
 - 1 - 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Department of Electrical Engineering and Computer Science 

 
6.014 Electrodynamics 

 
Problem Set 6 Solutions                                      Available in Tutorials: April 1, 2002 
 
Problem 6.1 
 

a) Charge relaxation time (p. 88): s108.4
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b) Resistance of the parallel plate structure: Ω×=
×

=
σ

=
−

13
14

101
1010
1

A
d

R  

 

c) Capacitance of the structure: F108.4
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d) For N capacitors in parallel, we have NCCeq =  and 
N
R

R eq = . From circuit 

theory we know that eqeqCR=τ  and we notice that the N’s cancel and that 

RC=τ  and from lecture 10 we know that s108.4RC 5−×=
σ
ε

==τ  

 

e) For M capacitors in series, we have 
M
C

Ceq =  and RMR eq = . From circuit 

theory we know that eqeqCR=τ  and we notice that the M’s cancel and that 

RC=τ  and as before s108.4RC 5−×=
σ
ε

==τ  

 
Note: that for the same capacitors in series or parallel the charge relaxation time is the 
same.  
 
Problem 6.2 
 
 For a solenoid filled with permeability µ, 
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For a toroidal solenoid with gap d, 
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0 )/(2 µµπRd ≥  as stated on Lecture Slide 11-9. 



 - 2 - 

 Since 
2

00 2
2









>=

µ
µ

π
µ

µπ
R

R
d  for 0

510 µµ = , 

 ====
A
AN

R
AN

d
AN

L
π

µ
π

µµ

42

222
0

π
µ

4

2 AN
 . 

Therefore, the inductances for the two configurations are equal.  The ratio 
between the two inductances is 1. 
 
Note:  Even though the magnetic energy stored in the gap comprises about half 
the total stored magnetic energy ( )/(2 0 µµπRd = , the magnetic energy density in 
the gap still dominates the magnetic energy density in the torus. 
 

Problem 6.3 
 

  
 
 
 

Approach: Draw radial lines outward emanating from the center of the inner 
ellipsiod. Then divide the resulting radial lines into four equal distance sections. 
Connecting the ith equal distance points of all the radial lines the ith equipotential 
line can be drawn.  The E-field lines are then drawn such that it is directed from 
the inner conductor towards the outer conductor. The E-field lines are orthogonal 
to both conductor surfaces and the equipotentail lines. 
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Problem 6.4 
 
a) ( )( )DyCBxAyx ++=Φ ),(  
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