Physics 201, Fall 2008
Final Exam
December &, 2008 1:30-4:30 pm

Write your name on each page of paper submitted. You must show all work
to receive credit, but only turn in work you would like graded. This exam 13
closed book. You may use a calculator, but no other electronic devices.
There are four problems. Good luck!
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lonization energy, atomic radius,
and electron affinity as functions of
atomic number Z. The vertical lines
separate complete shells. The
electron affinities for elements 57
through 72 have not been
measured.



1. Aitoms and Molecules
You may want to refer to the periodic table for this problem.

a) (5 points) The first ionization energy of an atom is the energy required to
remove one electron. For helium, this is 24.6 eV. The second ionization energy
is the additional energy required to remove a second electron. Calculate the
second ionization energy of helium.

b) (5 points) What is the total atomic binding energy of helium, i.e. the
energy required to take the atom apart into two separated electrons and a
nucleus?

c¢) (5 points) Assuming that the following pairs of elements combine ionically,
write down the chemical formulae of the resulting molecules: Ca and S, Li
and O, Na and P.

d) (5 points) Assuming that the following pairs of elements combine cova-
lently, write down the formulae of the resulting molecules: Cl and F, Br and
Cl, I and ClL b
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2. Solutions to the Schrédinger Equation

a) (5 points) Suppose at time t = O the electron in a hydrogen atom has
wavefunction

1
P(x) = 7 (thr00(x) + 3¢han1 (%))

where the energy eigenfunctions tnm(x) are properly normalized. What is
the probability that the energy of the electron would be measured to be
E = —Fg/47?

b) (5 points) What is the wavefunction for the electron of part (a) at time ¢7

¢) (15 points) Consider the three-dimensional particle in a box of dimensions
Lx L x L. The potential energy function vanishesif 0 <z < Land0 <y < L
and 0 < z < L, but is infinite otherwise.

Assume a solution to the time-independent Schrodinger equation inside the
box of the form (2,9, 2) = V(@) ()82 (2).

Using separation of variables, find separate differential equations for 1. (z),

y(y) and ¢:(2).

d) (10 points) The wavefunction must vanish at the boundaries of the box,
S0

bz (0) = ¢ (L) =
¢y(o) = ¢y(L) =0
%(0) = wz(L) = 0.

What are the nonvanishing solutions for ¢(x,v, z), and what are their corre-
sponding energies? (Don’t worry about the normalization.)

e) (5 points) What are the degeneracies of the ground state and first excited
state of this system?

f) (5 points) Assume five electrons are in the box considered above. Ignoring
the electric repulsion of the electrons, what is the total energy of the ground
state of the system of five electrons? (Hint: It may help to compare this
system to a multielectron atom.)



3. Special Relativity

a) (5 points) Explain how relativity predicts that massless particles travel at
the speed of light.

b) (20 points) A particle of unknown mass M decays into two particles of
known masses m; = 2v/5 GeV/c? and my = 4 GeV/c?, whose momenta are
measured to be p; = 4 GeV/c along the positive y axis, and p, = 3 GeV/c
along the positive z axis, respectively.

Find the unknown mass M and the particle’s speed before it decayed.

c) (10 points) Rod B is moving relative to rod A with speed 3¢/5 as in the
figure below. In rod A’s rest frame, both rods are measured to have length
L. What is the ratio of the length of rod A to the rest length of rod B as
measured in rod B’s rest frame?
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