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It may be shown, from the time-dependent Schridinger equation, that for an opera-
tor O that does not explicitly depend on time, the time-derivative of the expectation

value is
d{o) _ 1

dt if

Consgider the case where € is the momentum operator i
s ¥

S R

p-t I’ar
and where F is the one-dimensional Hamiltonian for a particle of mass m moving
in a harmonic potential Viz) = Lkr®.
By considering the action of [f, /] on a general state, find an expression for the
rate of change of (f.). -
Comment on the relationship to the classical expression for the rate of change of
oI e,
To what quantity does the variable wy = 1lln'F:J."rr: correspond in the classical system?
In terms of wy, state the allowed energy eigenvalues according to gquantum mechanics.

Making the substitution y =  /muy/h, the time-independent Schrodinger equation
for this system is
el 2E

L

| L dy Freary
The ground state cigenfunction of this equation is gy o expl—y*/2) , with eigenvalue
Ey = Fug/2.
Verify that oy oc (2y® — 1) exp(—#°/2) is also a solution of the time-independent
Schridinger equation, and that the corresponding energy vigenvalue is B = 5Ep.

What are the corresponding solutions, Ty(y, t) and Fa(y,t) of the time-dependent
Schradinger equation?

I l'.
The particle is initially prepared in the state : :
1 (ay=he

W(y, 0) = Ay* exp{—3*/2),

where A is a constant chosen in such a way that ¥ is correctly normalized, Express
$(y,0) in terms of Wply, 0) and ¥o(y, 0). Hence show that the probability density
per unit length p of finding the particle at the origin x = {) varies with time as

2
o %—»..r"mnfh (1 — cos(2unt)]
ey
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