
Electromagnetic Theory I
Spring 2009 Exam I

Name_________________________
NOTE: Most partial credit will be given for correctly and completely set up integrals!

dl = dr r + rdφ φ + dz z   dl = dR R + R dθ θ + R sin θ dφ φ    D(C/m) = ε0E(V/m)   ε0 = 8.854·10-12 F/m

1. (6 pts)  The elevation of a ridge running along the y axis is described by the function h = 5 – x2 

(m). 
a) (3 pts) What is the maximum slope of this hill at the point (3m, 2m)?

b) (3 pts) At the same point, what is the slope of the hill along the direction towards the origin?

2. (7 pts) Carefully sketch the equipotentials and electric flux lines for the geometry shown. 
The lines are conductors; the inner circle is at some positive potential and the outer square is 
grounded.  Indicate where E is strongest and where it is weakest.
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3. (12 pts) A power line conductor of radius 2 cm is surrounded by corona (ionized air) resulting 
in a volume charge ρv = 10 e-(r-0.02) nC/m3 at all r > 0.02 m (r in meters.)
a) (4 pts) What is the total electric flux out of a cylinder of length 1 m, radius 10cm, centered on 
the conductor?

b) (6 pts) What electric field would be measured at radius 0.1m = 10cm?

c) (2 pts) Power line conductors are rarely insulated or shielded, because of the expense 
involved for little gain.  However, if a grounded conducting cylinder, radius 5cm, were wrapped 
around this wire, what E would be measured at r = 10cm?  Justify your answer.

4. (5 pts) Suppose you stroke a cat sleeping in a warm dry room (the flat, carpet-mimic sort of 
cat) until its fur holds a surface charge of ρs = +30 nC/m2.  What force then is exerted on a 
-7.5nC point charge on the end of your finger, held 1 cm above the plane of the cat (and far 
from its edges)?



5. (16 pts) Suppose in a region the electric potential is given by V = 25R2 + 3R2cosθ.
a) (6 pts) What is the electric field in the region?

b) (6 pts) What is the circulation of E about the closed path shown, from (10, 0, 0) to (10, π/2, 
0) to (10, π/2, π/2) and back to (10, 0, 0)?

c) (4 pts) Verify Stokes' Theorem for this case.


