
PHYS 122-Lecture 4:  
Gauss’ Law

• Electric Flux

• Gauss’ Law
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Charge and electric flux 

• Positive charge within the box produces outward 
electric flux through the surface of the box, and 
negative charge produces inward flux. (See Figure 
22.2 below.) 
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Zero net charge inside a box 

• Figure 22.3 below shows three cases in which 
there is zero net charge inside a box and no net 
electric flux through the surface of the box. 
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What affects the flux through a box? 

• As Figure 22.4 below shows, doubling the charge 
within the box doubles the flux, but doubling the size 
of the box does not change the flux. 

• Follow the discussion of charge and flux in the text.  



Copyright © 2012 Pearson Education Inc. 

Calculating electric flux 

• Follow the discussion in the text of flux calculation for 
uniform and nonuniform fields, using Figure 22.6 
below. 



Electric Flux

Φ! = #𝐸 % 𝑑𝐴 = #𝐸𝑐𝑜𝑠𝜙𝑑𝐴
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Electric flux through a disk 

� Follow Example 22.1 to evaluate flux through a disk. 
Use Figure 22.7 below. 
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Electric flux through a sphere 

� Follow Example 22.3 to evaluate flux through a disk. 
Use Figure 22.9 below. 
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GaXVV¶V LaZ 
� Gauss¶s law is an alternative to Coulomb¶s law and is completel\ 

equivalent to it. 

� Carl Friedrich Gauss, shown below, formulated this law. 
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Point charge centered in a spherical surface 
� The flux through the sphere 

is independent of the size of 
the sphere and depends 
only on the charge inside. 
Figure 22.11 at the right 
shows why this is so. 
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Point charge inside a nonspherical surface 
� As before, the flux is independent of the surface and depends only 

on the charge inside. (See Figure 22.12 below.) 
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Gauss’ Law in a Material in
Differential Form for EE’s

EE’s often call D the 
“Electric Field!”
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Positive and negative flux 

� Figure 22.14 below shows that flux is positive if the 
enclosed charge is positive, and negative if the charge 
is negative. 
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GeneUal foUm of GaXVV¶V laZ 
� Follow the text discussion of the general form of 

Gauss¶s law. 

� Follow Conceptual Example 22.4 using Figure 22.15 
below. 
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Field of a line charge 
• Follow  Example 22.6 using Figure 22.19 below, for a uniform line 

charge. 
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Field of a sheet of charge 
• Follow Example 22.7 using Figure 22.20 below, for an infinite 

plane sheet of charge. 
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Field between two parallel conducting plates 
• Follow Example 22.8 using Figure 22.21 below for the field 

between oppositely charged parallel conducting plates. 
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A uniformly charged sphere 
• Follow Example 22.9 using Figure 22.22 below, for the field both 

inside and outside a sphere uniformly filled with charge.  

• Follow Example 22.10 for the charge on a hollow sphere. 
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Charges on conductors 
• In the text, follow the discussion on charges in a conductor having a 

cavity within it. Figure 22.23 below will help the explanation. 
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Electrostatic shielding 

• A conducting box (a Faraday cage) in an electric field 
shields the interior from the field. (See Figure 22.27 
below.) 
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ApplicaWionV of GaXVV¶V laZ 
• Under electrostatic conditions, any excess charge on a conductor 

resides entirely on its surface. (See Figure 22.17 below left.) 

• Follow Example 22.5 using Figure 22.18 below right. 
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A conductor with a cavity 

• Follow Conceptual Example 22.11 using Figure 22.24  below. 
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Field at the surface of a conductor 
• The electric field at the 

surface of any conductor is 
always perpendicular to the 
surface and has magnitude  
V/H0. 

• Follow the discussion in the 
text, using Figure 22.28 at 
the right. 

• Follow Conceptual Example 
22.12. 

• Follow Example 22.13, 
which deals with the electric 
field of the earth. 


