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1.) For the function f(r) = 3r% — 2,
a.) (10 pts.) evaluate Vf(r) in Cartesian coordinates.

b.) (10 pts.) Evaluate the line integral [ V f(r) - dr for the path ABCDEFGHI shown
in Figure 1. Coordinates (z,y, z) of the points are shown in Figure 1.
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2.) (10 pts.) For a vector field v = —2yé, + zé, + (z + y)é, evaluate the line integral [v-dr
for the segment DEF of the path shown in Figure 1. Note that v is not the gradient of any
scalar field.

3.) (15 pts.) The function E = —2&— is the relativistic total energy of a particle of mass

1-v2/c?
m and velocity v. Often v << c and in such situations you may expand the energy E about

v = 0. Determine this expansion with terms up to order v* included.



4.) (15 pts.) The vector field v(r) obeys V x v = cé,, where c is a constant.

Evaluate [, vedr for the path ABCDA around the inclined plane shown in Figure 2.
Coordinates (z,y, z) are shown for each corner of the plane and a view looking toward the
origin along the x-direction is shown in Figure 2b so that the 45° inclination of the plane is
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5.) In the following, V - v = c is constant inside a cube with dimensions 2R on each side
and center at the origin. Outside the cube V- v = 0.

a.) (10 pts.) Determine the surface integral [v - idS for the surface of a sphere with
radius R and center at the origin.

b.) (10 pts.) Determine the surface integral [ v-fidS for the surface of a cube with sides
of length 3R and center at the origin.

6.) (10 pts.) Inside an infinite cylinder of radius R that has its axis along the z-axis, V.-v = ¢,
where c is a constant. Outside the cylinder, V - v = 0. Determine the vector field outside
the cylinder. Hint: Consider a finite length L of the cylinder.

7.) (10 pts.) The kinetic energy of a particle is m’u2 Express the kinetic energy in terms of
spherical coordinates using 7, § and ¢ to denote the rate of change of the spherical coordinates
with time. Possibly useful information: ;96, ég, d¢er = sinfé,.
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