Fall 2009 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)
Section I:
Work 8 out of 10 problems, problem 1 – problem 10!  (8 points each)
Problem 1:

A space station designed to keep its inhabitants comfortable consists of a hollow tube curved into a large circle rotating around the central axis of the circle.  The astronauts move on the inner surface of the outermost wall.  If the distance of the outer wall from the axis is R = 60 m, what must be the speed v of a point at the outer wall so that a bathroom scale will read what it would read on earth?
Problem 2:
Consider an electron propagating in empty space with velocity v, and hence with energy Ee = mc2.  Show that the electron cannot emit a photon.
Problem 3:

Five capacitors of capacitance C are in the network shown below.
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What is the total capacitance?

Problem 4:
Calculate the entropy change of 1 mole of an ideal gas that undergoes an isothermal transformation from an initial state of pressure 1.5 atm and a volume of 500 cm3 to a final state of pressure 0.90 atm.
Problem 5:
Particles of some system can occupy only 3 energy levels, the ground state of energy 
E0 = 0, and two excited states of energies E1 = E and E2 = 2E.  In thermodynamic equilibrium, there are 16/21 particles on average in the ground state.  Calculate the temperature of this system and the average energy of a single particle.

Problem 6:
A star is moving towards the earth at a speed of 3×106 m/s.  This speed was determined by observing that the wavelength of a particular spectral line was shifted by 1 nm. 
(a)  What is the wavelength of the spectral line that must have been used for this measurement? 

(b)  Was the shift towards shorter or longer wavelengths?

(c)  When observing a different star from earth, the frequency for that particular line is observed to have increased by 80%.  How fast is that star moving relative to earth? 

(d)  Is it moving towards or away from earth?
Problem 7:
A simple pendulum of length b with a bob of mass m is attached to a massless support moving horizontally with constant acceleration a.  

(a)  Compute the Lagrangian function. 

(b)  Write down Lagrange’s equation of motion.  

(c)   Simplify and compare the equation of motion to that for a simple pendulum with a fixed (motionless) support.
Problem 8:
A rod of length L lying in the xy-plane pivots with constant angular velocity  counterclockwise about the origin.  A constant magnetic field of magnitude B0 is oriented in the z-direction.
(a)  Find the motional emf in the rod.
(b)  At what end of the rod will the negative charge concentrate?
Problem 9:
The magnitude of the spin of a given particle is
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(a)  What are the matrix forms of the operators Sx and Sz that correspond to the spin components of this particle along the x- and z-axes?

(b)  Show that the possible measured projections of the spin of this particle along the x-axis are ±/2.  

(c)  From the two operators Sx and Sz, show how you would construct the operator corresponding to the spin component of this particle along the y-axis.

(d)  Verify that the square of measured magnitude of the spin of the given particle is 32/4.
Problem 10:
A helicopter accelerates upward with a cable of mass 8 kg and length 17 m attached to a mass of 150 kg hanging vertically below it.  If a transverse pulse initiated by wobbling of the mass takes 0.238 seconds to travel the length of the cable, what is the upward acceleration of the helicopter?

Section II:
Work 3 out of the 5 problems, problem 11 – problem 15! (12 points each)
Problem 11:
Two long, thin cylindrical conducting shells of radii r1 and r2, respectively, are oriented coaxially (one cylinder is centered inside the other).  The inside cylinder with radius r1 carries a linear charge density  while the outside cylinder carries an equal and opposite linear charge density –.
(a)  In what direction does the electric field point between the two cylinders?  Explain.

(b)  Find the electric field

(i)  inside the smaller cylinder,

(ii)  between the cylinders,

(iii)  outside the cylinders.

(c)  Plot the total electric field as a function of r, i.e., as a function of the distance from the cylinders' center.

(d)  Find the potential difference between the two cylinders.

(e)  The construction defines a coaxial cable which is a device useful to transmit information.  Find the capacity per unit length of this cable assuming that there is vacuum between the two cylinders.

(f)  Now assume that keeping the charge of the cylinders constant the space between them is filled with a dielectric with dielectric constant .  Does the capacity per unit length change?  Why?
Problem 12:
A rocket starts in free space by emitting mass with a constant speed with respect to the body of the rocket.  What fraction of the initial mass remains when the rocket’s momentum has its maximum value?
Problem 13:
(a)  For a gas of electrons in which quantum mechanical effects can be neglected, above what temperature would you expect special relativistic effects to become important? 
(b)  For a gas of non-relativistic electrons, above what electron number density would you expect quantum mechanical behavior of the gas to become important if its temperature is 107 K?

Problem 14:
Another set of two thin black parallel plates is inserted between two parallel black surfaces held at temperatures T1 and T2, respectively.  
Calculate the temperatures T’and T’’ of these plates in equilibrium.  
(Assume that the area A of the plates is very large, A ( .)
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Problem 15:
Two particles of mass m are moving in the x-y plane subject to the inter-particle potential V(r1 - r2) = V0/|r1 - r2|2 with V0 > 0.  The initial conditions are
r1(t = 0) = (-, -y0),  r2(t = 0) = (, y0),  and p1(t = 0) = (p0, 0),  p2(t = 0) = (-p0, 0),
with p0 > 0.

What is the distance of closest approach of the two particles?
_1309159327.doc
 

 


 


                            +     -



_1308828710.unknown

