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(1) (a) A spherical surface of radius 3mm is centered at P(4m,1m,5m) in free space. Let D = xax 

C/m2. Find the net electric flux leaving the spherical surface.         (2 marks) 
 
Since D is electric flux density, the flux leaving the surface is ∫∫ ⋅∇=

VS

dvd DSD. . The last step 

uses divergence theorem. Using the equations given above, one could also use Gauss’ law 
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)sphereofvolume(1 −− ×=×=×=∴ ∫ ππSD. . Note the units are Coulombs (C). 

 
(b) Find the electric field everywhere given an infinite cylinder of charge with   

(3 marks) 
ρv = 0                                ρ  < 1m,  
ρv = 2sin(2000π ρ)           1m < ρ  < 1.5m, 
ρv = 0                               ρ  > 1.5m 
 

Clearly, this problem is solved using Gauss’ law. Due to symmetry, the fields are in the ρ-
direction. As done several times in class, the Gaussian surface will be a cylinder of radius ρ and 
length L. We need to worry about three cases, ρ < 1, 1 < ρ < 1.5  and ρ > 1.5. 
 
Gauss’ Law : encl

S

Qd =∫ SD. . Also, D = Dρ aρ ⇒ LDd
S

πρρ 2=∫ SD.  

 
Case 1: ρ  < 1. Since the charge density for ρ < 1 is zero, there is no charge enclosed within any 
surface. Therefore the flux density D = 0 and E = 0. 
 
Case 3: ρ > 1.5. Now, the surface encloses all the charge within the length L.  
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Since sin(2nπ) = 0 and cos(2nπ) = 1 for integer n, sin(3000π) = sin(2000π)=0, cos(3000π)=cos(2000π)=1. 
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Case 2: 1 < ρ < 1.5. Now, the Gaussian surface encloses only some of the charge. 
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