A neon tube is a thin glass tube
filled with neon (or other) gas that
glows with a particular color when a
current at high voltage passes
through it. Gas atoms, exciled to
upper energy levels, jump down to
lower energy levels and emit light
{photons) whose wavelengths (color)
are characteristic of the type of gas.

In this Chapter we study what
quantum mechanics tells us aboul
atoms and energy levels, and the

effect of the exclusion principle.

CHAPTER

Quantum Mechanics of Atoms

ohr’s model of the atom gave us a first (though rough) picture of what

an atom is like. It proposed explanations for why there is emission and

absorption of light by atoms at only certain wavelengths, The wavelengths
of the line spectra and the ionization energy for hydrogen (and one-electron
ions) are in excellent agreement with experiment. But the Bohr theory had
important limitations. It was not able to predict line spectra for more complex
atoms—not even for the neutral helium atom, which has only two electrons.
Nor could it explain why emission lines, when viewed with great precision,
consist of two or mare very closely spaced lines (referred to as fine structure).
The Bohr theory also did not explain why some spectral lines were brighter
than others. And it could not explain the bonding of atoms in molecules or
in solids and liquids.

From a theoretical point of view, too, the Bohr theory was not satisfactory:
it was a strange mixture of classical and quantum ideas. Moreover, the
wave—particle duality was not really resolved.

We mention these limitations of the Bohr theory not to disparage it—for it
was a landmark in the history of science. Rather, we mention them to show why,
in the early 1920s, it became increasingly evident that a new, more comprehensive
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