
Physics 305  –  Exam 1 
Thursday, February 20, 2020 

 
There are four problems on this exam.  Each problem is worth 25 points.  Start each problem on a new sheet 
of paper, use only one side of each sheet, and encircle your answer(s) to each part.  GOOD LUCK !!! 
 
(1) An axial, cylindrically symmetric magnetic field is given by zsBB ˆ)(=


.  Initially, an ion of charge q 

and mass m moves under the influence of this magnetic field in a circular orbit in the x-y plane at a 
distance R from the z axis.  The magnetic field is slowly increased in magnitude, while keeping the 
shape of the field (as a function of s) unchanged.  Assume that the function B(s) has the same sign 
everywhere and that the ion’s motion is non-relativistic at all times. 

   a. (10 pts) Show that the ion speeds up. 
   b. (15 pts) Now assume that the ion remains in the same circular orbit, with radius R, as it speeds up.  

Find the average value of the magnetic field inside the ion’s orbit, as a function of B(R). 
 Note:  This was the principle behind an early electron accelerator called the Betatron. 
 
 
(2) Consider an infinitely long wire located on the z axis.  There is a current in the wire, I(z), which is a 

function of z, but not of t.  In addition, there is a charge density along the wire, λ(t), which is a function 
of t, but not of z.  Assume that I(z = 0) = 0, and λ(t = 0) = 0. 

   a. (9 pts) Show that λ(t) = kt and I(z) = −kz, where k is some constant. 
   b. (6 pts) Write down expressions for the electric and magnetic fields due to the charge and current of 

the wire in the quasi-static approximation. 
   c. (10 pts) Show that your expressions from part (b) obey Maxwell’s equations, and thus represent the 

exact solution for all points in space at all times. 
 Warning:  Be sure to address appropriately any δ-function cases that arise. 
 
 
(3) An infinitely long, straight wire carries a current I along the z axis (in the +z direction).  It is 

surrounded by a thin, infinitely long, cylindrical conductor of radius R that carries an equal current I 
in the –z direction.  The region in between the wire and the cylinder is filled with isotropic, 
paramagnetic, non-conducting material with relative permeability μr. 

   a. (12 pts) Find B, H, and M at all points in space. 
   b. (10 pts) Find the vector potential at all points in space. 
   c. (3 pts) Verify that your result obeys ∇⋅A = 0. 
 
 
(4) A point charge q is located at rest at the center of a toroid that has an average radius a and a rectangular 

cross section, with height h and width w.  The toroid consists of N tightly-wound turns carrying a 
current I.  Assume h << a and w << a. 

   a. (12 pts) Find the electromagnetic momentum and angular momentum densities at all points in space. 
   b. (4 pts) Find the total electromagnetic momentum and angular momentum for this configuration. 
   c. (9 pts) Now the current in the toroid is turned off, quickly enough so that the point charge does not 

move appreciably during the time the magnetic field drops to zero.  Calculate the impulse imparted 
to the point charge q. 


