
Homework #4 Solution 

4-1. (a) Let the position vector be 'sinˆ'cosˆˆ' φφ aaa yxρr +== , then 'sinˆ'cosˆˆ φφ aah yxzR −−=

and the electric field intensity due to differential charge segment ρℓadφ’ is given by 
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and the total electric field intensity is given by ∫∫ +
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(b) Likewise, V can be found to be 
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(c) Replacing h with the variable z, then calculating V−∇=E yields 
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Then substituting z = h, one obtains the result given in (a). 

4-2. (a) Given a continuous line charge distribution, V can be found to be 
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(b) Likewise, using Coulomb’s Law, one obtains 
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(c) Using V−∇=E , one can obtain the same result as follows: 
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(d) Take the limit as L→∞, then 
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L
, which is the electric field intensity due to an infinitely 

long straight line with charge density ρℓ (C/m). 

4-3. (a) Using the result from problem 2 (a), with ρ2
=(a/2)

2
+h

2
, and L=a, then the contribution from 

each side of the square is given by 
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Summing up contributions from all sides yield 
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(b) Again, using the result from problem 2(b), the contribution from the side whose center is located 

at (a/2,0,0) can be given by 
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Likewise, the contribution from the side whose center is located at (-a/2,0,0) is given by 
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Hence, the contributions from two sides parallel to y-axis are given by 
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Using the same approach, the contributions from two sides parallel to x-axis are given by 
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Hence, the electric field intensity due to this square line charge is given by 
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(c) Replacing h with the variable z, i.e., 
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then calculating V−∇=E yields 
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Then substituting z = h, one obtains the result given in (b). 

4-4. Due to the spherical symmetry, rErE ˆ= and the Gauss’s Law can be applied. 
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b) iRrb ≤≤  

3

0

0

2

53

0
0

02

2

2

0

0
2

2

15

8

53

4
414 b

b

bb
dtt

b

t
Er

b

r ε
πρ

ε
πρ

π
ε
ρ

π =







−=








−= ∫  

Thus, 

2

0

3

0
2

15

2

r

b
Er ε

ρ
=  

c) oi RrR ≤≤ ; 03 =rE  

d) rRo < ; 
2

0

3

0
4

15

2

r

b
Er ε

ρ
=  

4-5. (a) (i) V = 0 at infinity 
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(ii) V = 0 at r = 0 
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(iii) V = 0 at r = a 
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