Fall 2008 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)
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:
Find the magnitude of the velocity and momentum of an electron which has kinetic energy equal to its rest mass energy.

Problem 2:

A player tossed a ball at some angle relative to the horizon.  The maximum speed of the ball during the flight was 12 m/sec and the minimum speed was 6 m/sec.  What was the maximum height of the ball during the flight?  Please neglect air resistance
Problem 3:
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A flexible “U-tube” with cross sectional area A is filled with a liquid of density ρ that has no viscosity.  The total length of the fluid column is L.  If one side of the U tube is suddenly lowered so that the fluid level on that side is lowered by an amount h with respect to its initial position, when will the heights of the two columns again be equal?  (You may assume that the fluid flow is laminar but with no sticking to the inner surface of the U tube so that all particles in the fluid move at the same speed.  Also, neglect all friction, such as any effects of air resistance in the tube above the liquid)
Problem 4:

Find the change in capacitance C when a metal plate of thickness t is inserted into an air-gap parallel plate capacitor of capacitance C and plate separation d > t.

Problem 5:
A thin lens creates a sharp image of the object onto the wall.  The distance between the object and the wall is nine times the distance from the wall to the closest focal point. What is the object magnification?
Problem 6:

What is the mean speed of a thermal (room temperature) neutron?  (Show work!)

Problem 7:

A cylindrical shell rolls without slipping down an incline as shown below.  If it starts from rest, how far must it roll along the incline to obtain a speed v?
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Problem 8:

Three identical capacitors (capacitance C) are connected in series to a source of electric potential V.   The capacitors are then individually disconnected from the source and wired in a new, series-parallel circuit in which two capacitors remain in series in their original orientation and the third is placed in parallel with the first two, with its positive plate connected to the positive end of the series pair, as shown in the figure.  Find the new potential difference, V', of the combined capacitors.
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Problem 9:
An ideal diatomic gas is compressed adiabatically from its initial state 
(T = 27 (C, P = 105 Nm—2, volume V0) to its final state where V = (V0/12).  Find the final temperature of the gas.
Problem 10:
A simple circuit contains a battery of emf V0, a resistor R and a capacitor C in series with a switch S that can be opened and closed.
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The capacitor is uncharged when, at t = 0, the switch is closed.  Current begins to flow and the capacitor will charge.  

(a)  Write the equation relating the charge on the capacitor Q(t) and the current in the circuit I(t) to V0 and time.  

(b)  Solve for the voltages VC(t) across the capacitor and VR(t) across the resistor.

(c)  Sketch VC(t) and VR(t).

Section II:
Work 3 out of the 5 problems, problem 11 – problem 15! (12 points each)
Problem 11:

The shortest way from the US to Australia is via a tunnel that goes thought the center of the Earth.  If one could build such a tunnel and make it friction free, then an object dropped at the US side with zero initial velocity would emerge after some time on the other side in Australia.  Assuming that density of the Earth is uniform (which is not correct), calculate how long it would take for an object to pass through such a tunnel.

Problem 12:

A naïve model of a solid is that of a bunch of balls (atoms) connected by springs (bound by inter-atomic potentials which can be approximated by harmonic potentials near equilibrium).  If each inter-atomic spring has spring constant k, you can relate this microscopic value to the macroscopically measurable value of Young's modulus, Y.  
Young's modulus is the ratio of stress (F/A, or applied force, F, perpendicular to the cross-sectional area, A, of a bar of material per unit cross-sectional area), to strain (ΔL/L, or the fractional change in length of the bar of material); thus, Y ≡ (F/A) / (ΔL/L).  Evaluate k for the inter-atomic springs of aluminum, which has a Young's modulus of 
70 GPa.  Assume that the aluminum atoms are arranged in a simple cubic lattice (they are really face-centered cubic); you can determine the inter-atomic spacing by knowing that the density of aluminum is 2.70 g/cm3 and that a mole of aluminum has a mass of 27 g.  Express your result for k in SI units.

Problem 13:

A charge Q is uniformly distributed through the volume of a sphere of radius R.  Calculate the electrostatic energy stored in the resulting electric field.
Problem 14:

Use the virial theorem for the eigenstates of atomic hydrogen, namely, 
<nlm|T|nlm> = -Enl, where Enl is the eigenenergy of the |nlm> bound state and T is the kinetic energy operator for an electron bound to a proton, to evaluate the sum 
nlm |<nlm|p|n’l’m’>|2, where p is the momentum operator and the sum is over a complete set of bound and continuum states.  Take the proton mass to be infinite and give your answer in terms of En’l’ and the mass me of the electron.
Problem 15:
A thin disk of ordinary metal with electrical conductivity ( has radius R and thickness d.  It is held fixed in a perpendicular magnetic field B(t) = B0 + (t where B0 and ( are positive constant quantities.  In the following, neglect the self inductance of the disk.  See the sketch.
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(a )  Find the current density vector j(r) at distance r from the axis of the disk.

(b)  Determine the energy/time delivered to the disk by the field.  What becomes of this energy?

(c)  Suppose that the constant ( becomes negative, i.e., that ( ( —(.  How do your results in parts (a) and (b) change?

