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5. Two long cylindrical rods have the same length, mass and positive charge. The only difference is that
rod 1 is made of metal while rod 2 is made of an insulting material through which the charge is spread
uniformly. For which rod, if either, is...

(a) the potential greater at the surface of the rod (far from the end)? Explain.

The difference in the two situations is that for the metal rod the charges will all repel until they’re
all at the surface of the rod. For the insulated rod, the charges have to stay fixed uniformly through the
rod.

What difference does this cause in the electric field outside the rod? Well, for both rods, in any slice
of the rod you should still have the same amount of total charge. For the metal rod, the charge will be on
the outside surface and for the insulted rod, the charge will be uniform, but the total will be the same. So
if you do Gauss’ Law by drawing equal sized Gaussian cylinders around some piece of the rods, then the
charge enclosed and the area with flux going out will be the same. Since in both cases the electric fields
will be radially pointing away from the rod, then the Electric fields must be equal (you can confirm it by
actually doing Gauss’ Law and finding the electric field). The point is that for every point outside the
rod, the electric fields of the two rods are the same. So charges released from the surfaces of the rods will
experience the same work done as they go out into infinity, so the potentials at the surfaces of the rods are
the same.

(b) the potential greater at the center of the rod? Explain.

Inside the rod is a different situation. If you draw a Gaussian cylinder inside the rods, then for the
metal rod, the charge inside will be zero; all the charge is on the outside surface of the rod. Since the field
through the surface of the Gaussian sphere would have to be perpendicular to the surface, this means that
the electric field has to be zero inside the cylinder (try it!).

For the insulated rod, there will always be some charge inside any Gaussian cylinder inside the
rod, so the electric field in the cylinder won't be zero (except at the center axis).

What does this mean for the potential at the center of the rod? Imagine you start a charge at the
center of the rod, give it a small tap (because it won't move on its own if it’s at the center), and see how
much work the electric field of the rod does as the charge moves to the surface of the rod. In the metal
rod, there’s no electric field, so no work done. That means for the metal rod that any point inside the rod
has the same potential as the surface of the rod. For the insulated rod, the charge will speed up as it
approaches the surface of the cylinder due to the electric field, work is being done on the charge.
Therefore, in this case the potential at the center is greater than at the surface of the rod.

(c) the electric field greater at a point inside the rod but not on the central axis? Explain.
See part (b)
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