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General Instructions

1. Each problem is to be done on a separate booklet. Label the front of each book with the
identifying code letter you picked, the part number of the exam, and the number of the
problem only; for example: A-I.6. Do not write your name or IIT ID number on any material
handed in for grading.

2. Any numerical data not specified in a problem should be found in the table of constants at
the front of the exam.

3. DON’T PANIC: It is not expected that each student will completely solve every problem.
However, it is advisable to do a thorough job on those problems that you do solve.
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Physical Constants

Speed of light in vacuum c = 2.998× 108 m/s
Planck’s constant h = 6.626× 10−34 J· s

~ = h/2π
= 1.055× 10−34 J·s
= 6.582× 10−16 eV·s

Permeability constant µo = 4π × 10−7 N/A2

Permittivity constant 1
4πεo

= 8.988× 109 N·m2/C2

Fine structure constant α = e2

4πεo~c
= 7.30× 10−3 = 1

137
Gravitational constant G = 6.67× 10−11 m3/s2·kg
Avogadro’s number NA = 6.023× 1023 mole−1

Boltzmann’s constant k = 1.381× 10−23 J/K
= 8.617× 10−5 eV/K

kT at room temperature k·300 K = 0.0258 eV
Universal gas constant R = 8.314 J/mole·K
Stefan-Boltzmann constant σ = 5.67× 10−8 W/m2·K4

Electron charge magnitude e = 1.602× 10−19 C
Electron rest mass me = 9.109× 10−31 kg

= 0.5110 MeV/c2

Neutron rest mass mn = 1.675× 10−27 kg
= 939.6 MeV/c2

Proton rest mass mp = 1.672× 10−27 kg
= 938.3 MeV/c2

Deuteron rest mass md = 3.343× 10−27 kg
= 1875.6 MeV/c2

Atomic mass unit (C12 = 12) u = 1.661× 10−27 kg
= 931.5 MeV/c2

Mass of earth ME = 5.98× 1024 kg
Radius of earth RE = 6.37× 106 m
Mass of sun MS = 1.99× 1030 kg
Radius of sun RS = 6.96× 108 m
Gravitational acceleration at

earth’s surface g = 9.81 m/s2

Atmospheric pressure = 1.01× 105 N/m2

Radius of earth’s orbit = 1.50× 1011 m
Radius of moon’s orbit = 3.84× 108 m

Conversion Factors

1 eV = 1.602× 10−19 J 1 J = 6.242× 1018 eV
1 Å = 10−10 m 1 Fermi = 10−15 m

1 barn (b) = 10−28 m2 1 in = 2.54 cm
0◦ Celsius = 273.16 K 1 cal = 4.19 J
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Problem 1: In the final colloquium of the Fall semester, Dr. Ratliff discussed measuring
Cherenkov light from particles produced in showers in the atmosphere. If the index of refrac-
tion for the atmopshere is n, and the speed of the particle is βc, derive a relationship for the
angle of emission of the light assuming no dispersion. No points will be given for an answer
without proof.

Problem 2: The VERITAS experiment has detected a γ-ray from the M82 starburst galaxy
with an energy of 17.8+6.4

−5.2 TeV. This photon is believed to come from the decay of a highly
boosted pion (π0 → γγ).

(a) In terms of the pion mass mπ0 , what was the photon’s energy in the pion’s rest frame.

(b) What is the range of energies the pion could have had in our frame to produce the
photon that was seen? Note: mπ0 = 135 MeV/c2.

Problem 3: A thin circular disk of radius R carries a uniform surface charge, Q. The disk
is rotated at an angular frequency ω about an axis through the center of the disk as shown.
Derive an expression for the magnetic field ~B(z) at a distance z above the center of the disk
along the rotation axis.

Problem 4: Start from the Maxwell’s macroscopic equations without sources and prove that
both electric and magnetic fields obey the wave equation. What else did you need to prove
this statement? What is the speed of the electromagnetic wave in a continuous medium?
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Problem 5: Determine the electric field near a grounded conducting infinite cylinder of
radius R in an external constant uniform electric field ~E0 perpendicular to the cylinder axis.

Problem 6: An electron is confined to a one-dimensional infinite square well of width a that
has V = ∞ at its ends. At the center of the well is a small step potential of height V0 and
width b.

(a) Treat V0 as a perturbation and calculate the ground state energy to first order.

(b) Estimate the value of width a for which the perturbation approximation will no longer
be valid.

Problem 7: The π electrons in benzene can be modeled as being electrons confined to a ring
of radius 1.31 Å.

(a) Solve the Schrödinger equation for this system and calculate the energies and wavefunc-
tions for the 6 π electrons.

(b) Write down a proper ground state wave function for the six-electron system. Make any
shorthand notation clear.

Problem 8: Consider a two-level system with E1 < E2. There is a time-dependent inter-
action V that connects the two levels as follows:

V11 = V22 = 0 V12 = γeiωt V21 = V ∗
12 (γ, ω – real).

At time t = 0 only the lower level is populated. Find the probability that the upper level is
populated by some arbitrary time t. (Do not use perturbation theory.)
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