Fall 2007 Qualifying Exam

Part II

Mathematical tables are provided.  Formula sheets are provided.
Calculators are allowed.

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)

Solve 6 out of the 8 problems!  (All problems carry the same weight. In questions with multiple sub-questions, (a), (b), …, all the sub-questions are weighted equally.)
Problem 1:

A bead of mass m slides without friction on a circular loop of radius r.  The loop lies in a vertical plane and rotates about a vertical diameter with constant angular velocity .
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(a)  For angular velocity  larger than some critical value c, the bead can undergo small oscillations about an equilibrium point 0.  Find c and 0().

(b)  Obtain the equations of motion for the small oscillations about 0 as a function of  and find the period of the oscillations.
Problem 2:
A spin 1/2 particle is in an external magnetic field B = B0(êx + êy).  Let the magnetic moment associated with the spin be   = -S, where  is a constant and is known as the gyromagnetic ratio.  Use the eigenstates of Sz, |+> and |–>, as basis kets. 

(a)  What is the interaction Hamiltonian of the particle with the magnetic field?  Express in matrix form.

(b)  The most general spin state of the particle is |(t)> = (t) |+> + (t) |–>.

Write down the coupled time dependent Schroedinger equations for (t) and (t).

(c)  Suppose at t = 0 we have  |(0)> = |+>.  Find |(t)>.

(d)  Evaluate <Sz(t)> for the (t) obtained in (c).

Problem 3:
A conductor at potential V = 0 has the shape of an infinite plane with a hemispherical bulge of radius R.  A charge q is placed above the center of the bulge, a distance d from the plane (which means a distance d - R from the top of the bulge).

What is the electrostatic force on the charge?
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Problem 4:

In 1923 A.H. Compton irradiated a graphite target with a nearly monochromatic beam of X rays of wavelength 0.  Part of the scattered radiation had the same wavelength as the incident beam, 0, but part had a different wavelength.  Compton suggested that the second component of radiation, 1, was due to interactions with free electrons.  Calculate the wavelength shift, or Compton shift, using conservation of momentum and energy.
Problem 5:

In a Wilson cloud chamber at a temperature of 20 degrees C, particle tracks are made visible by causing condensation on ions by an approximately reversible adiabatic expansion of the volume in the ratio

final volume/initial volume = 1.375.

The ratio of the specific heats of the gas at constant pressure and at constant volume is CP/CV = 1.41.  Estimate the gas temperature after the expansion.

Problem 6:

Two non-interacting particles, with the same mass m, are in a one-dimensional potential which is zero along a length 2a and infinite elsewhere.

(a)  What are the values of the four lowest energies of the system?

(b)  What are the degeneracies of these energies if the two particles are:


i) identical, with spin ½?

ii) not identical, but both have spin ½?

iii) identical, with spin 1?
Problem 7:

An infinite slab of thickness d  is uniformly charged with volume density .  Find electric field in the whole space.

Problem 8:

A K0 meson decays in flight into two pions,  K0 ( + + -.  Let the mass of each pion be m and the mass of the K0 be mK > 2m.   
(a)  Find the speed of the K0 if the greatest possible energy of a -meson from this decay is  times larger than the smallest possible energy.  
(b)  For what  will there be no -meson flying into the backward hemisphere?
