[11. Gauss Law ( )
Alternative look of Coulomb’ slaw

1. Flux of dectricfied ( )
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Flux of airstream (volume flow rate)
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P — vdcos = v - A4

Imagine whenq = 0, F = 0.

o, flux of E is
P=—XF.A4
q;i“;l;. $ = f 4 A {electnc flux through a Gaussian surface)

»The eleciric fluz & through a Gaussian surface iz proportional to the net number of electric field lines passing through that
surface.

2. Gauss Law ( )

Enf EdA =g, (Gas:'law)
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Gauss' Law can take advantage of special symmetry of the condition ,
through proper choices of the Gaussian surface.




3. Important Examples

a) Point charge (spherica symmetry)
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q which isjust the result of Coulomb’s Law.

So, Gauss'slaw is equivalent to Coulomb’s law.

b) Charged spherica shell (sphericd symmetry)

F =0 (sphencal shell, field at » < &),
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c) Charged sphere (sphericd symmetry)
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d) Charged line (cylindrica symmetry)
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4. |solated charged conductors ( )
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Conductor: charge can move around
Copper When the sysem isin equilibrium, inside E = 0, and there will be no
surface chargein bulk (al the charges are on the surface).
Gaussian
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If thereisa cavity ( ) ingde of the conductor, there will be no
charge on thewall (surface) of the cavity.
Catssian
surface
Copper
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o, dl the excess charge will go to the surface of a conductor and E exigts only outside of the surface.

Now, consder asmdl piece of aouter surface:

€QEA = o A, _ ,
s isthe surface charge density
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Example: conducting plates
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V. Electric Potential ( )

1. Introduction: electric potential energy and electric potential

Newton'slaw for gravitational force and Coulomb’slaw for electrostatic force are mathematically
identical.

Smilar to gravitation that eectrogtatic force is aconser vative force, so one can define an electric
potential energy
AUV=T - U= — W
where W is the work done by the eectrostatic force on the particles.

For convenience, we usudly take U; = O (for example, imagine that charges are initidly infinitely
separated), then U; © U = -Wk, with Wy the work done by eectrogtatic force between the charged
partides during the move in from infinity.

Quedtion:
In the figure, a proton moves from point /1o point Fin a uniform eleciric fisld directed as shown. (2) Does the electric field
do positive or negative work on the proton? (b) Does the electric potential energy of the proton increase or decreaze?
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Answer: (a) negative (b) increases (because that kinetic energy decreases).
Electric potential is defined as the eectric potentid energy per unit charge a a point under an electric
fidd:
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2. Electric potential and eectric field
Path Field line Work W done by the dectric fidld on the charge qp is

—

AW=F.dg =@E ds

If we set Vi =0, then the dectric potentid V at point f is
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3. Potential dueto a point charge

4. Equipotential surfaces (

y

E+ds =Ecostds For the present case, =0 and ds=dr .
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Potentid due to more than one chargesis then given by
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Equipotential surface
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5. Potential dueto a continuous charge distribution
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Example: aline of charge
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Example: acharged disk
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6. Electric potential energy of a system of point charges
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So the potentid energy of this two-charge sysemis
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