


 
You have a circular disk of radius a, which has both the top and bottom insulated so that no heat 
flows out of them and there is no z-dependence in the problem.  The outer edge is also insulated.  
The initial temperature distribution is 

 

.   

 
(a) Find the temperature distribution at later times.  Use the notation that  is the jth zero of 

the nth Bessel function and  is the jth zero of the derivative of the nth Bessel function. 

sure you consider all the possible values of the separation constant.   
(b) On physical grounds, what do you expect the final state to look like?  Can you give a 

quantitative answer to this?  If you can, do so. 



 
 
Two masses,  and , 
law. The masses slide frictionlessly on a horizontal rod.  
 

 
 
The position of   is measured from the wall on the left. The position of  is measured with 
respect to   as shown above. In terms of these coordinates, the potential energy of the spring is 
given by the formula 

 

 
where  and  are constants. 
 
(a) Find the Lagrangian for the system. 
 
(b) Find the generalized momenta conjugate to  and . 
 
(c) Write the equations of motion you obtain from the Lagrangian. You need not solve the 
equations. 
 
(d) Write the Hamiltonian for the system. 
 
(e) Find the equations of motion you obtain from the Hamiltonian.  
 
(f) If initially  cm,  cm and  =2 cm and the system is released from rest, what is 
the minimum value  can attain?  What is the total kinetic energy of the system when  is at its 
minimum value? Take each mass to be 50 g. 





 
 
 
Suppose a loop of current I having radius R lies in the x-y plane as shown, centered at the origin. 

z above the (R,0,0) edge of the 
loop.  
 
 
 
 
 
 
 
 
(a) Qualitatively, in what direction would you expect the field to be at point P? Explain your 
reasoning. 
 
(b) To actually obtain the field at this point, you could use the Biot-Savart law: 
 

 

 
where  is the vector pointing from source point  to the point where you want to know the 
field, :  
 

 
 
Determine the expressions for , , and  that you would need to use to apply this formula 
and set up the integral. Put all unit vectors in your  and  answers appropriately in terms of 
the , , and  unit vectors.  cross product. Specify the limits of 
integration that you would need to use in the integral, but 
integral.  
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Starting from the dust-filled, expanding, Newtonian universe, where the sum of the 
kinetic energy and potential energy in an expanding Birkhoff sphere is taken to be 

 mkc2 2, derive the relationship   [H2 (t) 2(t)= kc2    

 




