Physics 304 Midterm February 28, 2014

Note: (1) There are 2 questions; each of them is worth 15 points.
(2) The use of the textbook (Griffiths) or formula sheet is permitted.
(3) The use of a calculator is permitted.

(1) Consider, guantum mechanically, a stream of non-interacting particles of mass m moving along the
negative x direction (from right to left) toward a potential step located at x=0. The potential is zero
for x>0, and V>0 for x<0.

(a) Starting from the Schrddinger equation and imposing appropriate boundary conditions on the
wave functions, for the case E=p%/2m > V, calculate the fraction of reflected and transmitted particles
at x =0, verifying that they add up to 100%.

(b) What would transmission and reflection coefficients be if E=p%2m < V,? In this particular case,
support your conclusions with an explicit calculation based on the probability currents.

(c) And what would transmission and reflection coefficients be, if E=p%2m = V?

(2) A particle in an infinite square well of width a has an initial wave function
¥ (x,0) = A2y, (9 +5y, ()

where yr(X) are the mutually orthogonal, normalized stationary states.

(a) What is the normalization constant A?

(b) Write the time-dependent wave function ¥ (x,t), as well as | ¥ (x,t) |*

(c) If the energy were measured, what would be the possible outcomes? And their probabilities?
(d) What is the expectation value of the total energy of this state? Is it time dependent?

(e) Write an expression for the probability of finding the particle in the right-half of the well as a
function of time. Look carefully at the integrals you obtain (some of them might be trivially solved),
and establish which ones vanish and which ones do not (you do not have to complete the
computations of non-vanishing integrals all the way). Is this probability time dependent?
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