
PHYS 342 (Spring 2025) Test 2, V1 Name:

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

1. For a hydrogen atom, the electron is in the state with n = 7, l = 4, ml = −2.
Determine the number of nodes in the r part of the wave function, the θ part of the
wave function, and the ϕ part of the wave function: (nr, nθ, nϕ). HWK 10, Prob 3

(a) (7, 4,−2) (b) (7, 4, 2) (c) (7, 2, 2)
(d) (2, 2, 2) (V1) (e) (2, 4, 2) (V2) (f) (2, 2,−2)

2. A particle moves in a 2D potential energy with the form U(x, y) = (1/2)k(x2+y2). An
eigenstate has the form ψnx,ny(x, y) = ψnx(x)ψny(y). What is the eigenenergy? HWK
9, Prob 2

(a) E = (h2/[8ML2])(n2
x + n2

y)
(b) E = h2n2/(8ML2)
(c) E = (nx + ny + 1)h̄ω0

(d) E = (n+ 1/2)h̄ω0

(e) none of the above are correct.

3. A particle experiences a step potential energy which is U(x) = 0 for x < 0 and
U(x) = U0 > 0 for x > 0. The particle is incident on the step from the left. If it
has an energy E < U0, it reflects from the step but can tunnel a distance L into the
x > 0 region with probability 0.01. If the mass of the particle is increased by a factor
of 4, but U0 and E are the same, the probability to tunnel a distance L into the x > 0
region is HWK 8, prob 5

(a) 0.01× 4 (b) 0.01/4 (c) 0.01× 10
(d) 0.01/10 (e) 0.01/100 (V1) (f) 0.01/1000 (V2)

4. The 3H nucleus has a half life of 12.3 years. You make exactly 10,000 3H when you are
20 years old. When you are 56.9 years old, predict how many 3H are left? HWK 11,
prob 5

(a) exactly 1250
(b) exactly 2500
(c) exactly 0
(d) a 12.5% chance of 10,000 and 87.5% chance of 0
(e) a 25% chance of 10,000 and 75% chance of 0
(f) There will be approximately 1250 left but exactly how many can’t be predicted. (V1)
(g) There will be approximately 2500 left but exactly how many can’t be predicted. (V2)
(h) None of the above are correct.

5. There’s a potential energy which has the eigenstate ψn(x) = A(L2 − x2)e−αx2
which is

defined for all x. The parameters L > 0 and α > 0. Which eigenstate is it?

(a) The lowest energy state: n = 1.
(b) The first excited state: n = 2.
(c) The second excited state: n = 3.
(d) An eigenstate with n ≥ 4.
(e) This is a trick question because this function can’t be an eigenstate.



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

1.10 pts The potential energy, U(x), is finite everywhere. An energy eigenstate is ψ(x) =
Ae−αx + Beαx for x < 0 and ψ(x) = Ceikx +De−ikx for x > 0. The parameters α > 0
and k > 0. a) Do any of A, B, C, D have to be 0? Explain why. b) Give the two
equations that determine C and D in terms of the other parameters. HWK 7 Prob
1, see Chap 5

a) The A = 0 because otherwise the wave function diverges as x→ −∞
b) Because the wave function is continuous B = C+D. Because the potential
energy is finite everywhere, the derivative of the wave function must be
continuous αB = ik(C −D)

2.10 pts A hydrogen atom is in the 3p state at a spot 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 from the spin of the electron. Find all the energies that come from the
magnetic interaction. Are there any energies that have more than 1 possible state?
HWK 10 Prob 2 extended, see Chap 7

The total magnetic moment of the hydrogen atom is µ⃗L + µ⃗S. Thus, the
H = (e/[2m])Bz(Lz + 2Sz). The eigenvalues of Lz and Sz are mlh̄ and msh̄
with ml = 1, 0, −1 and ms = 1/2, −1/2 giving allowed energies of (ml +
2ms)eh̄Bz/(2m). Therefore there are 5 energies: (2, 1, 0,−1,−2) × eh̄Bz/(2m).
The 0 energy can be done 2 ways: ml = 1,ms = −1/2 and ml = −1,ms = 1/2.
The combination eh̄Bz/(2m) is 1.85× 10−23 J for (V1) and is 2.32× 10−23 J for
(V2).



