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(c)

Find the power that would be radiated by a classical electron in the n = 1

Bohr orbit of a hydrogen atom.
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Recall the stationary-state wave functions for a particle of mass 77 in a one-
dimensional rigid box (the infinite square well) of width a, and write down
the expansion of an arbitrary wave function (x) in terms of these stationary-
state functions. What are the expansion coefficients A, if ¥(x) is in fact the

ground-state wave function? What if ¢(x) is the first excited state? What if
i(x) is a 50-50 mixture of the lowest two states?
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An electron is initially in the ground state i, of a one-dimensional rigid box.
At time r = 0 we switch on an electric field ¢ in the x direction, giving the
electron an additional potential energy W = edx. Describe the form of the
electron’s wave function a short time At later when we switch the perturba-

tion off.
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FIGURE 11.2

(a) The ground-state wave function foq an electron in an infinite square well of width a,
centered on the origin, (b) An electric field & switched on briefly adds to the wave
function of part (a) a small term proportiopal to xilry. (c) The extra term shown in part (b)
has almost exactly the shape of the exciteq-state wave function ;.
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Example 11.4

Consider again the electron of Example 11.3, which is initially in the ground
state of the infinite square well and is exposed to an electric field & for a
short time At. Find the probabilities P(1 — m) that it will subsequently be
found in the level m for m = 2, 3,and 4.
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Schematic diagram of absorption
and stimulated emission, (a) An
incident photon is absorbed by the
atom, which makes an upward
transition, (b) In stimulated
emission one photon striking the
excited atom stimulates the
emission of a second photon,
causing the atom to make a
downward transition.
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FIGURE 11.4

In the Casimir effect, zero-point . - ‘\
radiation exerts forces on tP\NO 9 0\"\‘”\ ™ g 'AQ Cav /
uncharged parallel metal plates.

Outside the plates, all wavelengths

of radiation are allowed; between Cawn CL‘ ow;,Q '(_'Le v oS F"‘"-)V‘W )
the plates, only certain discrete

wavelengths are allowed (just as

only certain discrete wavelengths .

are allowed on a stretched string). Cmis Sibv

If the plates are close enough

together, this difference produces a

measurable inward force, due to

the unequal radiation on opposite

sides of either plate.
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Some of the selection rules that apply to transitions of electrons in an atom, Each rule
is stated in the form of a condition that must be met if a transition is to be allowed (that
is, occur with significant probability). For example, the first rule, Al = +£1, means that
only transitions for which Al = I — I; = %1 are allowed. The quantum number s,
identifies the magnitude of the total spin of all the electrons; similarly ji, gives the
magnitude of the total angular momentum Y (L + §).

Quantum Number Selection Rule Reference

I (magnitude of L) Al = +1 Eq. (11.46)

m (z component of L) Am = 0or £1 Problem 11.30
Stot (total spin Y §) A = 0 Problem 11.25

jiot [total spin + orbital > (L +8)]  Ajie = 0 or £1 E Problem 11.27 2
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" % fseries Some of the allowed transitions
s series — : observed in the hydrogen atom.
n=2 \“\_\ . Mote that each involves a change of
A d series { by one unit, as is found to be the
m\-q Sh,L(L case for all allowed transitions.
Note also that the traditional labels
sl , s (sharp), p (principal), d (diffuse),
—r B and f (fundamental) were originally
no ] applied to tragnsitions, not levels.
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