
EXAM 3

Math 103, Fall 2004, Clark Bray.

You have 50 minutes.

No notes, no books, no calculators.

YOU MUST SHOW ALL WORK AND EXPLAIN ALL REASONING
TO RECEIVE CREDIT

Good luck!

Name

ID number

1. (/40 points)

2. (/30 points)

3. (/10 points)

4. (/20 points)

Total (/100 points)

“I have adhered to the Duke Community
Standard in completing this

examination.”

Signature:
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1. For each of the items below, write down (but do not evaluate) a single explicit triple
integral that could be evaluated directly to determine the quantity in question.

(a) The center of mass of the unit cube, with density given by δ(x, y, z) = x + y + z.

(b) The moment of inertia about the x-axis of the region defined by x2 +4y2 +9z2 ≤ 36,
where the density is given by δ(x, y, z) = z2. (For this question, use the differentials
in the order dy dz dx.)
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(c) The mass of the region bounded by the planes y = 0, y = x, x + y = 1, z = x + 2y,
and z = 0, with density given by δ(x, y, z) = ez. (Hint: For this question, there is
only one ordering of the differentials that will allow this to be represented by a single
integral.)
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(d) The volume of the region inside the sphere ρ = 2 and between the planes z = 1 and
z = −1. (For this question, you may choose any coordinate system EXCEPT for
rectangular.)
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2. For each of the items below, write (but do not evaluate) integrals satisfying the given
description that represent the same quantity as

∫ √
3/2

−√3/2

∫ √
3/4−x2

−
√

3/4−x2

∫ √
1−x2−y2

1−
√

1−x2−y2

f(x, y, z) dz dy dx

(Hint: The domain of the above integral is the intersection of two solid spheres, each with
radius 1, and with centers at (0, 0, 0) and (0, 0, 1).)

(a) In rectangular coordinates, with the differentials in the order dz dx dy.
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(b) In cylindrical coordinates, with the differentials in the order dr dθ dz. (You will have
to write this as the sum of two integrals.)
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(c) In spherical coordinates, with the differentials in the order dθ dφ dρ. (Hint: Recall
that the spherical equation of the sphere of radius 1 through the origin with center
on the z-axis is ρ = 2 cos φ.)
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3. The parallelopiped with one vertex at the origin defined by the three vectors

(a, b, c), (d, e, f), (g, h, i)

is the image of the unit cube by the function

f(u, v, w) = (au + dv + gw, bu + ev + hw, cu + fv + iw)

Use this information to compute the mass of the parallelopiped defined by the vectors

(2, 1, 0), (0, 1, 2), (−1, 0, 0)

with density given by δ(x, y, z) = z.
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4. Consider the torus parametrized by

x = (3 + 2 cos u) cos v

y = (3 + 2 cos u) sin v

z = 2 sin u

(a) Write down (but do not evaluate) an integral representing the surface area of this
torus. (Hint: If two vectors −→p and −→q are orthogonal, then ‖−→p ×−→q ‖ = ‖−→p ‖‖−→q ‖.)
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(b) Without computing the integral above or any other integral, determine the surface
area of the given torus.
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