3.10 pts An electron with a kinetic energy of 25.0 eV hits a stationary hydrogen atom in its
ground state. The atom makes a transition to an n = 2 state but hardly changes it’s
center of mass velocity. What is the electron’s kinetic energy after the collision? Chap
7,8 class discussion

This is a conservation of energy problem. When the electron is far from
the hydrogen atom, the total energy is the kinetic energy of the electron
plus the internal energy of the hydrogen atom: En = −13.60 eV/n2. Doing
conservation of energy gives

KEbefore + En,before = KEafter + En,after

KEafter = 25 eV − 13.60 eV/12 − (−13.60 eV/22) = 14.8 eV (V 1)

KEafter = 20 eV − 13.60 eV/12 − (−13.60 eV/92) = 7.91 eV (V 2)

4.10 pts The nucleus 236
92U fissions into 92

36Kr and 142
56Ba plus neutrons. a) How many neutrons?

b) Estimate the total kinetic energy of the Kr and Ba by approximating that they
start from rest with a center-to-center separation of 2/3 the U diameter. Inverse of
HWK 9 Prob 4 and slide 13 of Chap 12 slides

a) Since the total number of protons doesn’t change, the number of neutrons
can be found from 236 − 92 − 142 = 2. b) This is a conservation of energy
problem. Just after the fission, the Kr and Ba only have potential energy
given by PE = zZe2/r with z, Z their charges and r being the separation.
The repelling potential pushes them apart so that all of the potential energy
is converted to kinetic energy. The diameter of the U can be found from
diam = 2R = 2R0A

1/3 = 2× 1.2× 10−15 m 2361/3 = 1.48× 10−14 m

KE =
36× 56× 8.99× 109 × (1.6× 10−19)2

9.89× 10−15
J = 4.69× 10−11 J = 293MeV (V 1)

KE =
36× 56× 8.99× 109 × (1.6× 10−19)2

11.1× 10−15
J = 4.17× 10−11 J = 261MeV (V 2)



5.15 pts As a part of your evil plot to take over the world, you have stolen 120 kg of of tritium,
3H. The tritium decays into a 3He nucleus, an electron, and a neutrino. The mass of
neutrinos are so small they have not yet been measured. a) How many tritium nuclei
decay in the first minute you have it? b) After 4.0 years, how many tritium nuclei
decay in a minute? c) In the first minute, how much kinetic energy is released? HWK
11, Prob 5 see Chap 12

a) To solve this problem, you need to first find out how many tritium
nuclei you start with. From the table, the mass of 1 tritium atom is
3.016049 u which is 5.01 × 10−27 kg. The starting number of tritium is
N0 = total mass/(mass of 1). The rate that the tritium decays is the activity
which is a = (0.693/t1/2)N with t1/2 = 12.3 y = 12.3×365×24×3600 s = 3.88×108 s.
Because the duration I ask is so much shorter than the half-life, you can
just multiply the activity by the duration to get how many decay during
that time.

N0 =
120

5.01× 10−27
= 2.40×1028 a = 2.40×1028×0.693/3.88×108 s−1 = 4.28×1019 s−1

decay = 60 s× 4.28× 1019 s−1 = 2.57× 1021 (V 1)

N0 =
140

5.01× 10−27
= 2.80×1028 a = 2.80×1028×0.693/3.88×108 s−1 = 4.99×1019 s−1

decay = 60 s× 4.99× 1019 s−1 = 2.99× 1021 (V 2)

b) At the later time, the activity is reduced by the factor of e−0.693 t/t1/2. The
number that decay in the interval is decreased by the same amount.

decay = 2.57× 1021 × e−.693×4.0/12.3 = 2.05× 1021 (V 1)

decay = 2.99× 1021 × e−.693×8.0/12.3 = 1.91× 1021 (V 2)

c) For this you need to find the kinetic energy released by one decay and
multiply by the number of decays in the first minute. If you count the
electrons, you will see that the decay can be written as a tritium atom
decays into a 3He atom plus a neutrino. Therefore, it is easiest to just
subtract the atomic masses: ∆m = 3.016049 − 3.016029 u gives 2 × 10−5 u.
Converting this to energy gives 0.019 MeV per decay or 3.0× 10−15 J.

energy = 7.7× 106 J (V 1)

energy = 9.0× 106 J (V 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








