Problem 2: WKB approximation (10 Points):

The one-dimensional Schrodinger equation,

h2 d2,¢
——2——5*%—2— -+ V(:E)’(,Z) = FEy
can be rewritten as
G
dz2 ~ 2

where

p(z) = /2m[E - V(z)].

The wave function 1(z) is often expressed as ¥(x) = A(z)e®
where A(z) is the amplitude and ¢(z) is the phase. Both A(z) and ¢(z)
can be real.

. . . C
(a) Show that the amplitude is A = 75
where C is a constant and prime is the derivative with respect to z.
(2 points)
(b) (3 points) Let us assume that A”/A < (¢')? and A"/A < p®/h?. Show

that the wave function in the WKB approximation is

() ~ ¢ oEi [p(@)de
p(z)

In parts (c)—(e), the potential energy of the one-dimensional harmonic
oscillator is

1
V(z) = EmwQ:v?‘ :

(¢) Find the classical turning points z; < xg for an energy E. (1 points)

(d) Evaluate the phase ¢ in terms of E and w with the WKB method. (3
points)

(e) Apply the eigenvalue condition ¢ = (n+ %) wh and find energy eigen-
values F,. (1 points)
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