Fall 2005 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)

Conversions:

Light year: 1 ly = 9.46  1015 m
Atomic mass unit: 1 u = 1.66  10-27 kg
Section I:

Work 2 out of 3 problems, problem 1 – problem 3.

Problem 1:

A thin dielectric of length L meters lies along the x-axis with one end at the origin and the other at the point (L, 0).  It is charged with density λ = 2Qx/L2 Coulombs/meter with a total charge of Q Coulombs.  
(a)  Calculate the potential V(x) at the point (x, 0) for x > L.
(b)  Evaluate that expression in the limit x >> L.
Problem 2:

Two parallel metallic plates (infinite extension) are kept at potentials f = 0 and are located at z = 0 and z = L.  A point charge q is at z0.  What is the electrostatic potential between the plates?
Problem 3:

An observer moves horizontally toward a flashlight with a speed 0.6c.  

(a)  The flashlight is pointed in the direction of the observer and emits light.  Prove that the speed of the light determined by the observer is exactly c.  

(b)  The flashlight is now turned perpendicular to the direction of motion for the observer and light is emitted.  Demonstrate that the observer again will deduce that the speed of the light as measured in her frame is c.  

(c)  What angle will the light velocity vector make with the horizontal axis in the observer’s frame for case b?

Section II:

Work 4 out of 6 problems, problem 4 – problem 8.

Problem 4:

Two identical spin-one-half particles are bound to one another to form a composite particle by a potential

V = ½2r2
where r = |r1 – r2|.

(a)  Find the allowed energy levels and the degeneracy of the three lowest lying allowed states.  Hint. You may assume that for the oscillator
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where l and k are the angular momentum and radial quantum number, respectively.

(b)  How do these change with the addition of the perturbation
U = CL · S,
where C is a constant?  What are possible spin and orbital angular momentum eigenvalues?
Problem 5:

A line of charge with charge density ( C/m is fixed at rest along the x’ axis of a reference frame S’.  A test charge q is at rest in S’ at (0,0,z’ = d).  S’ is in constant motion with velocity v = vi with respect to a reference frame S.

(a)  Calculate the electric field of the line of charge in the rest frame S’ and the force on q.  

(b)  Calculate the electric and magnetic fields of the line of charge measured by an observer at rest in S.

(c)  Calculate the force measured by the observer in S on the test charge q.

Problem 6:

A particle of mass m moves in one dimension under the influence of a force 
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 to the first power). 
(a) Compute the Lagrangian function.
(b) Use Lagrange’s equation to determine the equation of motion explicitly.
(c) Compute the Hamiltonian function in terms of the generalized coordinate and generalized momentum. (Show clearly how you get this.) 
(d) Determine Hamilton’s equations of motion explicitly for this particular problem (not just general formulae).
(e) Does the Hamiltonian equal the total energy? 
(f) Is the total energy of the mass conserved?
(g) What is it about the force F which supports your answer to part f?
Problem 7:

A cylinder contains He gas.  In its initial state a the cylinder Volume is Va = 4.23*10-3 m3 and the pressure is Pa = 1.19*10-5 Pa.  The volume is isothermically reduced until the system reaches a state b with Vb = 0.581*10-3 m3.  This process is followed by an isobaric expansion which allows the system to reach a state c with Vc = Va.  The cycle finishes with an isochoric or isometric (constant volume) process that brings the system back to state a.

(a)  Draw the cycle in a P-V diagram.

(b)  Find the work done by the system going from b to c.

(c)  Find the work done by the system in one cycle.

(d)  Find the fractional change of the temperature of the system going from b to c.

(e)  When the system goes from c to a, does it absorb or release heat?  Find the amount of heat absorbed or released.

(f)  When the system goes from b to c, does it absorb or release heat?  Find the amount of heat absorbed or released.

Problem 8:
Consider a 2-dimensional system containing a gas of electrons completely free to move in the x direction but confined by a square-well potential of infinite depth and total width w in the y direction.  In such a system, the electrons can often be approximated as non-interacting provided that the mass of the electron is replaced by an effective mass.  Assume for this problem that the effective mass of the electrons is about 1/10 the mass of free electrons.  

(a)  This system contains states that involve quantum-mechanical motion in both the x and y directions; describe qualitatively the nature of the spectrum that you expect.  

(b)  Write or derive a formula for the discrete levels expected for quantized motion in the y direction in terms of the width w.  

(c)  How small does the width w have to be before the transition energy between the first two discrete levels found in b is larger than the average energy available from thermal excitation at room temperature?
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