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(m) The Classic Image Problem

Suppose a point charge q is held a distance d above an infinite grounded conducting plane. We

can find out what is the potential in the region above the plane.
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Forget about the actual problem; we are going to study a complete different situation.

The new problem consists of two point charges +q at (0,0,d)and —q at (0,0,—d)and no

conducting plane. For this configuration we can easily write down the potential:
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V(x,y,z)=

(The denominators represent the distances from (x,y,z) to the charges +q and —q ,

respectively.) It follows that
1.V =0,when z=0 and

2.V -0 for x> +y*+2z°>>d?,
and the only charge in the region z >0 is the point charge +q at (0,0,d). Thus the second

configuration produces exactly the same potential as the first configuration, in the upper
regionz >0.
Induced Surface Charge

The surface charge density o induced on the conductor surface can be calculated by
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where aa—v is the normal derivative of V at the surface. In this case the normal direction is the z -
n

direction, so
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As expected, the induced charge is negative (assuming q is positive) and greatestat x=y =0.
The total induced charge Q = Iada.
This integral, over the xy -plane, could be done in Cartesian coordinates, with da = dxdy, but its

easier to use polar coordinates(r,#), with r? = x>+ y* and da = rdrd¢.
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Force and Energy
The charge q is attracted towards the plane, because of the negative induced surface charge. The

2

1 W, -

force: F=- >3
4rz, (2d)

One can determine the energy by calculating the work required to bring q in from infinity.
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