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Problem 1(40 points)
A particle of mass  is trapped inside the infinite square well potential well of length L. You may remember that the stationary

states of a particle inside the well are: ¢, () = \/i— sin (sz)

Attime ¢ = 0 it is prepared in a state described by the following wave function:

Plz)=N [%é sin (T) 3 sin (MT:C) + § sin (5?:)]
(a) What is the value of the normalization constant A/,

{b) Write the time evolution of this state ¥(x, t).

{c) What is the average energy {E) of the particle in the state 1?

{d) What is the probability of finding the particle in the ground state n = 1? In the first exciled stalen = 2? Do these probabili-
ties depend on time?

(e) Now, the state of the particle is changed to ¥(z,t = 0) = \/% [% (ﬂzﬂ) 2 sin (%Tx)] What is the probabil-

ity of finding a particle in this state in the first quarter of the well 0 < = < L/4 attime t > 0?
Hint: you can find the following expressions useful:

Lia . /TaTy _ 1 m(a — b) 1 . {ma+b)
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and LM sin? (wzz) dr = % - ﬁsin (12—{‘)
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Show all work to receive credit, and c1rc|e your final answers. This exam is closed book but you can use a prepared index card
w1th reference information that you have prepared.
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Problem 2 (30 points)
A neutron (spin-1/2 particle) in the state | + &) enters the rcglon filled with a constant magnetic ficld By in the z direction, so

that the Hamiltonian of the particle in the magnetic field is H = wgS..
(a) What is the average energy of the neutron? Does it depend on time?
(b) What is the average value of the operator S, as a function of time?
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Show all work to receive credit, and circle your final answers. This exam is closed book, but you can use a prepared index card
with reference information that you have prepared.
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Problem 3 (30 points)
A particle with mass m and total energy E > 0 approaches the potential step V(i) from the left, as shown:

_J o <0
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A partial reflector is placed in the positive infinity z — +oo(z) such that a part of the wave comes back with amplitude reflection
coefficient r (in general, v is a complex number and || < 1). As a result, the wavefunction for £ > 0 should be written in a
form Ce?** 4 rCe =,

(a) Write down the general expression for the particle wave function ¥ for all value of z.
(b) State the boundary conditions at z = 0.
(c) Find the probability for a particle to be reflected off the potential stepatx = 0.

(d) Find the value(s) of E for which this reflection disappears. Ywa €
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Show all work to receive credit, and circle your final answers, This exam is closed book, but you can use a prepared index card
with reference information that you have prepared.
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