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Chapter	24	Gauss’s	Law		
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24.2 Gauss’s Law  
�  Let us again consider a positive point charge q located at the center of a 

sphere of radius r . The net flux through the closed surface (Gaussian 
surface).	
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Gauss’s Law 
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Gauss’s Law 
The net flux through the spherical 
surface is proportional to the 
charge inside. The flux is 
independent of the radius r . 

because	the	surface	is	spherical	



•  Gaussian surfaces of various shapes 
can surround the charge q (only S1 is 
spherical). 

 
•  The electric flux is proportional to the 

number of electric field lines 
penetrating these surfaces, and this 
number is the same. 

 
•  Thus the net flux through any closed 

surface surrounding a point charge q is 
given by q/εo and is independent of 
the shape of the surface 

3 Norah	Ali	Al-moneef																																						
King	Saud	university		

24.2 Gauss’s Law	



24.2 Gauss’s Law 
•  If	the	charge	is	outside	the	
closed	surface	of	an	arbitrary	
shape,	then	any	electric	field	
line	that	enters	the	surface	
leaves	the	surface	at	another	
point.	

•  The	number	of	electric	field	
lines	entering	the	surface	
equals	the	number	leaving	the	
surface.		

•  Thus,	the	net	electric	flux	
through	a	closed	surface	that	
surrounds	no	charge	is	zero.		
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24.2 Gauss’s Law 
•  Since the electric field due to many charges is the vector sum 

of the electric fields produced by the individual charges, the flux 
through any closed surface can be expressed as 

 
 
 
•  Although Gauss’s law can, in theory, be solved to find E for 

any charge configuration, in practice it is limited to symmetric 
situations. 

 
•  One should choose a Gaussian surface over which the surface 

integral can be simplified and the electric field determined. 
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The following charges are located inside a submarine: 5.00 µC, 
–9.00 µC, 27.0 µC, and –84.0 µC.  

(a) Calculate the net electric flux through the hull of the 
submarine.  

(b)  Is the number of electric field lines leaving the submarine 
greater than, equal to, or less than the number entering it?  
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Problem  24.9  

(b)	Since	the	net	electric	flux	is	negaFve,	more	lines	
enter	than	leave	the	surface.	
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24.3 Application of Gauss’s Law to Various Charge Distributions  

A spherical Gaussian surface 
centered on a point charge q 

Coulomb’s Law 

•  The field lines are directed radially outwards by symmetry, and E	is	parallel	to	dA	at	
each	point.	Therefore,	E.dA	=	E	dA	and	Gauss’s	law	gives		

Example 24.4 The Electric Field Due to a Point Charge 
•  Starting with Gauss’s law, calculate the electric field due to an isolated point charge q. 
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(A)	For		r	>	a	
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An insulating solid sphere of radius a has a uniform volume charge density ρ 
and carries total charge Q. 

(A)  Find the magnitude of the E-field at a point outside the sphere 

(B)  Find the magnitude of the E-field at a point inside the sphere 

Example 24.5 A Spherically Symmetric Charge Distribution 
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Now we select a spherical Gaussian surface with 
radius r < a. Let us denote the volume of this 
smaller sphere by V’ . 
The charge q in within the gaussian surface of 
volume V’  is less than Q.  
 
 
By symmetry, the magnitude of the electric field 
is constant everywhere on the spherical gaussian 
surface and is normal to the surface at each 
point. 
Gauss’s law in the region r < a gives  
  
  

  (B) for  r <  a 
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Example	24.6	The	Electric	Field	Due	to	a	Thin	Spherical	
Shell	
A thin spherical shell of radius a has a total charge Q distributed 
uniformly over its surface Find the electric field at points	
(A) outside and	
(B) inside the shell.	
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�  (A) Let’s start with the Gaussian surface outside the sphere of 
charge,  r > a	
 The calculation for the field outside the shell is identical to that 
for the solid sphere. 
 The charge inside this surface is Q. Therefore, the field at a 
point outside the shell is equivalent to that due to a point charge 
Q located at the center:  

 	

 so the electric field is 
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�  (B) Let’s take the Gaussian surface inside the 
sphere of charge,   r < a 

�  We know that the enclosed charge is zero so 

�  We find that the electric field is zero 
everywhere inside spherical shell of charge 

 
 
�  Thus we obtain two results 

¡  The electric field outside a spherical shell of 
charge is the same as that of a point charge. 

¡  The electric field inside a spherical shell of 
charge is zero. 
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