
Physics 305  –  Final Exam 
Tuesday, May 5, 2020 

 
There are four problems on this exam.  Each problem is worth 25 points.  When you are done, follow 
the instructions on the exam cover page to submit your papers to eCampus.  Be sure to include a 
signed copy of the cover page (which was previously e-mailed to you, is posted on eCampus and the 
class web page, and is attached to this exam). 

GOOD LUCK,  HAVE A GREAT SUMMER,  and STAY HEALTHY !!! 
 
(1) (25 pts) A square loop of wire with sides of length a is centered within a rectangular loop of 

wire with size L × 3a.  Assume L >> 3a.  A current I(t) = kt, where k is constant, is flowing 
around the square in the direction shown in the figure below.  The rectangular loop has 
resistance R.  Find the magnitude and direction of the current flowing in the rectangle. 

 

 
 
(2) An infinite current sheet is located in the x-y plane.  Assume (even though it’s not physically 

possible!) that the surface current density throughout the entire sheet suddenly shifts from K = 
0 to K = K0 x̂  at t = 0, and then remains constant thereafter.  Also assume that this current is 
established in a manner that preserves the electrical neutrality of the sheet at all times. 

  a) (10 pts) What is the vector potential at an arbitrary point along the z axis at some later time t? 
  b) (7 pts) What are the electric and magnetic fields along the z axis at time t produced by the 

current sheet? 
  c) (8 pts) Calculate the Poynting vector for an arbitrary point along the z axis at time t.  Give a 

physical explanation for your result in light of the fields you found in part (b). 
 
(3) Consider a particle of mass m and charge q.  At t = 0, the particle is at rest at the origin.  At that 

moment, a constant electric field E = Ex x̂  turns on. 
  a) (17 pts) Find parametric equations that describe the subsequent motion of the particle. 
  b) (8 pts) Solve your parametric equations to find the position of the particle as a function of time. 
 Note:  It’s possible to do part (b) without doing part (a) first, though I personally think that 

approach is more difficult.  If you find the particle position as a function of time without going 
the parametric route, you will receive full credit for this problem. 

 
(4) Consider a particle of mass M, initially at rest, which decays into a final state that contains two 

particles with masses ma and mb. 
  a) (15 pts) Calculate the energy of particle a in the final state. 
  b) (10 pts) Now assume that M decays into a final state that contains four particles, with masses 

m1, m2, m3, and m4.  Calculate the maximum energy of particle 1 in the final state. 
 Hint:  Don’t do a new calculation for part (b).  Use your result from part (a). 










