Fall 2008 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) 
Problem 1:

The UT Physics Department's vacuum cannon fires a 3.8 cm diameter, 2.3 g ping pong ball through a  1.8 m long pipe that has been evacuated to a pressure which is a very small fraction of atmospheric pressure, so that its initial acceleration is simply determined by Newton's second law and the force produced by one atmosphere of pressure acting on the cross-sectional area of the ping pong ball.  (The ends of the pipe are sealed with a very thin plastic film.) However, as the ball accelerates down the pipe, the atmospheric pressure-force also has to accelerate the mass of air that rushes in to fill the pipe behind the ball.  Assume that this variable mass piston of air is a cylinder having the same density as the surrounding atmosphere (1.3 kg/m3) and an initial mass of zero, and that none of this air leaks around the edges of the ball into the evacuated space ahead of the ball.  
(a) Neglecting the effect of the variable mass piston of air, i.e. assuming the acceleration to be constant along the length of the pipe and equal to the initial acceleration, constant acceleration, find the (incorrectly predicted) exit velocity of the ball. 
(b) Derive an expression for the speed of the ball as a function of distance accelerated down the cannon, taking the variable mass piston of air into account.  

(c) Evaluate the terminal velocity (for a very long cannon) for the numerical values given above, and the predicted velocity for our version of the cannon, which is 1.8 m long.  Compare these values, and the result of (a), with the speed of sound in air at room temperature (about 340 m/s) and discuss that comparison.

Problem 2:
(a)  If the Hamiltonian for a system may be written as  H = H0 + H1 where H1 is a small perturbation and H00 = E00, then the effect of H1 gives rise to an energy correction term E0.  Deduce an expression for the energy correction term E0 if 0 is non-degenerate.
(b)  The relativistic dependence of mass on velocity introduces into the energy operator for the hydrogen atom a correction term for the state 
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 that may be written as  
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.  Determine, using first order perturbation theory, the consequent level shift.

Problem 3:

An electron at a distance d = 1 mm is projected parallel to a grounded perfectly conducting sheet with an energy of 100 electron volts.  
(a)  Find the distance that the electron travels until it hits the plate.  Neglect the force of gravity.
(b)  Find the magnitude and direction of a magnetic field parallel to the surface of the plate and perpendicular to the electron velocity that keeps the electron from hitting the plate.

Problem 4:
An object of mass m slides on a horizontal, friction-free horizontal table.  A light, inextensible string, which passes through a small hole in the table, attaches the mass to a second body of mass M.  The second body hangs below the table where g = -9.8 m/s2; see the sketch.  At time t = 0, mass m is located at position (r, ().
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(a)  Determine the differential equations governing the motion of the system.

(b)  For the special case that r = constant, solve the resulting equations and interpret your results.

(c)  What are the constants of motion for this system?

Problem 5:

A neutral pion 0 with rest mass 135 MeV/c2 is moving with a kinetic energy of 1 GeV and decays into two photons, 0 ( 2.

(a)  Find the energy of each photon if the decay process causes them to be emitted in opposite directions along the pion’s original line of motion.

(b)  Find the angle between the directions of emission of the photons if they are emitted at equal angles to the direction of the pion’s motion.

Problem 6:

Find the magnetic field H and the magnetic induction B on the symmetry axis of a right circular cylinder of uniform cross sectional area A and length L with uniform lengthwise magnetization M.

Problem 7:

A particle of mass m moves in a one-dimensional potential energy function U(x) given by

U(x) = 

for x  0,
U(x) = x
for x > 0.

The energy E = p2/(2m) + x must be positive, so the particle moves between x = 0 and x = -1E, the classical turning points.  Use the Bohr-Sommerfeld quantization rule, 
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where n = 0, 1. 2, … , and 0 <  1 is a constant to determine the energy levels En.
Problem 8:

Neutrons are released into an evacuated cubical chamber and lowered to a very cold T = 1 mK temperature.  What is their mean height above the floor of the chamber, once their gravitational energy has reached an equilibrium distribution?  (Show work!  Derive a formula and quote a number.)
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