Test 3
Name _________________
November 4, 2020
This test consists of three parts. Please note that in parts II and III, you can skip one question of
those offered.
Part I: Multiple Choice [20 points]
For each question, choose the best answer (2 points each). Your test will have had these
questions in a random order.
2. The solutions of Schrodinger's time-dependent equation can take the form
Ψ ( x, t ) =
ψ ( x ) e −iEt  what conditions?
A)
B)
C)
D)
E)

If the times are sufficiently small
If the potential is independent of time
If the potential is continuous
If the wave function is normalized
If the potential is symmetric, so that V ( x, t=
) V ( − x, t )

3. If you take a single photon and send it through a partially silvered mirror which divides the
wave function in two, and then measure which way that single photon went, what would
happen, assuming perfect detectors?
A) You get two photons, each one with half the energy of the original
B) 50% of the time you get it in one detector, 50% in the other, but never neither and never
both
C) 25% in both detectors, 25% in neither, 25% in one of them, and 25% in the other one
D) 50% of the time in both detectors, and 50% in neither
E) Nothing happens until you put two photons in, in which case you get one in each
4. Suppose you are solving Schrodinger's equation, and there is a sudden (but finite) change in
the potential. What sort of condition do you want at the boundary between the two regions?
A) Match the wave function (only)
B) Match the derivative of the wave function (only)
C) Match the wave function AND its derivative
D) The wave function must vanish
E) The derivative of the wave function must vanish
5. If a particle has an energy E and impacts a thick barrier of width L and height V0 > E, what
will happen?
A) It will be 100% reflected
B) It will be 100% transmitted
C) It will mostly be reflected, with a tiny bit of transmission
D) It will be mostly transmitted, with a tiny bit of reflection
E) It will be both transmitted and reflected, with comparable probabilities

6. If Ψ1 and Ψ 2 are solutions of Schrodinger's equation, which of the following must also be a
solution?
A) Ψ1 + Ψ *2
B) Ψ1 ⋅ Ψ 2
C) Ψ1 Ψ 2
D) 3Ψ1* + 4Ψ *2
E) 12 ( Ψ1 + Ψ 2 )
7. What sort of behavior would you generally want for a solution to Schrodinger's equation if it
is going to be normalizable?
A) It should have a continuous derivative
B) It should go to a constant at infinity
C) It should vanish at at least one place
D) It should fall off to zero at infinity
E) It should be continuous
8. Which of the following happens when you take quantum mechanics to three dimensions?
A) The wave function becomes a function of all three coordinates, Ψ ( x, y, z , t )
B) The wave function becomes a sum of wave functions for each of the three dimensions
C) Schrodinger's equation becomes three separate equations, one for each dimension
2
D) Probabilities are no longer described by integrals of Ψ
E) You must make the wave function anti-symmetric when you interchange the various
space coordinates x, y, and z.
9. Bound states occur if
A) The wave function is exactly zero outside of a small region
B) Real wave functions satisfy Schrodinger's equations
C) The potential is larger than the energy at at least one point in the interior
D) The energy is more than the potential at infinity
E) The energy is less than the potential at infinity
10. When you calculate an expectation value of the position operator x , what does it tell you?
A)
B)
C)
D)
E)

The most likely place to find the particle
The place the particle will be, but only if it is measured
The place to which the wave function will be attracted over time
The average value if you were to measure the position
The largest or smallest value of the position you could measure

11. What would be an appropriate complete set of initial conditions for a wave function governed
by Schrodinger's equation?
0)
A) The initial wave function Ψ ( x, t =
 ( x, t =
B) The initial wave function Ψ ( x, t =
0 ) and its first time derivative Ψ
0)
0 ) and the initial position of the particle x ( t = 0 )
C) The initial wave function Ψ ( x, t =
D) The initial positon x ( t = 0 ) and momentum p ( t = 0 ) of the particle
E) Just the initial position x ( t = 0 )
Part II: Short essay [20 points]

Choose two of the following three questions, and write a short essay (2-3 sentences).
You may type both answers into the answer box at the end, or you may upload your answers as
an image into the box. Each question is worth 10 points.
12A. For what sort of potential do the energy values come out evenly spaced? Find a formula,
in this case, for the difference in energy between level n and level m.
12B. Explain what the expectation value of the Hamiltonian H corresponds to if we were to
measure it for a given wave function.
12C. For the hydrogen atom, we wrote the wave function in the form ψ = R ( r ) Y (θ , φ ) . Why
does this make sense for the hydrogen atom, but not, for example, for the 3D box?

Part III: Calculation: [60 points]
Choose three of the following four questions. Each question is worth 20 points. Type only your
answers to each part into the essay box provided.
13. A wave function in the region 0 < x < a is given
by ψ ( x )
=

(

)

30 a 5 ax − x 2 , as sketched at right. Outside

this region, the wave function vanishes. This wave function
has expectation values x = 12 a and x 2 = 72 a 2 .
a) What are the expectation values of p and p 2 ?
b) What are the uncertainties ∆x and ∆p ?
c) Does this wave function satisfy the uncertainty relation?
14. A group of 3,600 particles have energy E = 12 eV. They approach a step potential of size V0.
It is found that 3,200 of them are transmitted.
a) What is the reflection probability R?
b) What are the possible values of V0?
15. An electron (=
m 9.11×10−31 kg ) in a one-dimensional box is in the n = 5 state. When it falls
from this state to the lowest energy state, it emits a photon with an energy of
=
E 2.31×10−19 J .
a) Find a formula for the difference in energy between the two states in terms of m and L.
b) What is the length L of this box in nm?
c) Suppose a photon with the same energy had been absorbed, instead of emitted. What
level would it be in now?
16. A single electron in a hydrogen atom has its total angular momentum squared and it is given
by L2 = 12 2 . Recall that the energy of a hydrogen atom is given by E = − (13.6 eV ) n 2 .
a) What is the value of the quantum number l?
For each of the quantities below, tell how many possible values there could be, and what the
smallest (most negative) value it could be. Some answers may be infinite.
b) The angular momentum around the z-axis Lz
c) The spin around the z-axis Sz
d) The energy E

