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Physics 322 - Electrodynamics II Final exam 2.30 – 4.25 pm, 7 June 2006 
Spring 2006 Instructor: David Cobden 
 
 
Do not turn this page until the buzzer goes at 2.30.  You have up to 1h55m: give your exam to the TA 
before 4.25. 
 
This exam contains 200 points.  Be sure to attempt all the questions. 
 
Please write your name on every page and your SID on the first page. 
 
Write all your working on these question sheets.  Use this front page for extra working.  It is important 
to show your calculation or derivation.  Some of the marks are given for showing clear, accurate and 
appropriate working and reasoning. 
 
Watch the blackboard for corrections or clarifications during the exam. 
 
This is a closed book exam.  No books, notes or calculators are allowed. 
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1. [12] State Maxwell’s equations with nonzero charge and current density. 
 
 
 
 
 
2. [8] State Faraday’s law of induction and show how it leads to one of Maxwell’s equations. 
 
 
 
 
 
 
3. [15] A square wire loop of side a containing a resistor R rotates at angular frequency ω about one of 
its sides, which is the fixed rotation axis.  A constant uniform magnetic field B is applied 
perpendicular to the axis.  Find the power dissipated (Joule heating) in the resistor as a function of 
time t. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. [15] By considering the torque, show that the answer to the previous question is equal to the power 
required to keep the loop rotating. 
 



Page 3  Name _______________________________ 

5. [5] Give an expression for the electromagnetic power flowing through a surface in terms of the E 
and B fields. 
 
 
6. [25] A coaxial cable has inner conductor radius a and outer conductor radius b.  A battery of voltage 
V0 is connected at one end between the inner and outer conductors, and a resistor R is connected at the 
other.  Find the electric and magnetic fields within the cable (neglecting the resistance of the cable.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. [15] Show that the electromagnetic power flowing along the cable is equal to the Joule heating in 
the resistor.  
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8. [15] For a monochromatic plane wave (MPW) with wavevector k and frequency ω, use Maxwell’s 
equations to show that E, B and k are mutually perpendicular. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
9. [5] The electric field of a particular MPW is given by ( )

0 ˆ ˆRe ( ) i kz tE i e ω−⎡ ⎤= +⎣ ⎦E x y .  What kind of 
polarization does it have? 
 
 
10. [10] Find the magnetic field for this MPW. 
 
 
 
 
 
 
 
 
 
 
 
 
11. [10] Find the time-averaged Poynting vector, and hence the pressure exerted by the wave when 
normally incident on a fully absorbing surface. 
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12. [25] A cylindrical wire of radius a carries an oscillating current I = I0 cos ωt.  On close inspection 
it is found to be broken by a cylindrical gap of length b << a.  Find the displacement current density 
inside the gap (neglecting edge effects) and show that the total displacement current crossing the gap 
is equal to I. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13. [10] Find the magnetic field inside the gap. 
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14. [10] Using one of Maxwell’s equations, derive the boundary condition for B⊥ at an interface 
between two materials, and say whether you think this boundary condition is ever violated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
15. [20] Two long solenoids, A and B, are coaxial.  They have the same length l and number of turns N 
but different radii, rA < rB.  Find the mutual inductance between them. 
 


