
130a Homework 5, These are practice problems, you don’t need to turn them in.

1. Evaluate the following quantities:

(a) 〈p|x̂2|x〉.

(b) 〈p|p̂2|x〉.

(c) 〈x|p̂x̂|p〉

(d) 〈x′|x̂2|x〉.

2. Write the following in the bra-ket notation. Simplify the result as much as possible

(evaluate it if possible). Here ψn(x) ≡ 〈x|En〉 are complete, discrete, set of energy

eigenstates, with En 6= Em for n 6= m. Also, φn(p) ≡ 〈p|En〉.

(a)
∫
dx

∫
dp√
2πh̄

eipx/h̄φm(p)ψ∗
n(x).

(b)
∑

n ψn(x)φ∗n(p).

(c)
∑

n

∫
dp√
2πh̄

e−ipx′/h̄ψn(x)φ∗n(p).

(d)
∫
dp〈x|Ĥ|p〉φn(p).

3. A particle is in a box of size a. Suddenly the box expands to size b > a. What is the

probability that the particle will be found in the groundstate of the new potential?

What is the probability it will be found in the first excited state?

4. A particle of mass m in a box of length L has wavefunction ψ(x, t = 0) = 1√
2
u1(x) +

1√
3
u5(x) + 1√

6
u7(x).

(a) Write out ψ(x, t) (in terms of the un(x)).

(b) What energies can be measured, and with what probabilities? Do these depend

on time?

(c) What is the expectation value of the energy 〈E〉? Does this depend on time?

(d) At time t = t1, the energy is measured. The result of the measurement is the largest

of all the possible energies. What is the wavefunction immediately after the measurement?

(e) What is the wavefunction, as a function of t, for times after t = t1? What energies

can be measured, and with what probabilities, at a later time t2 > t1?
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