
MA 230 Take Home Examination II April 9, 2003

1. (20 points) The following volume problem appeared in Marilyn Vos Savant’s April 20,
1996 column:

Start with a solid sphere of any radius greater than 6 inches. Bore a cylin-
drical hole through the center of the sphere so that what remains is exactly
6 inches high. (The center line of the cylinder should correspond to a diam-
eter of the sphere.) What is the volume of the solid that remains after the
cylindrical hole is removed?

Calculate this volume. Does it depend on the radius R of the original sphere?
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2. (20 points) Suppose the D is an elementary region in R3 that is symmetric with respect
to the yz-plane. In other words, a point (x, y, z) is in D if and only if the point (−x, y, z)
is in D. Using the Change of Variables Theorem, show that∫∫

D

∫
f(x, y, z) dV = 0

if f(x, y, z) is an odd function in x. (A function f : R3 → R is odd in x if f(−x, y, z) =
−f(x, y, z) for all (x, y, z) ∈ R3.)
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3. (20 points) The method of least squares approximation is described on page 246 of our
text. In this problem, we use notation that is discussed there.

(a) Consider the three data points (x1, y1) = (1, 1), (x2, y2) = (2, 3), and (x3, y3) =
(3, 2). Find the equation of the best straight-line fit according to the method of
least squares. Calculate the equation for the line directly. (In other words, don’t
use the result of Exercise 32 on page 247.) Give a rigorous justification of why
this line minimizes s.

(b) Solve Exercise 32 on page 247, and use the result to give explicit formulas for m
and b.

(c) Solve Exercise 34 on page 247.

(d) Use the method of least squares to find the line that best fits the points (0, 2),
(1, 4), (1, 3), (2, 6), and (3, 6). Plot the points and the line.
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4. (20 points) Rewrite the integral

∫ 1

0

∫ 1−x2

0

∫ 1−x

0
f(x, y, z) dz dy dx

as an equivalent iterated integral in the five other orders.
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5. (20 points) Suppose 0 < a < b. Let

Φ(u, v) = (b cosu+ a cos v cosu, b sinu+ a cos v sinu, a sin v).

(a) Show that Φ(u, v) parametrizes the torus that is obtained by rotating about the
z-axis the circle in the xz-plane with center (b, 0, 0) and radius a < b.

(b) Calculate the surface area of this torus.
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