2 Rods

In this problem you will determine the magnetic field produced by three different
infinitely long, cylindrical conducting rods. The figures on the next page are
useful for vizualizing the differences in the rods.

/a/)/State whether you are using MKS or cgs units (0-points).

%d 1: Consider an infinitely long, solid, cylindrical conducting rod (known

as Rod 1) with radius 2a that is concentric with the z-axis and carries
a uniform current density -+Jo in the +z direction (Fig. 1). Let r =
(z? +y2)1/ 2 be the perpendicular distance to the z-axis and @ be the angle
r makes with the positive z-axis. (See Fig. 1.) Find the magnitude and
direction of the magnetic field B, produced by Rod 1 for all r. Give
the direction in Cartesian coordinates using the unit vectors: i, j and k.
(3-points)

/ c\)/‘ﬁRod 2: Consider a second, infinitely long, solid, cylindrical conducting rod

" (i.e. Rod 2) that is parallel to the z-axis and has radius a. The axis of
Rod 2 is centered at (z,y) = (+a,0). Rod 2 carries a uniform current
density —Jp in the —z direction. Let p be the radial distance from the
axis of the Rod 2 and let ¢ be the angle that p makes with the positive
z-axis. (See Fig. 2.) Find the magnitude and direction of the magnetic
field B, produced by Rod 2 for all values of p and ¢. Give the direction
in Cartesian coordinates using the unit vectors: 1 _] and k. (1-points)

Rod 3: Consider an infinitely long, cylindrical conducting rod (i.e. Rod
3) with radius 2a that is concentric with the z-axis and carries a uniform
current density Jo in the +z direction. However in this conductor, an
(infinitely long) hole of radius a is drilled parallel to the z-axis at the
position (z,y) = (+a,0). (See Fig 3). Find the magnitude and direction
of the magnetic field B produced by Rod 3 on the z-axis (at y = 0) for
all values of £ > 0. Give the direction in the Cartesian cordinates using
the unit vectors: i, j and k. (6-points)
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