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, [ = 4, m; = —2.
Determine the number of nodes in the r part of the wave function, the 6 part of the
wave function, and the ¢ part of the wave function: (n,,ng, ngs)

(a> (77 47 _2) (b) (7a 47 2) (C) (77 27 2)
(d) (27 27 2) (e) (27 47 _2) (f) (27 27 _2)

2. A particle moves in a 2D potential energy with the form U(z,y) = (1/2)k(x® + y?).
An eigenstate has the form v, », (7,y) = ¥n, (2)¥n,(y). What is the eigenenergy?

) B = (1/BMLY)(n2 + )
) E = h*n?/(8ML?)

(c) E = (ng +ny+ 1)hw

(d) E=(n+1/2)hw
) none of the above are correct.

3. A particle experiences a step potential energy which is U(z) = 0 for z < 0 and
U(x) = Uy > 0 for z > 0. The particle is incident on the step from the left. If it
has an energy F < U, 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 Uy and E are the same, the probability to tunnel a distance L into the x > 0
region is

(a) 0.01 x 4 (b) 0.01/4 (¢) 0.01 x 10
(d) 0.01/10 (e) 0.01/100 (f) 0.01/1000

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

(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.

(g) There will be approximately 2500 left but exactly how many can’t be predicted.

(h) None of the above are correct.

5. There’s a potential energy which has the eigenstate 1, (z) = A(L? — 22)e~**" which is
defined for all #. The parameters L > 0 and « > 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.

10 pts 1. The potential energy, U(x), is finite everywhere. An energy eigenstate is i(z) =
Ae2® 4+ Be™ for x < 0 and ¢(x) = Ce*® + De~** for > 0. The parameters a > 0
and k£ > 0. a) Do any of A, B, C, D have to be 0?7 Explain why. b) Give the two
equations that determine C' and D in terms of the other parameters.

10 pts 2. 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=—[- B 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?



10 pts 3. 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?

10 pts 4. The nucleus %5U fissions into 52Kr and '#2Ba 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.



15 pts 5. As a part of your evil plot to take over the world, you have stolen 120 kg of of tritium,

SH. 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?
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