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Time-Indepenent
Perturbation Theory

11-1 ENERGY SHIFTS AND PERTURBED EIGENSTATES

There are few potentials V(r) for which the Schridinger equation is exactly solvable, and
we have already discussed most of them. We must therefore develop techniques for ob-
taining eigenvalues and eigenfunctions for all the other potentials. The general availabil-
ity of computers would seem to render this effort as unnecessary, and indeed, if only
numerical values of energy eigenvalues, for example, are needed, the techniques that we
develop in this chapter cannot compete in accuracy with the simplest programs. The rea-
son for discussing perturbation theory is that even at the lowest level of approximation we
eetl insicht into how enereies shift and how eieenfunctions are chaneed bv a chanee in the
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Supplement 4-C Periodic Potentials

Metals generally have a crystalline structure; that is, the ions are arranged in a way that
exhibits a spatial periodicity. In our one-dimensional discussion of this topic, we will see
that this periodicity has two effects on the motion of the free electrons in the metal. One is

that for a perfect lattice—that is, for ions spaced equally—the electron propagates with-
out reflection; the other is that there are restrictions on the energies allowed for the elec-

trons; that is, there are allowed and forbidden energy “bands.”
We begin with a discussion of the consequences of perfect periodicity.
The periodicity will be built into the potential, for which we require that

Vix + a) = V(x) 4C-1)

Ion core t a

A




Nearly free electron model
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The energy eigenvalues of H(A) change as A goes from zero to one. On the A = 0 vertical axis, the HO HO -+ Hl

H(©) eigenstates are represented by heavy dots. For A = 1, the dots have shifted.
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2. Consider an infinite potential as discussed in class, with boundaries at x = 0 and x =
a, while containing a small step potential:
V(x) =00,x>a,x<0
=0,a/2< x<a.

=—-b,0< x<a/2.
) V()
A
04----- .
-
-b b3 X
0 a/2 a

The eigenfunction of an infinite box is known to be:

2 nmx
Yx) = |—sin—, 0<x<a
a a

=0 x<0,x>a

n2m2n2

with energy eigenvalues: E,(lo) =5

Calculate the correction in first order of b to the ground state energy E 1(1).
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Perturbed Eigenstates
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The second-order correction to the energy of the state [7(?)) receives negative contributions from
the higher-energy states and positive contributions from the lower-energy states. Visualizing
states on the energy scale, we have an effective repulsion preventing the state [7(?)) from
approaching the neighboring states.
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The energy eigenvalues of H(A) change as A goes from zero to one. On the A = 0 vertical axis, the
H(©) eigenstates are represented by heavy dots. For A = 1, the dots have shifted.
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Figure 25.1
The energy eigenvalues of H(A) change as A goes from zero to one. On the A = 0 vertical axis, the
HO) eigenstates are represented by heavy dots. For A = 1, the dots have shifted.
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