Spring 2008 Qualifying Exam

Part I

Calculators are allowed.  No reference materials 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)
Radius of earth:  RE = 6.38 106 m
Mass of Earth:  ME = 5.98  1024 kg 

Section I:
Work 8 out of 10 problems, problem 1 – problem 10!  (8 points each)
Problem 1:

The figure below shows one of the possible energy eigenfunctions ψ(x) for a particle bouncing freely back and forth between impenetrable walls located at x = -a and x = +a. The potential energy equals zero for |x| < a.  If the energy of the particle is 2 eV when it is in the quantum state associated with this eigenfunction, find the energy when it is in quantum state of lowest possible energy.
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Problem 2:

A car of rest length 5 m passes with a speed close to the speed of light through a garage of rest length 4 m.  Due to Lorentz contraction, the car is only 3 m long in the garage’s rest frame.  Find the length of the garage in the car’s rest frame.
Problem 3:

An object of mass m is projected vertically upward from the Earth’s surface with an initial speed of vi.  What is the minimum value of vi needed to allow the object to escape from the Earth?
Problem 4:

The plates of a parallel plate capacitor are separated by a distance d and each has an area A.  Each plate carries a charge of magnitude Q.  
What is the total energy stored on the capacitor, and what is  the maximum charge that can be placed on each plate for a maximum field Emax without occurrence of dielectric breakdown?

Problem 5:

Two identical bodies with temperature-independent heat capacities C0 are initially at different temperatures TH and TL.  A Carnot cycle is run between them (with infinitesimal steps) until they have a common temperature TF.  Find TF.

Problem 6:

A very long, solid cylinder with radius R has positive charge uniformly distributed throughout it, with charge per unit volume (.  Derive an expression for the electric field inside the volume at a distance r from the axis of the cylinder in terms of the charge density (.

Problem 7:
In order to measure the depth of a ravine, a physicist standing on a bridge drops a stone and counts the seconds between the instant he releases the stone and the instant he hears it strike some rocks at the bottom.  If this time interval is 6 seconds, how deep is the ravine?
Problem 8:

The order in which electrons fill the outer atomic shells of atoms deviates from a uniform increase in the quantum number n.  Briefly describe, including any particular interactions involved, the reason for this by elaborating on the following example: instead of filling the 3d level first, the 4s level is filled first.

Problem 9:
A block of mass M1 slides on top of a larger block of mass M2 that slides on a flat surface.  The coefficient of kinetic friction between the upper and the lower block is 1, and that between the lower block and the flat surface is 2.  A horizontal force F pushes against the upper block, causing it to slide.  The frictional force between the blocks then causes the lower block to slide, too.  Find the accelerations of the upper block and of the lower block.  How does the acceleration of the lower block change if you double the force F?
[image: image2.emf]


Problem 10:

A charged particle (mass m, charge q) moving with velocity v much smaller than the speed of light in the presence of either an electric or magnetic field experiences a force given by  F = q(E + vB).  In the absence of an electric field, and for v entirely perpendicular to B, find the gyration frequency and the gyroradius r (sometimes called Larmor radius). 
Section II:

Work 3 out of the 5 problems, problem 11 – problem 15! (12 points each, questions (a) and (b) are weighted equally.)
Problem 11:

A small ball swings in a horizontal circle at the end of a cord of length L1 which forms an angle 1 with the vertical.  Gravity is acting downward.  The cord is slowly shortened by pulling it through a hole in its support until the free length is L2 and the ball is moving at an angle 2 from the vertical.  
(a)  Derive a relation between L1, L2, 1, and 2.  
(b)  If L1 = 50 cm,1 = 5o, and L2 = 30 cm, find2.
Problem 12:
Two identical spin-1 particles obeying Bose-Einstein statistics are placed in a 3D isotropic harmonic potential.
(a)  If the particles are non-interacting, give the energy and degeneracy of the ground state of the two-particle system.
(b)  Now assume that the particles have a magnetic moment and interact through a term in the Hamiltonian of the form AS1S2.  How are the energies and degeneracies of the states in (a) changed by this interaction?
Problem 13:

A conducting rod of length L = 10 cm is placed on top of two conducting tracks.  The electrical potential difference between the tracks is U0 = 15 V.  The resistance of the rod is R = 0.1 .  The rod is tied to a mass of m = 1.2 kg with a thread that is redirected with a castor as shown in the figure.  The setup is inside a uniform magnetic field of B0 = 1 T pointing upward.  The rod moves with constant speed.
(a)  Calculate the speed of the (weightless) rod.

(b)  What fraction of the electrical power delivered by the battery is converted into mechanical power?
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Problem 14:
Three elastic spheres of equal size are suspended on light strings as shown; the spheres nearly touch each other.  The mass M of the middle sphere is unknown; the masses of the other two spheres are 4m and m.  The sphere of mass 4m is pulled sideways until it is elevated a distance h from its equilibrium position and then released.  Immediately before the collision its speed is v.
(a)  Show that the speed of mass m immediately after the collision is 
vf  = 16mMv/[(m + M)(4m + M)].
(b)  What must the mass of the middle sphere be in order for the sphere of mass m to rise to a maximum possible elevation after the first collision with the middle sphere? Calculate this maximum elevation H in terms of the initial elevation h? 
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Problem 15:
Consider two solutions to the one-dimensional time-independent Schrödinger equation with same energy E: 1(x) and 2(x) 

(a)  Prove that regardless of the potential energy function U(x),

2(x)1(x)/x - 1(x)2(x)/x = C,
where C is a constant. 

(b)  By considering the boundary conditions, show that if 1(x) and 2(x) are bound state solutions, then C = 0.  From this, show that 2(x)  = γ1(x) for some constant γ, thus proving that there are no degenerate bound state solutions to the one-dimensional time-independent Schrödinger equation.
