Applications of Gauss’s Law

This is a trivial example (example 0) that shows how to use Gauss’s Law. Study Example 1, 2 ,3 for exam and 4 for extra credit.
Example 0
Electric Field of Point Charge
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 The of a point charge Q can be obtained by a straightforward application of Gauss' law. Considering a Gaussian surface in the form of a sphere at radius r, the electric field has the same magnitude at every point of the sphere and is directed outward. The electric flux is then just the electric field times the area of the sphere. 
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The electric field at radius r is then given by
[image: image2.png]4 meor?




if another charge q is placed at r, it would experience a force 
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so this is seen to be consistent with Coulomb's law. 

Example 1
Electric Field: Sheet of Charge
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For an infinite sheet of charge, the electric field will be perpendicular to the surface. Therefore only the ends of a cylindrical Gaussian surface will contribute to the electric flux . In this case a cylindrical Gaussian surface perpendicular to the charge sheet is used.  You could use a box if you wanted the result will be the same. The resulting field is half that of a conductor with this surface charge density. 

Numerical Example:
Known  distance from plane r = 0.2 m; surface charge density σ = 1.2E-6 C / m^2; 
єo =  8.84E-12 (N C^2)/m^2
Find E at a distance r from plane.
Solution 
The flux out the cylindrical box (you could have chosen also a square box doesn’t matter here) is
Φ= Q/ єo  according Gauss’s Law; if surface density σ =Q/A is given we can have that 

Q= σ A so that the flux is Φ= Q/ єo  = σ A/ єo. Now definition of Flux is Φ= E2A (in this simple situation the field is perpendicular to surface of Gaussian cylinder so we can use simpler definition of Flux; the 2 comes from the fact we are looking at the flux above and below surface of plate). So we finally have 
Φ= E2A= σ A/ єo that implies E= σ /(2 єo) (NB the field in a capacitor is twice this because there are 2 plates there, fields add up). Notice that the field is independent of distance (this is true if plate is very big, in comparison with distance where you want to evaluate field) so finally we can substitute numbers 

E=1.2E-6 C / m^2/8.84E-12 (N C^2)/m^2= 1.35E6 N/C.

	Electric Field: Conducting Cylinder

The electric field of an infinite cylindrical conductor with a uniform linear charge density can be obtained by using Gauss' law. Considering a Gaussian surface in the form of a cylinder at radius r > R, the electric field has the same magnitude at every point of the cylinder and is directed outward. The electric flux is then just the electric field times the area of the cylinder. 
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Numerical Example:

Known  distance from wire r = 0.4 m; linear charge density λ = 3.2E-6 C / m; 

єo =  8.84E-12 (N C^2)/m^2
Find E at a distance r from plane.
Solution: The wire has the shape of a cylinder but has such a small thickness that we consider it as a one dimensional object, like a straight line. We define the line charge density λ as the charge Q divided the length of the wire L, or the total charge Q can be expressed as Q= λ L. The area of the Gaussian cylinder around the wire is A=2 π r L . So Flux Ф= Q/ єo = λ L/ єo . But the definition of Flux is Ф= EA= E2 π r L =λ L / єo  that implies E= λ /(2π єo r).  Notice that the field depends on distance 1/ r  instead of 1/r^2, in other words near a wire the field goes down with distance and not square of distance (this is the combined effect of many charges, each charge has a field that goes down with square of distance of course). You need to go far away from wire to see E diminish significantly. Interesting result. Let’s substitute the numbers:

E=  3.2E-6 C / m/(2 *3.14 *8.84E-12 (N C^2)/m^2 *0.4 m )=1.4E5 N/C

Example 3

	Electric Field of Conducting Sphere
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The electric field of a conducting sphere with charge Q can be obtained by a straightforward application of Gauss' law. Considering a Gaussian surface in the form of a sphere at radius r > R , the electric field has the same magnitude at every point of the surface and is directed outward. The electric flux is then just the electric field times the area of the spherical surface. 
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The electric field is seen to be identical to that of a point charge Q at the center of the sphere. Since all the charge will reside on the conducting surface, a Gaussian surface at r< R will enclose no charge, and by its symmetry can be seen to be zero at all points inside the spherical conductor
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Numeric Example: 
Known :  distance from center of sphere r = 0.9 m; total charge on sphere = 7.1E-6 C ; 

єo =  8.84E-12 (N C^2)/m^2
Find: E at distance r from center of sphere.
We derived the result in class in all the details, also see above. Let substitute then, 

E=7.1E-6 C/(4* 3.14 *8.84E-12 (N C^2)/m^2 * (0.9 m)^2 )=7.8E5 N/C.

Very simple.

Extra Credit for Exam
Study this example for extra credit for in class Exam

	Electric Field: Sphere of Uniform Charge
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The electric field of a sphere of uniform charge density and total charge charge Q can be obtained by applying Gauss' law. Considering a Gaussian surface in the form of a sphere at radius r > R, the electric field has the same magnitude at every point of the surface and is directed outward. The electric flux is then just the electric field times the area of the spherical surface. 
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The electric field outside the sphere (r > R)is seen to be identical to that of a point charge Q at the center of the sphere. 
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For a radius r < R, a Gaussian surface will enclose less than the total charge and the electric field will be less. Inside the sphere of charge, the field is given by: 
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	Inside a Sphere of Charge
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The electric field inside a sphere of uniform charge is radially outward (by symmetry), but a spherical Gaussian surface would enclose less than the total charge Q. The charge inside a radius r is given by the ratio of the volumes:
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The electric flux is then given by 
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and the electric field is 
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Note that the limit at r= R agrees with the expression for r >= R. 
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