37.

(a)

The the magnetic field at a point within the hole is the sum of the fields due to two current
distributions. The first is that of the solid cylinder obtained by filling the hole and has a current
density that is the same as that in the original cylinder (with the hole). The second is the solid
cylinder that fills the hole. It has a current density with the same magnitude as that of the original
cylinder but is in the opposite direction. If these two situations are superposed the total current in
the region of the hole is zero. Now, a solid cylinder carrying current i, uniformly distributed over
a cross section, produces a magnetic field with magnitude
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a distance r from its axis, inside the cylinder. Here R is the radius of the cylinder. For the cylinder
of this problem the current density is

A w(a?—b2)’

where A = 7(a? — b?) is the cross-sectional area of the cylinder with the hole. The current in the

cylinder without the hole is
2
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and the magnetic field it produces at a point inside, a distance r; from its axis, has magnitude
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The current in the cylinder that fills the hole is
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and the field it produces at a point inside, a distance ry from the its axis, has magnitude
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At the center of the hole, this field is zero and the field there is exactly the same as it would be if
the hole were filled. Place r; = d in the expression for By and obtain
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for the field at the center of the hole. The field points upward in the diagram if the current is out
of the page.

If b = 0 the formula for the field becomes

B potd .
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This correctly gives the field of a solid cylinder carrying a uniform current ¢, at a point inside the
cylinder a distance d from the axis. If d = 0 the formula gives B = 0. This is correct for the field
on the axis of a cylindrical shell carrying a uniform current.

Consider a rectangular path with two long sides (side 1 and 2, each with length L) and two short
sides (each of length less than b). If side 1 is directly along the axis of the hole, then side 2 would be
also parallel to it and also in the hole. To ensure that the short sides do not contribute significantly
to the integral in Ampere’s law, we might wish to make L very long (perhaps longer than the length
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