
Answers to the Fall 2000 Final Exam.
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(c) (2, 1, 2) · (x− 1, y, z − 1) = 0
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11 Solution: div ~F = 2 + ez

∫∫∫
T

(div ~F ) dV =

∫∫∫
T

(2 + ez)dV =

∫∫
R

∫ 4−r2

0

(2 + ez)dzdA

= ... =

∫ 2π

0

∫ 2

0

(8− 2r2 + e4−r2 − 1)rdrdθ = ... = 11π + πe4.

Let S1 be the top parabaloid and S2 be the bottom plane. Then,

∫∫
S1

~F · ~n dS =

∫∫
R

(x(2x) + y(2y) + ez)dxdy =

∫ 2π

0

∫ 2

0

(2r2 + e4−r2

)rdrdθ

= ... = 15π + πe4.

∫∫
S2

~F · ~n dS =

∫∫
S2

(−ez)dS =

∫∫
S2

(−1)dS = −area(S2) = −4π.

Thus the total outward flux is 15π + πe4 + (−4π) = 11π + πe4.

Note that on the above two surface integrals you can plug in what z is on the surface. For
example, on S1, z = 4− x2 − y2; and on S2, z = 0.


