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PROBLEM 1: Stationary States

For a quantum system with a time independent Hamiltonian (H), the wave
function (¥(z,t)) is a linear combination of stationary state solutions (¥n(z,1))
to the Schrodinger equation:

Uy (x,t) = un(z) exp (—iEnpt/h)
where u,(z) are eigenfunctions of the Hamiltonian
Hup(z) = Equn(z)
and they form a complete orthonormal basis.

(a) Evaluate the uncertainty in the energy for a system in a stationary state
with the wave function ¥(z,t) = ¥,(z,t). [Show all work.] (2 Points)

(b) Derive the time evolution operator U(t, o) in terms of the Hamiltonian (H),
and apply it to a stationary state ¥p(z,to = 0). Describe the change in the
stationary state. (2 Points)

Now consider a particle that starts out in a normalized wave function
U(z,0) = crui(z) + coua(z)
where the u, () are real eigenfunctions of the Hamiltonian and cp are real.

(¢) Determine an expression for the wave function ¥(z,t) at subsequent times.
(2 Points)

(d) Evaluate the probability density and describe its motion in time. (3 Points)

(e) Determine the uncertainty in the energy AE with At = 7 that is the period
of oscillation in (d). (1 Points)
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PROBLEM 1: Stationary and Non-Statonary States

Consider a quantum system whose particles are in the following state:

¥(a,t) = (@) - iy Sus(arem Z5ts(@e ()

where 9, (), n = 1,2,3... are stationary states of the Hamiltonian governing the system,
Hpy(2) = Epyp(z).
Answer the following questions:

a) Do you expect (z), (z%) and (E) to be time dependent or time independent? Discuss
briefly, but do not calculate. (2 Points)

b) Is the uncertainty AE positive, negative or zero? Is AE time dependent or time inde-
pendent? Again, discuss briefly but do not calculate. (2 Points)

c) Is W(t) above a solution of the time dependent Schroedinger equation? Demonstrate. (2
Points)

d) If the stationary states ¥1(z), ¥3(x) and 15(x) are eigenstates of the harmonic oscillator,
will any of your answers to part a) change? Justify. (2 Points)

e) Now assume the particles are in the state
U (z,t) = p3(z)e ot/

Answer parts a) and b) for this state. (2 Points)
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