Fall 2005 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)

Conversions:

Light year: 1 ly = 9.46  1015 m
Atomic mass unit: 1 u = 1.66  10-27 kg
Section I:

Work 8 out of 10 problems, problem 1 – problem 10.

Problem 1:

A particle of mass m1 and velocity u1 collides with a particle of mass m2 at rest.  The two particles stick together.  What fraction of the original kinetic energy is lost in the collision?  (Simplify the answer as much as possible.)

Problem 2:

Consider an electromagnetic traveling wave with electric and magnetic fields given by

Ex = E0cos(kz – t + ),

and

By = B0cos(kz – t + ).

Using Maxwell’s equations show that B0 can be written in terms of E0.

Problem 3:

Light with a wavelength of 300 nm strikes a metal whose work function is 2.2 eV.  What is the shortest de Broglie wavelength for the electrons that are produced as photoelectrons?

Problem 4:

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.  Find the motional emf in the rod.
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Problem 5:

A particle confined in the region [−a, +a] has a wave function ψ(x) = N(a2 − x2).  What is the probability that a position measurement would find it located in the interval [−a/2, +a/2]?

Problem 6:

A rocket has an initial mass of m0 and a constant fuel burn rate of .  What is the minimum exhaust velocity that will allow the rocket to lift off from earth immediately after firing?

Problem 7:

A remote spherical planet of radius c is discovered to have an empty core!  A small mining robot of mass m finds that the planet has an empty spherical void located at its center of radius d.  The density of the massive portion of the planet (which extends from a radius of d out to c) is (.  
(a)  What is the gravitational force on the robot when it is located at a radius less than d?  (b)  In which direction is the force on the robot oriented when it is located at a radius slightly greater than d?  
(c)  Where within the massive portion of the planet would the magnitude of the force on the robot be the least?  
(d)  What is the force on the robot when it is located at a radius r between d and c?  
(Be sure to express your answer in terms of the variables defined in this problem.)

Problem 8:

The weak interactions (for example, beta decay) are mediated by massive particles called intermediate vector bosons, which are observed in accelerator experiments to have masses in the range mc2 ~ 80-90 x 109 electron-volts.  Assuming the weak interactions to occur because of the quantum-mechanical exchange of a virtual intermediate vector boson between two particles, estimate the maximum range of the weak force.

Problem 9:

A polar bear partially supports herself by pulling part of her body out of the water onto a rectangular slab of ice of volume 10 m3.  The ice sinks down so that only half of what was once exposed now is exposed, and the bear has 60% of her volume (and weight) out of the water.  Assume that the bear and the water have mass density 1 g/cm3 and ice has mass density 0.9 g/cm3.  Estimate the bear’s mass.

Problem 10:

What is the resistance of the following network?  Each ohmic resistor has resistance R.
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Section II:

Work 3 out of the 5 problems, problem 11 – problem 15.

Problem 11:
You are given a microphone hooked up to a frequency analyzer and asked to measure the sound velocity in a steel bar of length L = 0.5m by measuring the frequency of sound waves generated when the bar is struck by a steel mallet.  

(a)  Assuming that the bar is supported by a rigid clamp at the center of the bar, derive the relationship between the measured frequencies and the wave velocity.  Be sure to carefully state the boundary conditions used to derive the standing wave patterns from the reflected traveling waves.

(b)  What is the sound velocity if the fundamental frequency is 3500 s-1?

(c)  When the end of the bar is struck parallel and perpendicular to the bar’s axis, different fundamental frequencies are measured.  Explain why and indicate which you expect to have the higher fundamental frequency.

Problem 12:

A switch is closed to charge a capacitor C from a battery of voltage Vo through a resistance R.  (Fig. a).  The c apacitor is a circular parallel plate capacitor of area A = (b2, plate spacing d << b and dielectric constant (. (Fig. b) (Neglect fringing fields and retardation effects.)

(a)  Calculate the (time dependent) charge on the capacitor and the current through the resistor.

(b)  What is the electric field inside the capacitor?

(c)  What is the magnetic field inside the capacitor?
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Problem 13:

The turns at the Daytona Speedway have a radius of 300 m and are banked at about 30o.

(a)  At what speed does the banked curve provide exactly the centripetal acceleration required to move the car around the curve?

(b)  Ignoring factors other than gravity, what is the maximum speed of the car without sliding, if the coefficient of friction between the car and tires is 0.7?

(c)  What additional forces on the race car allow it to exceed this speed?

Problem 14:

A particle of mass m is inside a one-dimensional infinite well with walls a distance L apart.  One of the walls is suddenly moved by a distance L so that the wall separation becomes 2L.  The wall moves so suddenly that the particle wave function has no time to change during the motion. Suppose that the particle is originally in the ground state.

(a)  What is its energy E0 and wave function 0 before the width is doubled?

(b)  What are the energy eigenvalues after the width is doubled?

(c)  If we measure the energy after the width is doubled, what is the probability that it will not have changed?

(d)  If we measure the energy after the width is doubled, what is the probability that the particle will have lost some energy?

(e)  What is the expectation value of the energy before and after the doubling of the width? 
Problem 15: 

The radius of the galaxy is 3*1020 m, measured in its own rest frame.

(a)  If the time it takes a spaceship to cross the entire galaxy is 300 years measured in the spaceship’s rest frame, what is the relative speed of spaceship and galaxy?

(b)  How much time elapses on Earth during this trip?

_1182798370.doc
 

 


V0                                                 C  


                     R                



_1182849330.doc
                           

                                   y


                 B

                                                                  x


_1182799004.doc
                               d

                                B


        I                                      I 



_1182795931.doc



