A.3 Electric Potential

Want to introduce another property of electric fields, quantified in terms of a concept called the electric potential. It will provide
further insight into the structure of an electric field surrounding a set of charges, and provide another means of calculating these fields.

dV = Edrcosa
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The electric potential at point r, symbolized V(r), can
be thought of as the ‘amount of electric field lines you travel

against going from r erence tO - Freference 1S USUAlly taken to be
infinitely far away from the charges.

Have to quantify ‘amount of electric field lines you travel against’.
This is done for a typical segment of the path above. And total result is:
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A.3 Electric Potential

Salient Properties of the Electric Potential V(r)
e V(r) doesn’t depend on the path one takes to get from r tor, and
so every point in space has a unique potential, so V(r) is truly a ‘function’.
e V(r) increases as r moves against field lines.
e V(r) decreases as r moves with field lines.
* V(r) remains constant as r moves perpendicular to field lines. The set of
r's at the same potential is called an ‘equipotential’.

For instance, consider the two points in the

| Electric field shown. Draw the equipotential
D ¥ et running through each point. Which is at the

' : | higher potential?

V, cen is higher than V.
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A.3 Electric Potential

Now we want to practice getting the potential for different charge configurations. First we will need to know how to

calculate the potential of a point charge, q.
Note that g here is not

r r r 1
Frot. = kq - kq kq kq absolute value, so if
\\\\1 '//h1:inity v :_j E'dr:__[Fr’dr:_J-r_zdr:T \ :T charge is negative, then
Tref 0 0 you should put the

negative sign in.

5 @y If we have multiple charges, then we just add up the potentials ka.
- ‘r f of each charge. Note there are no vectors going on here. Itisa V= Zvi V= T
; ‘scalar’ sum. !
® ©
Q, Q
' If we have a continuous distribution of charge, then kdq
) on of e vV =[dv dv =—
we add up the potentials of each infinitesimal charge, dq. r
[ | 0 Again, no vectors to add here. It’s a ‘scalar’ integral.




A.3 Electric Potential

Consider the HCl molecule again, and coordinate P = (100pm, 100pm).
What is the electric potential at that point?
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A.3 Electric Potential

Or consider a 50cm rod centered on the y-axis, with charge g = 4nC evenly distributed on it. What is the
potential at the point y = 30cm?
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A.3 Electric Potential

Or let’s revisit the Geiger counter. We said that its electric field was all that stuff down there.
What is the potential of the inner cylinder, w/r to the outer cylinder?
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If we know the field, then it’s perhaps easiest to get V by direct integration. The potential difference can be found by
integrating dV between the outer plate and inner plate....
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A.3 Electric Potential

From the electric field, we can get the potential. We can also go backwards. Consider following example,
which we’ll use to segue into our main goal, which is to work out how to construct E, given knowledge of V(r).
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Consider the equipotentials above. Draw the three Field lines run perpendicular to the equipotentials,
electric field lines that go through the indicated and towards lower potential. Charge at origin must
points. What’s the sign of the charge(s) at the origin? be a negative, since field lines are going towards it.



A.3 Electric Potential

So suppose we know the potential everywhere. How do we get the field, say at that point
in space? We know it points perpendicular to the equipotentials, from higher to lower -
another way to say this is, that it points in the direction along which the potential most
rapidly decreases. Let this direction be called §. And let the distance between the two
equipotentials along this direction be ds. Make dr the associated displacement vector.
Then finally, the potential difference, dV, between the two equipotentials would satisfy:
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A.3 Electric Potential
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On the graph, estimate the electric field strength along
the highlighted (blue) field line segment.
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Along which of the curves is the electric field generally the highest?

Along the green curve, as the equipotentials are more closely
spaced there.



A.3 Electric Potential

In a previous problem, we derived the following expression for the electric
potential along an axis running through the center of a wire. Infer from
this expression the y-component of the electric field along the same axis.
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A.3 Electric Potential

Last one....suppose you were given some random function for V(x,y,z). Calculate is the magnitude and direction of the
electric field at the coordinate (-5,-5,5)7?
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