists were clever about this, and they came up with the hollow cavity
you see in Figure 1-1, with a hole in it.

When you shine light on the hole, all that light would go inside, where it
would be reflected again and again — until it got absorbed (a negligible
amount of light would escape through the hole). And when you heated the
hollow cavity, the hole would begin to glow. So there you have it — a pretty
good approximation of a black body.
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Figure 1-1:
A black
body.

You can see the spectrum of a black body (and attempts to model that spec-
trum) in Figure 1-2, for two different temperatures, T, and T,. The problem
was that nobody was able to come up with a theoretical explanation for the
spectrum of light generated by the black body. Everything classical physics
could come up with went wrong.
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First attempt: Wien’s Formula

The first one to try to explain the spectrum of a black body was Willhelm
Wien, in 1889. Using classical thermodynamics, he came up with this formula:

u(v,T): Av’e ™"

where A and P are constants you determine from your physical setup, v is the
frequency of the light, and T is the temperature of the black body. (The spec-
trum is given by u[v, T], which is the energy density of the emitted light as a
function of frequency and temperature.)

This equation, Wien’s formula, worked fine for high frequencies, as you can
see in Figure 1-2; however, it failed for low frequencies.

Second attempt: Raleigh-Jeans Law

Next up in the attempt to explain the black-body spectrum was the Raleigh-
Jeans Law, introduced around 1900. This law predicted that the spectrum of
a black body was

u(u,T):SZ—?sz

where k is Boltmann’s constant (approximately 1.3807 x 102 J.K-1). However,
the Raleigh-Jeans Law had the opposite problem of Wien’s law: Although it
worked well at low frequencies (see Figure 1-2), it didn’t match the higher-
frequency data at all — in fact, it diverged at higher frequencies. This was
called the ultraviolet catastrophe because the best predictions available
diverged at high frequencies (corresponding to ultraviolet light). It was time
for quantum physics to take over.

An intuitive (quantum) leap:
Mayx Planck’s spectrum

The black-body problem was a tough one to solve, and with it came the first begin-
nings of quantum physics. Max Planck came up with a radical suggestion —
what if the amount of energy that a light wave can exchange with matter
wasn’t continuous, as postulated by classical physics, but discrete? In other

































