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Math 2163
Jeff Mermin’s section, Test 3, November 19

On the essay questions (# 2–6) write legibly in complete sentences, in such a
way that I can easily tell what you are doing and why.

You may or may not find the integral tables on the following page helpful.



Test 3, Page 2 Name:



Test 3, Page 3 Name:

1. (15 points)Indicate whether the following statements are true or false.
(“True” means “Always true”, “false” means “sometimes false”.) No jus-
tification is necessary on this problem. Write the entire word “True”
or “False”. Illegible or abbreviated answers will receive no credit.

In the statements below, t is a parameter, x, y, and z are the usual rectan-
gular coordinates, r and θ are the usual polar coordinates, f = f(x, y) =
f(r cos θ, r sin θ) is a smooth function on R2, r(t) = 〈xr(t), yr(t), zr(t)〉 and
s(t) = 〈xs(t), ys(t), zs(t)〉 are smooth paths in R3, and R is a simple region
in R2.

(a)
d

dt
(r× s) =

dr

dt
× ds

dt
.

(b)

∫∫
R

f dxdy =

∫∫
R

f drdθ.

(c)

∫ x=1

x=0

∫ y=x

y=0

f dydx =

∫ y=1

y=0

∫ x=y

x=0

f dydx.

(d) The angle between two planes is equal to the angle between their
normal vectors.

(e) If f(x, y) ≥ 0 for all (x, y) ∈ R, then

∫∫
R

fdA ≥ 0.



Test 3, Page 4 Name:

2. (30 points) Evaluate the integrals.

(a)

∫ x=π

x=0

∫ y=π
2

y=−π
2

x cos y dydx

(b)

∫ y=2

y=1

∫ x=y2

x=y

dxdy



Test 3, Page 5 Name:

3. (30 points) Consider the integral I =

∫ y=2

y=0

∫ x=y3

x=0

dxdy

y4 + 1
.

(a) Reverse the order of integration.

(b) Evaluate I, using whichever order seems most appropriate.
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4. (15 points) The integral

∫ x=6

x=0

∫ y=3

y=0

e−(x
2+y2)dydx cannot be evaluated

algebraically.

Approximate it using a Riemann sum with at least six summands. Leave
your answer as a Riemann sum. Explain your work well enough that
a reader could easily tell where everything is coming from.

5. (60 points) Express each of the following as an iterated integral in an
appropriate coordinate system. If you use coordinates other than rect-
angular, polar, cylindrical, or spherical, you must define them. Do not
evaluate.

(a) The volume of the region bounded by the equations x = 1, x = 2,
x = z, xy = 1, xy = −1, and z = 0.
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(b) The mass of the solid bounded by the equations xy = 1, xy = 9,

y = x, and y = 4x, if its density at (x, y) is

√
y

x
−√xy.

(c)

∫∫∫
R

(x2 + y2)dV , where R is defined by the inequalities x ≥ 0,

x2 + y2 ≤ 1, and −x ≤ z ≤ x.
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6. (Extra credit: 20 points) Consider the family of problems of the form

“Find

∫∫
D

f(x, y)dA, where D is the region in the first quadrant satisfying

9 ≤ x2 + y2 ≤ 25.”

(a) Several members of the class have discovered that they can sometimes
get numerically correct answers by entering the (incorrect) iterated

integral

∫ x=5

x=0

∫ y=
√
25−x2

y=
√
9−x2

f(x, y)dydx into a computer algebra sys-

tem.

The output is a complex number a + bi (where i is the square root
of −1). Ignoring the imaginary part and entering a into WebAssign
gets marked correct.

Explain why this sometimes works. (That is, what features of D, the
specific functions f in our WebAssign problems, and/or computer
algebra systems cause the right answer to appear in this way?)

(b) Use the fact that eit = cos t+ i sin t to compute

∫
ex cosx dx with-

out using the tables or integration by parts.


