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INSTRUCTIONS: Computers, calculators, books, notes, flying monkeys, etc. are not permitted.
Some (possibly) useful formulae are attached. Write your name, your instructor’s name, and the
color of your exam sheet on the front of your bluebook. Work all problems. Start each problem
on a new page. Show your work clearly, label your axes, and your final answer.
A correct answer with incorrect or no supporting work may receive no credit, while an incorrect
answer with relevant work may receive partial credit.

1. (20 points) Consider the function f(z,y) = 4zy on the closed region R = {(z,y) : x*>+y* < 8}

(a) Sketch R, label the intercepts.
(b) Find all absolute extrema of f(x,y) on R.

(¢) On your sketch of R, show the locations of the absolute extrema and clearly label them
as maximum or minimum.

2. (20 points) Consider the region bounded by 2 = y? and x = 1 with a density of d(z,y) =
3
Yo+ x+ 2.

(a) Sketch the region in question.

(b) Your region should be symmetrical with respect to the z-axis. However, the center of

mass is not located on the z-axis, but rather at the point (S—I, 2). Explain how this is

possible.

(c) Set up BUT DO NOT EVALUATE the double integral to find the moment of inertia
about the y-axis.

(d) Set up BUT DO NOT EVALUATE the equivalent integral as the one in (c¢) with the
order of integration reversed.
3. (15 points) Suppose the elevation on a hill is given by f(z,y) = 100 — y? — 422
(a) Sketch what a road would look like (when viewed from above) if it was to be built on
the hill at a constant elevation of 92 feet.
(b) In which (horizontal) direction will the rain run off at the point (1,2)?

(c) Sketch the direction you found in (b), on your sketch in (a), and explain how it relates
to the shape of the road. (Note that (1,2) is at an elevation of 92 feet and is, therefore,
on the road.)

4. (15 points) Convert the following integral to cylindrical coordinates BUT DO NOT EVALU-

ATE it:
2 pV4—22 4 3
/ / / (y? + 2%)2 de dy dz
—2J /422 Jy24 22

[Hint: do not use the standard cylindrical coordinates; rather, treat = as the vertical coordi-
nate and y, z as the horizontal coordinates (the conversions are just the same, but renamed).]

— OVER —
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5. (20 points) Use a coordinate system other than rectangular to set up BUT NOT EVALUATE
the integral(s) for finding the volume of the solid given by the region below z2 + 32 + 2% = 4z

and above 2z = /22 + y2.
2

6. (10 points) Find the area of the ellipse 2% + yz = 1 by using the transformation x = r cos(6),
y = 2rsin(6).

7. (2 points, EXTRA CREDIT) In hono(u)r of the recent holiday, which of the following phrases
comes from the Declaration of Independence? (For extra extra credit, source all quotes — no
partial credit!)

(a) The land of the free and the home of the brave
(b) With liberty and justice for all
(c) We the people of the United States
(d) We hold these truths to be self-evident
)
)

e) Government of the people, by the people, for the people

(
(

f) You have to let it all go ... fear, doubt, and disbelief. Free your mind.

— Useful and interesting formulae —
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x = rcos(f) r = psin(¢) x = psin(¢)cos(0)
y = rsin(f) z = pcos(e) y = psin(¢)sin(0)
z = z 6 = 0 z = pcos(p)

a? +y? + 22 = p? 2% +y* =1 = pPsin’(¢)
dV = dxdydz = rdr df dz = p?sin(¢) dp do db
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