
Gauss’s Law
Conductors Insulators

 • Charge is distributed uniformly on the  
surface or surfaces (η is used).

 • Polarization occurs.

 • Charge is distributed uniformly throughout 
the area if the object is 2D (η is used) or the 
volume if the object is 3D (ρ is used).

Conductor example
A conducting solid sphere and a spherical shell 
are concentric as shown in the figure below. The 
inner sphere carries a charge of +5.00 μC. The 
outer conducting shell carries a net charge of 
-8.00 μC. The radii shown in the figure have the 
values R1 = 10.0 cm, R2 = 20.0 cm, and  
R3 = 30.0 cm.

i) Find the total excess charge on the inner and   
   outer surfaces of the conducting sphere.

ii) Find the magnitude and direction of the electric 
    at the following distances r from the centre of 
    the inner sphere. 

iii) r = 9.5 cm 

iv) r = 15.0 cm 

v)  r = 27.0 cm  

vi) r = 35.0 cm

Insulator example
A spherical, non-conducting shell of inner radius  
rin = 10.0 cm and outer radius rout = 15.0 cm 
carries a total charge Q = 15.0 μC distributed 
uniformly throughout the volume of the shell. What 
is the magnitude of the electric field from the 
center of the shell at a distance:

i) r = 8.0 cm
ii) r = 12.0 cm
iii) r = 20.0 cm

R1

R2R3

Check the next page for solutions.
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𝑞𝑞𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒  = 𝑞𝑞𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑖𝑖 + 𝑞𝑞𝑜𝑜𝑜𝑜𝑜𝑜𝑒𝑒𝑖𝑖
−8𝜇𝜇𝜇𝜇 = −5𝜇𝜇 𝜇𝜇 +  𝑞𝑞𝑜𝑜𝑜𝑜𝑜𝑜𝑒𝑒𝑖𝑖
𝑞𝑞𝑜𝑜𝑜𝑜𝑜𝑜𝑒𝑒𝑖𝑖 = −3𝜇𝜇𝜇𝜇

𝐸𝐸 = 𝑄𝑄𝑒𝑒𝑒𝑒𝑒𝑒
𝐴𝐴 𝜖𝜖0

   𝑟𝑟 < 0.1 𝑚𝑚 = 𝑄𝑄𝑒𝑒𝑖𝑖𝑒𝑒 = 0  → 𝐸𝐸 = 0

𝐸𝐸 = 𝑄𝑄𝑒𝑒𝑖𝑖𝑒𝑒
𝐴𝐴 𝜖𝜖0

         
𝐴𝐴 = 4𝜋𝜋𝑟𝑟2

(𝑠𝑠𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑠𝑠𝑟𝑟𝑠𝑠𝑠𝑠 𝑜𝑜𝑠𝑠 𝑡𝑡ℎ𝑠𝑠 𝑖𝑖𝑚𝑚𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖𝑠𝑠𝑟𝑟𝑖𝑖 𝑠𝑠𝑠𝑠ℎ𝑠𝑠𝑟𝑟𝑠𝑠)
 𝜖𝜖0 = (8.85)10−12

𝐸𝐸 = (5) 10−6

4𝜋𝜋 (0.15)2 (8.85) 10−12 

𝐸𝐸 = (2) 106 𝑁𝑁/𝜇𝜇 (𝑟𝑟𝑠𝑠𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑟𝑟𝑖𝑖 𝑜𝑜𝑠𝑠𝑡𝑡𝑜𝑜𝑠𝑠𝑟𝑟𝑟𝑟𝑠𝑠)      

𝑄𝑄𝑒𝑒𝑖𝑖𝑒𝑒 = 5𝜇𝜇𝜇𝜇 − 5𝜇𝜇𝜇𝜇 = 0  → 𝐸𝐸 = 0 𝑁𝑁/𝜇𝜇

𝐸𝐸 = 𝑄𝑄𝑒𝑒𝑖𝑖𝑒𝑒
𝐴𝐴 𝜖𝜖0

=
(−3) 10−6

4𝜋𝜋 (0.35)2 (8.85) 10−12  →

𝐸𝐸 = (−2.2) 105 𝑁𝑁/𝜇𝜇  (𝑟𝑟𝑠𝑠𝑟𝑟𝑖𝑖𝑠𝑠𝑟𝑟𝑟𝑟𝑖𝑖 𝑖𝑖𝑖𝑖𝑜𝑜𝑠𝑠𝑟𝑟𝑟𝑟𝑠𝑠)

𝑟𝑟 < 0.1 𝑚𝑚 = 𝑄𝑄𝑒𝑒𝑖𝑖𝑒𝑒 = 0  → 𝐸𝐸 = 0

𝜌𝜌 = 𝑄𝑄
𝑉𝑉 =

(15) 10−6

4
3 𝜋𝜋 (0.153 − 0.13)

= 0.001508 𝜇𝜇/𝑚𝑚³

𝑄𝑄𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒𝑜𝑜𝑠𝑠𝑒𝑒𝑒𝑒 = 𝜌𝜌 𝑉𝑉𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠𝑠𝑠 = 𝜌𝜌 [4
3  𝜋𝜋 (𝑟𝑟3 − 𝑟𝑟𝑖𝑖𝑖𝑖³)]

𝑄𝑄𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒𝑜𝑜𝑠𝑠𝑒𝑒𝑒𝑒 = 0.001508 [4
3  𝜋𝜋 (0.123 − 0.13)]

= (4.5986) 10−6 𝜇𝜇

𝐸𝐸 =
𝑄𝑄𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠𝑠𝑠 

𝐴𝐴𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠𝑠𝑠 𝜖𝜖0
=

(4.5986) 10−6

4𝜋𝜋 (0.12)2 (8.85) 10−12

= (2.87) 106 𝑁𝑁/𝜇𝜇  

𝑟𝑟 > 0.15 𝑚𝑚 = 𝑄𝑄𝑒𝑒𝑖𝑖𝑒𝑒 = 15𝜇𝜇𝜇𝜇 

𝐸𝐸 =
𝑄𝑄𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠𝑠𝑠 

𝐴𝐴𝑔𝑔𝑔𝑔𝑜𝑜𝑠𝑠𝑠𝑠 𝜖𝜖0
= (15)10−6

4𝜋𝜋 (0.2)2 (8.85) 10−12 =   

𝐸𝐸 = (3.372)106 𝑁𝑁/𝜇𝜇 

 

 

Solution Solution

Student Learning Centre 

Call: 905.721.8668 ext. 6578
Email: studentlearning@ontariotechu.ca
Website: ontariotechu.ca/studentlearning

This document is licensed under Attribution-NonCommercial 4.0 International (CC BY-NC 4.0). For more information, visit creativecommons.org/licenses/by-nc/4.0/

Downtown Oshawa campus location: Charles Hall
North Oshawa campus location: Shawenjigewining Hall

mailto:studentlearning@ontariotechu.ca
http://ontariotechu.ca/studentlearning
http://creativecommons.org/licenses/by-nc/4.0/

