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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: A long straight piece of copper (Cu) wire with a cross sectional radius a, and
electrical resistance R, is bent in half to form two long parallel wires of length l whose centers
are a distance d apart.

(a) Neglecting any flux within the wire itself, find the self inductance L of the wire in this
configuration.

(b) Assume a battery of emf ε is connected to the wire at time t = 0. Derive an expression
for the current i(t).

Problem 2: A point charge q is located at distances a and b from two perpendicular con-
ducting half-planes, both at zero potential. Calculate the force acting on the charge q.

Problem 3: Assume that we have a continuous charge density ρ(r) = ρ0 exp(−αr). Find
the potential and electric field produced by this charge distribution.

Problem 4: Consider the two-dimensional rigid rotator in quantum mechanics that describes
a molecule undergoing pure rotation in the xy plane. The Hamiltonian for this system is given
by

H0 = L2/2I,

where I is the moment of inertia of the rotator (assume this is given), and L = Lz is the
orbital angular momentum along the z axis.

(a) Solve for the eigenfunctions and eigenvalues of H0. [Hint: remember the Laplacian
operator is very simple for Lz.]

(b) Suppose a weak perturbation is added to H0, given by

λH ′ = 2λ cos(2θ),

where θ is the angle in the xy plane that the rotator makes with the x axis (0 ≤ θ ≤ 2π).
Calculate the effect of the perturbation on the first excited state of the rotator.
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Problem 5: Suppose we have a quantum system with time-independent Hamiltonian H0

and two stationary states such that

H0ψa = Eaψa, H0ψb = Ebψb, 〈ψa|ψb〉 = δab,

any stationary state of the system can be expressed as

Ψ(0) = caψa + cbψb.

(a) If a time-dependent perturbation, H ′(t), is turned on, derive the expressions which relate
the time dependence of the two general coefficients, ca(t) and cb(t), assuming the perturbing
Hamiltonian matrix is purely off-diagonal.

ċa(t) = − i
~
H ′abe

−iω0tcb(t), ċb(t) = − i
~
H ′bae

iω0tca(t).

(b) When the system is in state ψa at t = 0 and the perturbing Hamiltonian is small, derive

expressions for the first order corrections to the coefficients: c
(1)
a , c

(1)
b .

Problem 6: An electron can be found in a state ΨA near an isolated nucleus A with energy
EA or in a state ΨB near an isolated nucleus B with energy EB. The nuclei are now moved
close together so that there is a non-vanishing Hamiltonian matrix element V = 〈ΨB|V |ΨA〉
between the two states. Ignoring the direct overlap between the states (〈ΨB|ΨA〉 ≈ 0), find
the new energy levels of the one-electron, two nucleus system. Explain how your result might
account for the formation of a stable diatomic molecule.

Problem 7: CP violation was discovered in the decays of Kaons by Cronin and Fitch in 1964,
where they noticed K0

L could decay to either three or two pions (a different CP eigenstate).
CP violation was observed again in Kaons when it was observed the rate for K0

L → π−e+νe
and K0

L → π+e−ν̄e differ. Given mK0
L

= 500 MeV, mπ± = 140 MeV, and the electron and
neutrino are effectively massless:

(a) What is the maximum energy of the electron when a K0
L decays at rest?

(b) The neutrino carries away its energy unobserved. What is the maximum reconstructable
mass in the system? You must justify your answer for credit.

Problem 8: Using the mass of the electron me = 0.511 MeV/c2, the fine structure constant
α = 1/137, and ~c = 197 MeV·fm, give BOTH a symbolic and a numerical solution for the
following:

(a) The Compton wavelength λC of the electron.

(b) The Bohr radius RB of a Hydrogen atom.

(c) The speed v of an electron in the lowest Bohr orbit.
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