Fall 2006 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!

Problem 1:

A boy wants to throw a can straight up and then hit it with a second can.  He wants the collision to occur 4 m above the throwing point.  In addition, he knows that the time he needs between throws is 3.0 second.  Assuming that  he throws the second can 3.0 seconds after he throws the first can and that he throws both cans with the same speed, what must the initial speed be?  What are the speeds of both cans when they collide?

Problem 2:

Explain why, in a Stern-Gerlach (SG) apparatus, a beam consisting of neutral particles in different spin states is split into different beams.
Problem 3:

The force F in the figure below pushes a block of mass M = 5 kg, which in turn pushes a block of mass m = 1 kg. There is no friction between M and the supporting surface.  If the friction coefficient between the two blocks is , how large must F be if the block of mass m is not to slip?
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Problem 4:

Give the electronic configuration for the Boron atom (Z = 5).  Then enumerate the allowed term symbols 2S+1LJ for the ground state from the point of view of angular momenta alone.

Problem 5:

A small mass slides without friction down the loop track shown in the figure below. 

(a)  Show that the speed at point B must be at least as large as (gR)1/2 if the mass does not fall away from the track.

(b) What must be the height h required to achieve the speed found in (a)?  Give your answers in terms of R.
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Problem 6:

A series RLC circuit is driven by a generator with an emf amplitude of 80V and a current amplitude of 1.25 A. The current leads the emf by 0.65 rad.  What are the impedance and the resistance of the circuit?

Problem 7:
An infinite cylinder of radius R, with its symmetry axis oriented along the z-axis, is filled with uniform charge density .  Determine the electric field E(r), where r is the perpendicular distance from the z-axis.

Problem 8:

A box of mass m slides across a horizontal table with coefficient of friction .  The box is connected by a rope which passes over a frictionless pulley to a body of mass M hanging along side the table.  Find the acceleration of the system and the tension in the rope.

Problem 9:
Pure water can be super-cooled at standard atmospheric pressure to below its normal freezing point of 0 °C.  Assume that a mass of water has been cooled as a liquid to –5 °C, and a small (negligible mass) crystal of ice is introduced to act as a “seed” or starting point of crystallization.  If the subsequent change of state occurs adiabatically and at constant pressure, what fraction of the system solidifies?  Assume the latent heat of fusion of the water is 80 kcal/kg and that the specific heat of water is 1 kcal/(kg oC).

Problem 10:


In the year 2310 construction of the large space colony “Heavy Metal“ is finally completed.  The distance between the “East” and “West” edges of the colony is 400 km in the rest frame of the colony.  To celebrate the end of construction, two flares are lighted at midnight during a New Year’s celebration.  The light from the flares reaches an observer at the center of the colony at the same time.  A fast spacecraft flying with a constant speed of v = 0.95c “East” to “West” is directly over the “East” edge of “Heavy Metal”.  Let Event 1 be flare is lighted on “East” edge and Event 2 be flare is lighted on “West” edge.  In the reference frame of the spacecraft, does Event 1 occur before, after, or at the same time as Event 2?  Explain your reasoning!

Section II:

Work 3 out of the 5 problems, problem 11 – problem 15!
Problem 11:

A thin vertical uniform wooden rod is pivoted at the top and immersed in water as shown.
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The pivot point is slowly lowered. At a certain moment the rod begins to deflect from the vertical.  What fraction of the rod is still in the water at that moment if the density of the rod is one-half of the density of water?

Problem 12:

Find the eigenvalues and eigenfunctions for a particle in a box with sides a, b, c by solving the time independent Schroedinger equation (-2/(2m))2(r+ U(r)(r) = E(r).

Do not just write down your answer but derive it.
Problem 13:

A vertical open glass tube of length h is half-submerged in mercury.  The top end of the tube is then closed and the tube is slowly pulled out until the bottom of the tube is barely submerged in the mercury.  What is the length of the mercury column remaining in the tube?  The atmospheric pressure corresponds to the pressure of a column of mercury of height H.  Assume the temperature is constant.

Problem 14:

Two identical conducting bars rest on two horizontal parallel conducting rails.  The bars are perpendicular to the rails and parallel to each other as shown.  The distance between the bars is l.  At a certain moment, a uniform vertical upward magnetic field is turned on.  The field quickly reaches its maximum magnitude and then remains constant. 
Neglecting friction, find the new distance between the bars. Assume that the resistance of each bar is much greater than the resistance of the rails. 
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Problem 15:

A hydrogen atom is placed in a uniform electric field, E = -E
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.  Place the proton at the origin of your coordinate system.  An electron in the hydrogen atom then has potential energy U(r) = -kqe2/r – qeEz.  U(0,0,z) becomes increasingly positive for negative z .  For positive z the potential energy U(0,0,z) contains a “hill” and then decreases with increasing z.

Sketch the potential energy of the electron, U(0,0,z), as function of z and calculate the energy at the maximum at positive z.  Equate this energy to the energy of the unperturbed (zero field) hydrogen energy level and thereby determine the value of the field required to field-ionize a hydrogen atom with principle quantum number n (neglect tunneling).
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