
Final Exam Name:
Math 202 F01 05/09/06

1. (10 pts.) A vector field F in R3 is given by

F (x, y, z) =

(
zyexz + ln(1 + y), exz +

x

1 + y
, xyexz + z

)

and a curve C is parameterized by

r(t) = (t, t2 − t, 1− t2), 0 ≤ t ≤ 1.

(a) Find all potential functions for F .

(b) Use your answer in part (a) to compute
∫

C
F · ds.

(c) What physical quantity might the integral in part (b) represent?
With your interpretation of the integral, what do F and C repre-
sent physically?



2. (10 pts.) Among the points (x, y) satisfying the constraint 3x2+y2 = 3,
find all those maximizing the function f(x, y) = x2 − y.

3. (10 pts.) Use Green’s Theorem to compute

∮

C

−yx2 dx + xy2 dy,

where C is the straight line from (−2, 0) to (2, 0), followed by the
semicircular arc around the origin from (2, 0) back to (−2, 0).
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4. (10 pts.) Give an equation for the plane containing the three points
(2, 1, 1), (1,−2, 1) and (1, 2, 2).

5. (10 pts.) Consider the surface formed by the part of the graph of
z = 8− 2x2 − 2y2 where z ≥ 0.

(a) Sketch a graph of the surface

(b) Give a parameterization of the surface.

(c) Give an integral to compute the area of the surface. You do not
need to fully evaluate the integral, provided that you leave it so
that all that remains to be done is the evaluation of an iterated
integral.
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6. (10 pts.) The inside of a yurt is shaped like the region between z = 0
and z = 10−

√
x2 + y2, with x2 + y2 ≤ 25, where x, y, z are measured

in meters. If the density of mosquitoes inside the yurt is given by
ρ(x, y, z) = 12z mosquitoes/m3, what is the total number of mosquitoes
inside the yurt?

7. (10 pts.) Give a linear approximation, valid for points near (−1, 1, 2),
to the function f(x, y, z) = 3x2 + 2yz2 − 5y − 2.
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8. (8 pts.) Let F (x, y, z) = (2xy, z − y2, x2 + y2 + z), and let S be a 2×
2×2 cube, centered at the origin, with edges parallel to the coordinate
axes. Compute the flux of F through S. (Hint: Use the Divergence
Theorem.)

9. (10 pts.) The electric potential in a certain region of space is given by
the function V (x, y, z) = 5x2 − yz.

(a) What is the rate of change of V at the point (1, 2, 2) in the direc-
tion given by the vector (−1,−1, 1)?

(b) At the point (1, 2, 2), what is the direction in which V increases
most rapidly?
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10. (12 pts. — 3 pts. each) Give short answers.

(a) What does it mean for a vector field F to be irrotational? (Indicate
both the mathematical condition F must satisfy, and the physical
meaning.)

(b) What is the geometric meaning of the length of the vector v×w?

(c) Stokes’ Theorem states that
∫∫

S
∇× F · dS =

∫
C

F · ds. What is
the relationship between S and C here? (Be sure you explain the
relationship of their orientations as part of your answer.)

(d) Give formulas expressing the rectangular coordinates x, y, z in
terms of spherical coordinates.
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