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(see Chapter 31). Wolfgang Pauli {right) and Enrico Fermi (left).

theory was needed. It was not long in coming. Less than two vears after de Broglie
gave us his matter—wave hypothesis, Erwin Schrédinger (1887-1961; Fig. 28-1)
and Werner Heisenberg (1901-1976; Fig. 28-2) independently developed a
new comprehensive theory.

m Quantum Mechanics—A New Theory

The new theory, called quantum mechanies, has been extremely successtul. Tt
unifies the wave—particle duality into a single consistent theory and has success-
fully dealt with the spectra emitted by complex atoms, even the fine details. It
explains the relative brightness of spectral lines and how atoms form molecules.
It is also a much more general theory that covers all quantum phenomena from
blackbody radiation to atoms and molecules. It has explained a wide range of
natural phenomena and from its predictions many new practical devices have
become possible. Indeed, it has been so successful that it is accepted today by
nearly all physicists as the fundamental theory underlying physical processes.

Quantum mechanics deals mainly with the microscopic world of atoms and
light. But this new theory, when it is applied to macroscopic phenomena, must
he able to produce the old classical laws, This, the correspondence principle
(already mentioned in Section 27-12), is satisfied fully by quantum mechanics.

This doesn’t mean we throw away classical theories such as Newton's laws,
In the everyday world, the latter are far easier to apply and they give suffi-
ciently accurate descriptions. But when we deal with high speeds, close to the
speed of light, we must use the theory of relativity: and when we deal with the
tiny world of the atom, we use quantum mechanics.

Although we won't go into the detailed mathematics of quantum
mechanics, we will discuss the main ideas and how they involve the wave and
particle properties of matter to explain atomic structure and other applications.

The Wave Function and Its Interpretation;
the Double-Slit Experiment

The important properties of any wave are its wavelength, frequency, and ampli-
tude. For an electromagnetic wave, the frequency (or wavelength) determines
whether the light is in the visible spectrum or not, and if so, what color it is.
We also have seen that the frequency is a measure of the energy of the
corresponding photon (£ = hf). The amplitude or displacement of an electro-
magnetic wave at any point is the strength of the electric (or magnetic) field at
that point, and is related to the intensity of the wave (the brightness of the light).

SECTION 28-2 The Wave Function and Its Interpretation; the Double-Slit Experiment
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