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First we arrange two charges q and 
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(The sketch is badly drawn, since R will turn out to be between s and s'.)

From the law of cosines,


r12 = R2 + s2 - 2Rs cos (,   and






(1)


r22 = R2 + s'2 - 2Rs' cos (







(2)

Now we let ss' = R2, so that s' = R2/s. Then we substitute in (2) for s' .


r22 = R2 + (R2/s)2 - 2R(R2/s) cos ( = R2 + R4/s2 - 2 R3/s cos (


(3)

Next we fish out R2/s2 from Eq. (3)


r22 = (R/s)2 {R2 + s2 - 2Rs cos ( }






(4)

But the expression in curly brackets is just r12, so that we wind up with


r2 = (R/s) r1.









(5)

The potential at point p is Vp = kq/r1 - k(q/r2.  If we want this to add up to Vp = 0, we must have


( = r2/r1 =  R/s.








(6)

If we start with a charge q a distance s from the center of a grounded conducting sphere (Vp = 0)

we must place an 'image charge' inside the sphere. The image charge is opposite in sign to the charge outside, and smaller in the ratio R/s, and located at a distance R2/s from the center of the sphere.

For a sphere of radius R in the presence of a charge q, but the sphere is not grounded, we can place an additional image charge Q at the center of the sphere, (in addition to the charge -qR/s) to increase its potential from 0 to kQ/R.)

We can replay this with infinite line charges, using a line charge outside a conducting cylinder, or two conducting parallel long cylinders.

(See the next page.)

We start with infinite line charges +( and -( as shown
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Now from an infinite line charge E = 2k(/r and when we integrate (Edr we get V = 2k( ln(r) + C.  So at p we have


Vp = 2k( ( ln r1 - ln r2) = 2k( ln (r1/r2) + constant.

When r1 = r2 we are midway between the lines, so V = 0, and the constant is also zero.

We do the same deal as before, letting ss' = R2.

Just as before, (Eqs. (1) - (5)) we find 


r2/r1 =  R/s









(6)

independent of the angle (. Thus, we have equipotential surfaces given by


V = 2k( ln (r1/r2) = 2k( ln(s/R)






(7)

Eq. (7) expresses the fact that there are a series of cylindrical equipotential surfaces between the two infinite lines of charge. But expressing them in terms of the distances between two cylinders of radius R is algebraically a bit messy.

