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Problem 1: Weapons of Mass Destruction  [20 pts] 
A Nuclear bomb containing 8.0 kg of Plutonium explodes. The sum of the 
rest masses of the products of the explosion is less than the original rest 
mass by 0.01% (a) How much energy is released in the explosion (b) If the 
explosion takes place in a time period of 4.0µs, what is the average power 
deployed by the bomb? (c) What mass of water could the released energy lift 
to a height of 1.0 km.  
 
Problem 2:   A Game of Relativistic “Chicken”   [30 pts] 
In an exchange of prior gunfire two attacking spaceships are rendered 
powerless. They are on a collision course. The spaceships are moving with 
speeds of 0.80c (spaceship 1) and 0.60c (spaceship 2) and are initially 
2.52×1012 m apart as measured by Liz, an Earth observer, as shown in the 
figure below. Both spaceships are 500m in length as measured by Liz. (a) 
What are their respective proper lengths? (b) what is the length of the each 
spaceship as measured by an observer in the other spaceship? (c) According 
to Liz, how long will it be before the spaceships collide? (d) According to 
Spaceship 1, how long before they collide? (e) According to Spaceship 2, 
how long before they collide? (f) If both spaceships are capable of 
evacuation within 90 minutes (by their own clock), will there be any 
casualties?  

 
 

Problem 3:  Mystery Metal :            [20 pts] 
Photons of wavelength 450nm are incident on a metal. The most energetic 
electrons ejected from the metal are bent into a circular arc of radius 20cm in  
a magnetic field whose strength is equal to 2.0×10-5T. What is the work 
function of the metal? 
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Problem 4: Quantum Pool:                                 [20 pts] 
An x-ray photon of wavelength 0.050nm strikes a free stationary electron. 
The photon scatters off at 90o with respect to the direction of incidence. 
Determine the momentum of (a) the incident photon (b) the scattered photon 
and (c) the scattered electron. 
 
Problem 5: The Wedge Function :       [20 pts]  
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Consider a particle of mass m under a potential of the form  
U = - U0 (x/a)    for x < 0 and  
U= + U0 (x/a)    for x > 0.  

(a) Use the uncertainty relations to write the expression for the total energy 
this particle as a function of x.  (b) What is the lowest (minimum) energy of 
this particle.  Assume the situation is non-relativistic. 
 
Problem 6: Déjà vu All Over Again:   [30pts] 
Consider a particle of mass m moving in a one-dimensional box with rigid 
walls (infinite potential) at x = - L/2 and x = L/2.  (a)  Write down the 
expression for the normalized wavefunction for the  ground state and sketch 
the wavefunction.  Indicate the locations of the walls. Calculate (b)  <x> ,  
(c) <p>, (d)  <x2> , (e)  <p2>  and  (f) calculate the product ∆x.∆p in this 
case and compare it with the expectation from the Uncertainty principle.  
 
Problem 7: Rapping About a Electron in a  3-D Rigid Box:   [30 pts] 
Suppose one puts an electron in a three-dimensional box of size L in the x 
and y direction but 3L in the z direction.  
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(a) What is the ground state energy of the electron in terms of , L and the 
electron mass m. (b) what is the energy of the first excited state ? What is the 
degeneracy of this energy level? (c) What is the probability of finding the 
electron between y=0.15L and y=0.35L in its ground state?  
 
Problem 8: An Excited Hydrogen Atom:        [30 pts] 
The radial part of the wavefunction for the Hydrogen atom in n = 3, l =2 and 
ml = 0 state is given by:  
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Calculate the average (a) potential and (b) kinetic energy for this 
configuration. [ Hint: try to avoid needless computation when possible. 
Remember Energy Conservation rule.] 
 
 
 
          

GOOD LUCK  !
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