
Physics 402 Midterm, March 2, 2017

1) If |A⟩ = i
2
| ↑⟩ −

√
3
2
| ↓⟩, what is ⟨A| ↑⟩?

a) i/2

b) −i/2

c) −
√
3/2

d)
√
3/2

2) Which of the following represents the average value of energy E that we would obtain if
we made measurements of energy on many identical states |Ψ⟩?

a) Ĥ|Ψ⟩

b) ⟨Ψ|Ĥ|Ψ⟩

c) ⟨E|Ψ⟩

d) |⟨E|Ψ⟩|2

e) ∆E

3) If Ô1 and Ô2 are both time-independent Hermitian operators, which of the following is a
consequence of [Ô1, Ô2] = 0?

a) The expectation value of the physical observables associated with Ô1 and Ô2 are unchang-
ing in time.

b) We can find a basis of states which have definite values for the quantities O1 and O2.

c) The operation (11− iϵO1) is a symmetry of the theory.

d) All of the above.

4) The state |3⟩ of the quantum harmonic oscillator with energy 7/2~ω, is an eigenstate of
which operator?

a) a b) a† c) a†a d) a+ a†

5) A quantum system with a time-independent Hamiltonian is in some energy eigenstate |E⟩
at time t = 0, which of the following is NOT true about this state

a) The energy expectation value will be independent of time.

b) All physical observables will be independent of time.

c) If we measure the energy at any later time, we will always find E.

d) The position space probability density for the state will oscillate periodically with a
specific frequency.



6) For the linear combination 1√
14
(|E1⟩ + 2|E2⟩ + 3|E3⟩) of energy eigenstates, suppose we

measure the energy. The probability that we will find E2 is

a) 1/14

b) 1/7

c) 2/7

d) 4/7

e) 0

7) If P̂ is the momentum operator, which of the states below represent the state |Ψ⟩ of a
particle in one dimension translated to the right by a non-infinitesimal amount a?

a) aP̂|Ψ⟩

b) (1− iaP̂/~)|Ψ⟩

c) e−iaP̂/~|Ψ⟩

d) ⟨a|P̂ |Ψ⟩

8) For the states of an electron bound in a hydrogen atom, we can say that the possible
energies are

a) equally spaced

b) farther apart for lower energies

c) farther apart for higher energies

d) all continuous

9) If we add a perturbation λx3 to a harmonic oscillator the first nonzero correction to the
energy of the state |0⟩ is

a) λ⟨1|x3|1⟩

b) λ⟨0|x3|0⟩

c)
∑∞

n=1
|λ⟨n|x3|0⟩|2
E0−En

d) λ
∑∞

n=1 |n⟩
⟨n|x3|0⟩
E0−En

10) Which of the following defines is the wavefunction ψ(x) of a state |Ψ⟩?

a) ⟨Ψ|Ψ⟩

b) ⟨Ψ|x̂|Ψ⟩

c) x̂|Ψ⟩

d) ⟨x|Ψ⟩



Long Answer Question 1

a) In quantum mechanics, what is meant by the statement that a physical observable O is
conserved (give one definition)? What property of the associated operator guarantees this
to be true?

b) What is meant by a symmetry in quantum mechanics? How are symmetries represented
mathematically in quantum mechanics?



Long Answer Question 2 From special relativity, the exact formula for kinetic energy in
terms of momentum is

EK =
√
m2c4 + p2c2 −mc2 =

p2

2m
− 1

8m3c2
p4 + . . . . (1)

So we can take into account the leading effects of special relativity by adding H1 = − 1
8m3c2

p4

to the Hamiltonian for a system. For a particle of mass m in a 1D harmonic oscillator
potential mω2/2 in the first excited state |1⟩, what is correction to the energy if we take into
account this perturbation to first order?



Long Answer Question 3 Consider a system of two spin half particles (at some fixed
positions that we ignore), with Hamiltonian

H = −Y S1
zS

2
z . (2)

where Y is some positive constant and S1
z , S

2
z , are the z-spin operators which act on the first

and second spins respectively (without affecting the other spin).

a) Write a basis of energy eigenstates for this system and indicate the energy of each state.

b) Calculate the energy shift(s) for the ground state(s) when we add a perturbation H1 =
λS1

yS
2
y .



c) If we start in the state

|Ψ(t = 0)⟩ = 1√
2
(| ↑↑⟩+ | ↓↑⟩) , (3)

what is the state after time T , and what is the probability that if we measure Sx, the first
spin will have Sx = ~/2?


