
PHYS 342 (Spring 2023) Test 2, V1 Name:

Multiple choice (5 pts each) – circle the correct answers.

1. Suppose the 4 electrons in Be all have the same ms = 1/2. Which is the lowest energy
allowed configuration under this condition? Only 1 electron in each (n, l,ml)

(a) 1s4

(b) 1s22s2

(c) 1s2s2p2

(d) 1s2s2p3s

2. A particle moves in 1D. For x < 0, the potential energy is 0. For x > 0, the potential
energy is 1 eV. If the particle has a total energy of 10 eV, which statement(s) are
correct? ψ(x) is continuous and oscillates for all x, λ increases for increasing
U

(a) the wave function is discontinuous at x = 0.
(b) the de Broglie wavelength for x < 0 is greater than that for x > 0.
(c) for x > 0, the wave function exponentially decreases towards ∞: ψ(x) = Ae−κx.
(d) for x < 0, the wave function exponentially decreases towards −∞: ψ(x) = Aeκx.
(e) none of the above are correct.

3. For this question, don’t worry about the spin of the electron. Circle all of the impossible
states of hydrogen (n, l,ml). Required n > ℓ ≥ |ml|

(a) (5, 0, 0) (b) (2, 1,−1) (c) (5, 5, 2)
(d) (3, 2, 3) (e) (1, 0, 0) (f) (50, 3, 0)

4. The 3
1H2 nucleus has a half life of 12 years. You make one 3

1H2 when you are 25 years
old. How old will you be when it radioactively decays? I said I would ask this

(a) 37 years old
(b) 49 years old
(c) 61 years old
(d) When it decays can not be predicted.
(e) none of the above

5. A hydrogen atom in its ground state absorbs a photon and goes to a free electron and
proton. The minimum photon energy for this process is 13.6 eV. For the same process
in muonic hydrogen (a bound muon and proton in the ground state absorbs a photon
and goes to a free muon and proton), what is the minimum photon energy required?
For hydrogen-like, energy is proportional to M .

(a) more than 13.6 eV.
(b) less than 13.6 eV.
(c) 13.6 eV.



Problems: Show all work to receive full credit.
Fundamental constants (e, h, masses, etc) are top of the equation page.

1.10 pts 8
4Be4 decays by emission of an alpha particle. a) What is the total energy released? b)
What is the speed of the alpha particle?

Counting the number of neutrons and protons, this isotope decays into two
alpha particles.

E = (8.005305 u− 2× 4.002603 u) c2 × 931.5MeV/c2 = 0.092MeV

To conserve momentum, the two alpha particles must be going in opposite
directions with the same speed. So each one gets 1/2 of the total energy.
The KE = (0.092MeV/2)× 1.602× 10−13 J/MeV = 7.4× 10−15 J

v =
√
2 KE/M =

√
2× 7.4× 10−15 J/(4.00× 1.66× 10−27) = 1.5× 106 m/s

This isn’t relativistic so it’s OK to use the nonrelativistic KE.

2.10 pts A hydrogen atom in the ground state starts at rest where the magnetic field points in
the z-direction with magnitude 2.00 T. The magnetic field gives an interaction energy
of U = −µ⃗ · B⃗. It accelerates to a spot 1 cm away where the magnetic field points in
the z-direction with a magnitude 2.60 T. a) What is the value of the spin magnetic
quantum number? b) What is the kinetic energy of the hydrogen atom?

This is a conservation of energy problem. From the formula sheet, U =
(e/m)SzB with Sz = msh̄ with ms = 1/2 or −1/2. Since the hydrogen atom
accelerated from rest, the U must be decreasing. Therefore, a) ms = −1/2.
For b) use KEi + Ui = KEf + Uf with i meaning initial and f meaning final.
Since KEi = 0, KEf = Ui − Uf

KEf = (e/m)h̄ms(Bi −Bf )

= (1.60× 10−19/9.11× 10−31)1.05× 10−34(−1/2)(−0.6) = 5.53× 10−24 J



3.10 pts In an atom, there are two electrons with ms = 1/2. One is in the 2p state and the
other is in the 3d state. a) What is the total number of two electron states with these
conditions? b) Suppose the two angular momenta add to give a total orbital angular
momentum L. What are the allowed values of L? c) How many states are there for
each L?

a) Because both electrons have ms = 1/2, the only multiplicity is coming
from the l, l = 1 for 2p and l = 2 for 3d. The number of ml with the same l
is 2l + 1. There are 3 states of 2p and 5 states of 3d. The total number of
possible states is the product of each possibility: 15. b) Lmin = |l1 − l2| = 1
and Lmax = l1 + l2 = 3 so L can be 1 or 2 or 3. c) There are 3 states with
L = 1, 5 states with L = 2, and 7 states with L = 3. (Note the total number
of states is again 15)

4.10 pts A proton is fired directly at a 235
92U143 nucleus. What minimum energy does the proton

need to reach the nucleus?

This is again a conservation of energy problem. The distance of closest
approach is d = zZe2/(4πε0KE). This distance is the sum of the radii of the
nucleus and the proton, R = R0 A

1/3.

d = 1.2 fm 2351/3 + 1.2 fm 11/3 = 8.6× 10−15 m

KE = (1×92×(1.60×10−19)2×8.99×109/8.6×10−15) J = 2.46× 10−12 J = 15.4MeV



5.15 pts A particle of mass m experiences a potential which is U(x) = U0 > 0 for x < 0 and
U(x) = −U0 for x > 0. For −U0 < E < U0, determine the wave function for all x.
(Hint: you should probably break it up into a solution for x < 0 and a solution for
x > 0; then use the correct rules to connect the two pieces.)

Break up the solution into the solution for x < 0 and the solution for x > 0.
For x < 0, use the solution for E < U0. For x > 0, use the solution for
E > −U0.

x < 0 ψ(x) = Aek
′x +Be−k′x with k′ =

√
2m(U0 − E)/h̄2

x > 0 ψ(x) = Ceikx +De−ikx with k =
√
2m(E + U0)/h̄

2

The region for x > 0 could be done with sines and cosines. To figure out
relations between the A,B,C,D, you need to get the boundary conditions
correct. Because E < U0 for x < 0, the wave function has to go to 0 as
x → −∞. This means B = 0. The wave function has to be continuous and
the derivative of the wave function has to be continuous for this problem.

continuous A = C +D

continuous derivative k′ A = ik(C −D) gives C −D = −ik
′

k
A

C =
1

2

(
1− i

k′

k

)
A

D =
1

2

(
1 + i

k′

k

)
A

To summarize (not necessary):

x < 0 ψ(x) = Aek
′x with k′ =

√
2m(U0 − E)/h̄2

x > 0 ψ(x) =
A

2k

[
(k − ik′)eikx + (k + ik′)e−ikx

]
with k =

√
2m(E + U0)/h̄

2

Can be simplified to (definitely not necessary, but kind of fun)

x < 0 ψ(x) = Aek
′x with k′ =

√
2m(U0 − E)/h̄2

x > 0 ψ(x) = A

[
cos(kx) +

k′

k
sin(kx)

]
with k =

√
2m(E + U0)/h̄

2



g = 9.80 m
s2

h = 6.63×10−34 J s = 4.14×10−15 eV s h̄ = h
2π

c = 3.00×108 m
s

Melec = 9.11× 10−31 kg Mprot = 1.67× 10−27 kg Mmuon = 1.88× 10−28 kg

1.60× 10−19 J = 1 eV e = 1.60× 10−19 C 1/(4πε0) = 8.99× 109 N m2/C2








