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1.) (10 pts.) Calculate the gradient of the following function.

f(r,0,¢)=1r° (gcos20 - %)coszé

2.) (15 pts.) Determine the value of the line integral

/Vf(r) . dr

(2)

using Vf(r) = zé, + y&, + 28, for the path ABCDEF shown below. The coordinates of
each point in the sequence ABCDEF are given as (z,y,2) in the figure. Hint: It may be
helpful to figure out what the function f(r) is.

energy £ about p = 0. Determine this expansion with terms up to order p* included.
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3.) (15 pts.) The function E = v/m%cT+ p?cZ is the relativistic total energy of a particle
of mass m and momentum p. Often pc << mc? and in such situations you may expand the

4.) (10 pts.) Determine the result of the expression
Vx(Vu)xr

where u = a - r with a being a constant vector.



5.) (15 pts.) Given a vector field v = —y8é, +2&,, determine the line integral in the z —y
plane [v - dr for the closed path ABCDEF A shown below. The coordinates are shown as
(z,y) for each point in the sequence ABCDEF.
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6.) In the following, V - v = ¢ is constant inside a sphere of radius R that has its center
at the origin. Outside the sphere V- v = 0.

a.) (5 pts.) Determine the surface integral [v - fidS for the surface of a cube with sides
of length 2R that is centered on the origin.

b.) (5 pts.) Determine the surface integral [v - AdS for the surface of a cube with sides
of length R that is centered on the origin.

c.) (10 pts.) What is the vector field (magnitude and direction) at a point that is a
distance r from the origin, where r > R.

7.) The electric field in an electromagnetic wave is described by E = Eycos(kz)sin(wt)é,
where Ey, k and w are constants.

a.) (5 pts.) Determine V - E for this wave.

b.) (5 pts.) Determine V x V x E.

c.) (5 pts.) The wave equation can be written as V x V x E + c%%% = 0. Use it to

determine the relation of wave number k to frequency w.
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