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#Problem: Find the potential everywhere for a spherical shell 

of inner radius a and outer radius b with a uniform volume 

charge of total q 

 

-a uniform volume charge=𝜌 

-there are three region 

 r < a 

 a < r <b 

 r > b 

 

 

*Find electric field by Guess law. 

-let the Gaussian surface is sphere 

 

**At region r < a 

At this region no charge enclose so the electric field =zero  
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**At region a < r <b 

∮𝐸. 𝑑𝑎 =
𝑞𝑒𝑛𝑐

𝜀0
 

𝑞𝑒𝑛𝑐 = ∫𝜌. 𝑑𝜏 

𝑞𝑒𝑛𝑐 = ∫𝜌. 𝑟2 sin 𝜃 𝑑𝜃 𝑑𝑟 𝑑𝜑.  

Where boundary (𝜃) 0 --𝜋, (r) a -- r, 

(𝜑)  0 -- 2𝜋 

        𝑞𝑒𝑛𝑐 = 𝜌 
4

3
 𝜋(𝑟3 − 𝑎3) 

 

Because symmetry: 
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4
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Figure 1: where R1is a and R2 is b 



 **At region r>b 

∮𝐸. 𝑑𝑎 =
𝑞𝑒𝑛𝑐

𝜀0
 

𝑞𝑒𝑛𝑐 = ∫𝜌. 𝑑𝜏 

𝑞𝑒𝑛𝑐 = ∫𝜌. 𝑟2 sin 𝜃 𝑑𝜃 𝑑𝑟 𝑑𝜑. 

Where boundary (𝜃) 0 --𝜋, (r) a -- r, (𝜑)  0 -- 2𝜋 

        𝑞𝑒𝑛𝑐 = 𝜌 
4

3
 𝜋(𝑏3 − 𝑎3) 

|𝐸| ∮𝑑𝑎 =  
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4
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|𝐸|. 4𝜋𝑟2 =  
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4
3
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Figure 2(Gaussian surface outside 
sphere) 



Electric field: 

 At r=0 , E=0 

 At a<r<b, �⃗� =
𝜌

3𝜀0
(𝑟 −

𝑎3

𝑟2
)�̂� 

 At r>b,�⃗� =
𝜌  (𝑏3−𝑎3)

3𝜀0𝑟
2

�̂� 

The electrical potential: 

**At r=0, V(r) =0, because charge equal zero 

 

** At a<r<b: 

𝑉(𝑟) = − ∫ 𝐸 ⃗⃗  ⃗
𝑟

𝜕

. 𝑑𝑟 = −∫ 𝐸 ⃗⃗  ⃗
𝑟
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𝑉(𝑟) = −∫ 𝐸 ⃗⃗  ⃗
𝑏
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∫

1

𝑟2

𝑏
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𝜌  (𝑏3 − 𝑎3)
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𝑏
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𝑉(𝑟) = −
𝜌  (𝑏3 − 𝑎3)
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𝑉(𝑟) =
𝜌  𝑏3

3𝜀0𝑏
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𝜌  𝑎3
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After some calculation: 

𝑉(𝑟) =
𝜌𝑏2

2𝜀0
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𝜌

3𝜀0
(
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2
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Where  
𝑞𝑒𝑛𝑐

4

3
 𝜋(𝑟3−𝑎3)

= 𝜌  

𝑉(𝑟) =
𝑞𝑒𝑛𝑐

4
3
 𝜋(𝑟3 − 𝑎3)

(
𝑏2

2𝜀0
−

1

3𝜀0
(
𝑟2

2
+

𝑎3

𝑟
)) 

 

** At r>b 

𝑉(𝑟) = − ∫ 𝐸 ⃗⃗  ⃗
𝑟
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𝑉(𝑟) = −
𝜌  (𝑏3 − 𝑎3)

3𝜀0
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𝑟
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𝑉(𝑟) =
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3𝜀0𝑟
 

Where  
𝑞𝑒𝑛𝑐

4

3
 𝜋(𝑏3−𝑎3)

= 𝜌  

𝑉(𝑟) =
𝑞𝑒𝑛𝑐

4𝜋𝜀0𝑟
 

The potential outside sphere the same as point charge. 

 


