
Math 219: Exam 2

3/21/24

This exam contains 9 pages (including this cover page) and 6 questions.

Name:

By signing below, you agree to uphold the Duke Community Standard.

Signature:

General Rules

• You must show all your work and explain all your reasoning to receive credit. Clarity will be
considered when grading.

• No notes, no books, no calculators.

• All answers must be reasonably simplified.

Writing Rules

• Indicate final answers by underlining or boxing them.

• Do not remove the staple, tear pages out of the staple, or tamper with the exam packet in
any way. Do not write anything near the staple – this may be cut off.

• Please use black pen.

• Work for a given question can be done only be on the front or back of the page the question
is written on. There are three blank pages at the end of the packet.
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1. (10 points) Let a, b > 0. Find the arc length of the curve parameterized by (a cos t, a sin t, bt)
for t ∈ [0, 2].
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2. (10 points) For each of the following vector fields, determine whether or not the vector field is
a gradient field. If it is a gradient field, find the potential function.

(a) (5 points) F (x, y, z) = (zx2, xy, z sinx)

(b) (5 points) F (x, y, z) = (y3ex + 2xz, 3y2ex, x2)
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3. (20 points) Evaluate the following integrals.

(a) (10 points) ∫ √
π

0

∫ √
π

y

sin(x2)dxdy.

(b) (10 points) Let D be the the unit disk centered at the origin in the xy plane: D =
{(x, y) |x2 + y2 ≤ 1}, ∫

D

xy4ey
2 cosxdA.
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4. (20 points) Let D be the region in the first quadrant lying between the hyperbolas xy = 1 and
xy = 2 and the lines y = x and y = 4x. Evaluate∫

D

x2y3dA.

Hint: set x = u/v, y = uv.
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5. (20 points) Let 0 < a < b. Let D be the region in the first octant between the spheres
x2 + y2 + z2 = a2 and x2 + y2 + z2 = b2. Evaluate∫

D

(x+ y + z)dV.
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6. (20 points) We define a region D in R3 as follows. Let 0 < a < b. Take the disk in the xz plane
of radius a centered at the point (b, 0, 0) and rotate it around the z axis. Let D be defined as
the resulting solid of revolution.

(a) (10 points) Set up, but do not evaluate, a multiple integral for the volume of D.

(b) (10 points) Find the volume of D.
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Scratch. Nothing on this page will be graded.
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Scratch. Nothing on this page will be graded.
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