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24 Gauss’s Law
24.1 Electric Flux
24.2 Gauss’s Law
24.3 Application of Gauss’s Law to Various Charge Distributions
24.4 Conductors in Electrostatic Equilibrium
3. Gauss’s law  
a) Students should understand the relationship between electric field and electric flux, so they can: 
! (1) Calculate the flux of an electric field through an arbitrary surface or of a field uniform in magnitude over a 
! ! Gaussian surface and perpendicular to it.  
! (2) Calculate the flux of the electric field through a rectangle when the field is perpendicular to the rectangle and a 
! ! function of one coordinate only.   
! (3) State and apply the relationship between flux and lines of force.   
b) Students should understand Gauss’s Law, so they can: 
! (1) State the law in integral form, and apply it qualitatively to relate flux and electric charge for a specified surface.   
! (2) Apply the law, along with symmetry arguments, to determine the electric field for a planar, spherical or 
! ! cylindrically symmetric charge distribution.   
! (3) Apply the law to determine the charge density or total charge on a surface in terms of the electric field near the 
! ! surface.  

Gauss’s Law 87:00
  * Electric Flux (⧲E ): If a uniform electric field E is perpendicular to a plane of area A, then the electric flux through the area 

 is  defined as the product ⧲E = EA. If E makes an angle 𝝧 with the normal (perpendicular) to the plane, then the flux is 

 given by  ⧲E = EAcos 𝝧.

  * In general, given an electric field E in a certain region of space, and a closed surface, we define the electric flux through the 
closed surface as a surface integral of the dot product of E and da, where da is a vector with a magnitude equal to the area of 
the surface element da and whose direction is the outward normal to the surface element da, and E is the electric field at the 
position of the element da.

  * Gauss’s law: The electric flux through any closed surface is equal to ⧲E =  Qenc / 𝞮o, where Qenc is the charge enclosed 

within the closed surface, and 𝞮oq = 8.854 x 10-12 in SI units.

http://www.youtube.com/watch?v=F_OtyNjOIiU
http://www.youtube.com/watch?v=whv_d-fBCg0
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 Application of Gauss’s Law - Part1 66:48
  * For a sphere of charge, the electric field outside the sphere, with a total charge Q and uniform charge density rho (𝟈𝑞 ), is 

the same as the field due to a point charge Q at the center of the sphere. In other words, to an observer outside the sphere of 
uniform charge density (or a charge density that depends only on r, the distance from the center) the sphere appears to be a 
point charge at the center.

  * For a sphere of charge, with uniform charge density (𝟈𝑞 ), the electric field inside the sphere, at a distance r from the center, 

is     𝟈𝑞 r  / (3εo).

  *Gauss’s law may be used to find the electric field inside a spherical cavity with a sphere of charge. It may also be used to 
find the E-field both inside and outside a sphere of charge with a charge density that varies with r, the distance from the 
center.

http://wn.com/Gauss'_Law_Example_3

VERY GOOD:  http://www.youtube.com/watch?v=00dl3hOu9eQ&feature=fvwrel

http://www.youtube.com/watch?v=Hlj5vGOSQlY&feature=related

http://www.youtube.com/watch?v=h3scK6yxV2E
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 Application of Gauss’s Law - Part2 79:19
  * Gauss’s law may be used to determine the electric field E produced by charge distributions with high symmetry.

  *For an infinitely long line of charge with charge density  λ𝑞  C/m,  the electric field at a distance r from the line is 

     E = λ𝑞  / (2𝝿εor), and is radial.

  *For an infinite sheet of charge with density 𝝈𝑞 C/m2, E =  𝝈𝑞 / (2εo ).

  *Between the plates of a parallel plate capacitor, E =  𝝈𝑞 / εo. Outside, E = 0.

  *For a conductor in electrostatic equilibrium, the electric field is zero everywhere inside the conductor. Also, any excess 
charge added to the conductor will reside on the surface of the conductor. At a point on the surface of the conductor, 

  E =  𝝈𝑞 / εo , where sigma is the surface charge density on the conductor.
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