
Electromagnetic Theory I
Spring 2005 Exam II

Name__________________________

Calculator and 3"x5" card of notes permitted.

1. (4 pts) The solar car team purchased a 1-Farad electrolytic capacitor to form part of an electric
spot welder.  Electrolytic capacitors consist of a metal can as one conducting plate, a very thin
electrically deposited oxide lining the can, and a salt solution (electrolyte) filling the can and
serving as the second electrode.  In this case the can is 20 cm high and 6.5 cm in diameter.  If the
oxide dielectric constant is 5, calculate the oxide thickness of this 1-Farad capacitor. 

2. (4 pts) Electrolytic capacitors are usually fairly lossy, compared to other types of capacitors. 
Suppose it takes 5 days for a charge to dissipate from the 1-Farad capacitor mentioned in
problem 1.  What is the leakage resistance of this capacitor?

3. (2 pts) Predict the value of the electric field inside an aluminum-sided house due to a 12 kV
single-phase power line 4 m in the air, 50 m from the house and parallel to one wall, and explain
your answer.



4. (15 pts) Assume a Van de Graaff generator head is a complete sphere with a radius of 10 cm. 

sA. (4 pts) If the surface charge on the sphere has a density r  = 7.96 mC/m , what is the2

total charge on the sphere?

B. (3 pts) What is the value of the electric flux density D at R = 20 cm?

C. (2 pts) What is the value of the electric field intensity E at all R > 10 cm?

D. (4 pts) What is the voltage of the generator head relative to V = 0 at infinity, in terms

sof the charge density r  ?

E. (2 pts) What is the capacitance of the Van de Graaff generator head?



5. (4 pts) A “crossed fields” situation is being used to select out ions carrying a charge of +2e and
moving at the desired velocity.  If it is desired to select only ions traveling at 0.8c, and the
magnetic field available is 14 T (huge!), what electric field should be used to cause deflection of
all ions traveling at a speed different from 0.8c (that is, only those with v = 0.8 c go straight)?  (e
= 1.6*10  C; c = 3*10  m/s)-19 8

6. (2 pts) Explain how the Hall effect may be used to demonstrate that the charge carriers in p-
doped silicon are positively charged “holes”, not electrons.  A diagram may help.

6. (5 pts) **Carefully** sketch electric flux lines and equipotentials for the geometry below. 
Solid lines are conductors.  Note that the two circles are both at a single potential.

BONUS: (2 pts) How well do you suppose the AM radio will work in the aluminum house in
prob. 3, if the antenna is indoors and the house has only small windows?  Explain answer for
credit.
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