Spring 2007 Qualifying Exam

Part I

Calculators are allowed.  No reference material may be used.

Please clearly mark the problems you have solved and want to be graded.  Do only mark the required number of problems.

Physical Constants:

Planck constant:  h = 6.6260755  10-34 Js,   = 1.05457266  10-34 Js 
Boltzmann constant:  kB = 1.380658  10-23 J/K 

Elementary charge:  e = 1.60217733  10-19 C 

Avogadro number:  NA = 6.0221367  1023  particles/mol 

Speed of light:  c = 2.99792458  108  m/s 

Electron rest mass:  me = 9.1093897  10-31 kg 

Proton rest mass:  mp = 1.6726231  10-27 kg 

Neutron rest mass:  mn = 1.6749286  10-27 kg 

Bohr radius:  a0 = 5.29177  10-11 m 

Compton wavelength of the electron:  c = h/(me c) = 2.42631  10-12 m

Permeability of free space:  0 = 4 10-7 N/A2
Permittivity of free space:  0 = 1/0c2
Gravitational constant: G = 6.6726  10-11 m3/(kg s2)

Section I:

Work 8 out of 10 problems, problem 1 – problem 10.

Problem 1:

In the figure below the coefficient of friction is the same at the top and the bottom of the 700-g block.  

(a)  Draw free body diagrams for both the 200-g and the 700-g blocks, considering all forces.
(b)  If the acceleration is a = 70 cm/s2 when F = 1.3 N, how large is the coefficient of friction?
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Problem 2:
The transition rate of electrons from the first excited state of the hydrogen atom to the ground state is ~108/s.  What is the minimum range of energies of the resulting photons that are emitted?

Problem 3:

(a)  An elevator in which a woman is standing moves upward at 4 m/s.  If the woman drops a coin from a height 1.4 m above the elevator floor, how long does it take the coin to strike the floor?  What is the speed of the coin relative to the floor just before impact?  (b)  Now assume that the elevator is moving downward with zero initial velocity and acceleration of 1 m/s2 at t = 0, and the women releases the coin at t = 1 sec.  How long does it take the coin to strike the floor?  What is the speed of the coin relative to the floor just before impact?

Problem 4:
Consider a spinless particle of mass m.  For this particle, what values can the magnitude of the orbital angular momentum J take in quantum mechanics when it is measured?

Problem 5:

In a proton-proton collision a + meson can be created through the reaction

p1 + p2 ( p + n + +.

In the center of mass (CM) frame of reference each proton has an initial energy mpc2, where mp is the mass of the proton and  = (1 - 2)-1/2, with  = v/c.

Take the mass of the proton and the mass of the neutron to be 1837 me (me = electron mass) and the mass of the pion to be 273 me = 0.1486 mp.

Determine the minimum value of the initial velocity v for which + creation is possible.

Problem 6:

A block slides for 5 seconds down a plane at  = 30o with respect to the horizontal.  The coefficient of friction is 0.4.  How much does the speed of the block increase?

Problem 7:
The capacitor shown in the circuit below initially holds a charge q0.  The switch is closed at t = 0.  Find the charge on the capacitor as a function of time, if R2/4 < L/C.  What is the oscillation frequency of the circuit when R ( 0?
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Problem 8:
A refrigerator uses 10 W of electrical power when it is closed to keep the interior temperature stable.  Use reasonable estimates for any relevant temperatures to find an upper bound on the rate at which heat is entering the refrigerator due to imperfect thermal insulation.

Problem 9:
A spacecraft is being designed to dispose of nuclear waste either (a) by carrying it out of the solar system or (b) by crashing into the sun.  In both cases, assume that the spacecraft starts in a circular orbit about the sun at the Earth-sun radius, i. e., ignore the initial escape from the Earth’s gravity, since it requires the same energy in both cases.  Assume that no planetary flybys are permitted and that engine thrusts occur only in the orbital plane.  Which mission, if either, requires less energy?  Justify your answer with suitable calculations.

 

Problem 10:
A long thin cylinder carries a fixed uniform magnetization M parallel to its axis.  Find the density, location and direction of the bound currents and the magnetic field at the geometrical center of the cylinder.

Section II:
Work 3 out of the 4 problems, problem 11 – problem 14.

Problem 11:
A two-state system has a Hamiltonian H = E0
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 in the {|1>, |2>} basis.  Find the eigenvalues and normalized eigenvectors of this Hamiltonian.
Problem 12:

Two atoms of masses m1 and m2 are bound together in a diatomic molecule.  The separation of their nuclei is r.  What are the rotational kinetic energy levels of the molecule?  How does the energy of the first excited state of 13C16O compare to that of 12C16O?

Problem 13:

The Heisenberg Hamiltonian representing the “exchange interaction” between two spins (S1 and S2) is given by H = -2f(R)S1S2, where f(R) is the so-called exchange coupling constant and R is the spatial separation between the two spins.  Find the eigenstates and eigenvalues of the Heisenberg Hamiltonian describing the exchange interaction between two electrons.

HINT: The total spin operator is S = S1 + S2. 
Problem 14:

Two trucks are parked back to back in opposite directions on a straight, horizontal road.  The trucks quickly accelerate simultaneously to 3.0 m/s in opposite directions and maintain these velocities.  When the backs of the trucks are 20 meters apart, a boy in the back of one truck throws a stone at an angle of 40 degrees above the horizontal at the other truck.  How fast must he throw, relative to the truck, if the stone is to just land in the back of the other truck?
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