
Capacitance and Dielectrics 

 

 
 
 



1/ Equation C=0A/d shows that the capacitance of a parallel plate capacitor becomes larger 
as the plate separation decreases. However, there is a practical limit to how small can be 
made, which places limits on how large can be. Explain what sets the limit on (Hint: What 
happens to the magnitude of the electric field as d0). 
 
 
2/ Electrolytic capacitors use as their dielectric an extremely thin layer of nonconducting 
oxide between a metal plate and a conducting solution. Discuss the advantage of such a 
capacitor over one constructed using a solid dielectric between the metal plates. 
 

 
3/ A conductor is an extreme case of a dielectric, since if an electric field is applied to a 
conductor, charges are free to move within the conductor to set up “induced charges.” What 
is the dielectric constant of a perfect conductor? Is it K=0, K∞ or something in between? 
Explain your reasoning. 
 
4/ A parallel-plate vacuum capacitor with plate area A and separation x has charges +Q and -
Q on its plates. The capacitor is disconnected from the source of charge, so the charge on 
each plate remains fixed. (a) What is the total energy stored in the capacitor? (b) The plates 
are pulled apart an additional distance dx. What is the change in the stored energy? (c) If F is 
the force with which the plates attract each other, then the change in the stored energy must 
equal the work dW=Fdx  done in pulling the plates apart. Find an expression for F. (d) 
Explain why F is not equal to QE where E is the electric field between the plates. 
 
Solution 
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Theory of metallic conduction 
 

 

 

 
 
 



Q1) Current causes the temperature of a real resistor to increase. Why? What effect does this 
heating have on the resistance? Explain.  
 
Q2) Which of the graphs in Fig. below best illustrates the current I in a real resistor as a 
function of the potential difference V across it? Explain. (Hint: See Discussion from previous 
question.) Discuss I(V) curve of an incandescent bulb if Rhot =10xRcold. 
 

 
 
 
Q3) Lightning Strikes. During lightning strikes from a cloud to the ground, currents as high 
as 25,000 A can occur and last for about 40µs.  How much charge is transferred from the 
cloud to the earth during such a strike? 
 
P1) A silver wire 2.6 mm in diameter transfers a charge of 420 C in 80 min. Silver contains 
5.8 x 1028 free electrons per cubic meter. (a) What is the current in the wire? (b) What is the  
magnitude of the drift velocity of the electrons in the wire? 
 

 
 
P2)  
(1) Calculate the mean free time between collisions in copper at room temperature. For Cu 
n=8.5 x1028 free electrons per cubic meter and =1.72 x10-8 𝑚, e=1.6 x10-19C and m=9.1 
x10-31 kg for the electrons. 
 
(2) Pure silicon contains approximately contains 1.6 x 1016 free electrons per cubic meter. (a) 
If =2300𝑚, calculate the mean free time for silicon at room temperature. (b) Your answer 
in part (a) is much greater than the mean free time for copper given in (a). Why, then, does 
pure silicon have such a high resistivity compared to copper? 
 
Solution 
(1) 



 
The mean free time is the average time between collisions for a given electron. Taking the 

reciprocal of this time, we find that each electron averages:   collisions 
per second! 
 
(2) From: 

 
 

 


