3 Electric Potential
Potential Energy And Work
A force F does work in moving an object from a to b. The work done = 
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A force is conservative if the Work done to move from a to b depends only on the endpoints and not the path.

One can assign an energy U to every point by:
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 This defines potential energy U at every point
e.g.

Potential of 2 point charges q at the origin and q0 at r.

Calculate U of q0 by bringing it in from infinity.
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So U(r) = 
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Taking 
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Check: If q and q0 have same sign it takes work to assemble configuration. So PE is increased.

Check: If q and q0 have different sign it does not take work to assemble configuration. So PE is decreased. 

System Of Charge

Bring q0 to a position r within a collection of charges qi at positions rqi such that 
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This is a direct consequence of superposition Ei
Total Potential Energy required to assemble q1, q2, …, qn

1) Bringing in q1 takes zero energy

2) Bringing in q2 
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3) Bringing in q3 
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So total energy Utot = 0 + U2 + U3
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So for n charges you will get
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Electric Potential
Since 
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 we can define:
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So V due to a point charge q is:
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V due to a collection of charges = 
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Potential As A Line Integral Of F
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So 
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e.g. Consider a line of infinite charge of Charge / Length 
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From earlier we know that 
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So V(r) - V(r0) = 
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]

r

r

r

r

r

r

r

dr

dl

r

r

0

0

0

ln

2

2

.

1

2

0

0

^

0

pe

l

pe

l

pe

l

-

-

-

ò

ò


V(r) - V(r0) = 
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So 
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e.g. Uniform sphere of charge of Charge / Volume 
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 with radius R=a.
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Then 
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Take 
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r > a:
V(r) – 0 = 
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r < a:
V(r) – V(a) = 
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So V(r) = V(a) -
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Is V(a+) = V(a-) i.e. is V continuous.

It is continuous as E is finite everywhere. 

Thus V(r) = 
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Equipotentials

Surface at which v is constant.

Then 
[image: image36.wmf]ò
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 for any path on equipotential is 0.

So no tangential E on equipotential, E is just perpendicular. Hence surface of a conductor is an equipotential. 

E As The Gradient Of V
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  True for all paths.
So 
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Since 
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So 
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e.g.
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e.g. Point charge q at origin has 
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As V has no angular components
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