
Math 2110Q (Spring 2016) Exam 2
Instructor: Michael Chou Date: 23 / 22 / 24

Name:

Instructions:

• All answers must be written clearly.

• You may use a calculator, but you must show all your work in order to receive credit.

• Be sure to erase or cross out any work that you do not want graded.

• If you need extra space, you may use the back sides of the exam pages (if you do, please write
me a note so that I know where to look).

• You must include all work to receive full credit.

Question: 1 2 3 4 5 6 7 8 Total

Points: 15 9 18 18 8 12 10 10 100

Score:



1. Evaluate

∫ π

0

∫ √π
√
y

1

2
y−

1
2 sin

(
9x2
)
dxdy by reversing the order of integration using the following

steps.

(a) (5)Sketch the region this integral is defined over.

(b) (5)Write the integral obtained by reversing the order of integration.

(c) (5)Evaluate the integral.
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2. (9)Use polar or cylindrical coordinates to set up an integral that is equal to the volume below the
paraboloid z = 18− 2x2 − 2y2 and above the xy-plane. [Do not evaluate the integral]
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3. Set up the following integrals but do not evaluate it.

(a) (9)Using rectangular coordinates, set up

∫ ∫ ∫
E
xdV where E is bounded by the parabolic

cylinders y = x2 and x = y2 and planes z = 0 and z = x+ y.

(b) (9)Using cylindrical coordinates, set up

∫ ∫ ∫
E

(x+ y + z) dV where E is the solid in the

first octant that lies under the paraboloid z = 4− x2 − y2.

Page 3 of 10

Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou


Michael Chou




4. Consider ∫ ∫ ∫
H
x
(
10− x2 − y2 − z2

)
dV,

where H =
{

(x, y, z) | x2 + y2 + z2 ≤ 36, z ≤ 0
}

(a) (9)Set up but do not evaluate this integral in rectangular coordinates.

(b) (9)Set up but do not evaluate this integral in spherical coordinates.
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5. (8)Using spherical coordinates, set up an integral that represents the volume of the solid that
lies above the cone φ = π

3 and below the sphere ρ = 4 cosφ. Sketch this region. [Do not
evaluate the integral]
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6. (12)Use the transformation x = 4u, y = 5v to evaluate the integral∫∫
R

x2

16
+
y2

25
dA

where R is the region bounded by the ellipse 25x2 + 16y2 = 400.
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7. (10)Find the local maximum and minimum values and saddle points of the function

f(x, y) = xy − x2y − xy2.
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8. (10)Use Lagrange multipliers to find the extreme values of f(x, y) = 8x2 − 2y subject to the
constraint x2 + y2 = 1.
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Bonus Problem 1:
Who’s Theorem allows us to interchange the order of integration over rectangular domains?

Bonus Problem 2:1

• Show via the Jacobian why for spherical coordinates dV = ρ2 sinφdρ dθ dφ.

1You must justify every step to receive credit.
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Equations:

• D = fxxfyy − f2xy
• m =

∫∫
D ρ(x, y)dA

• Center of mass (x̄, ȳ) given by:

– x̄ = 1
m

∫∫
D xρ(x, y)dA

– ȳ = 1
m

∫∫
D yρ(x, y)dA

• Polar Coordinates:

– x = r cos θ

– y = r sin θ

– r2 = x2 + y2

– θ = arctan y
x

– dA = r dr dθ

• Cylindrical Coordinates:

– x = r cos θ

– y = r sin θ

– z = z

– r2 = x2 + y2

– θ = arctan y
x

– dV = r dr dθ dz

• Spherical Coordinates:

– x = ρ sinφ cos θ

– y = ρ sinφ sin θ

– z = ρ cosφ

– ρ2 = x2 + y2 + z2

– dV = ρ2 sinφdρ dθ dφ

• Jacobian for two variables:∣∣∣∣∂(x, y)

∂(u, v)

∣∣∣∣ =

∣∣∣∣∂x∂u ∂x
∂v

∂y
∂u

∂y
∂v

∣∣∣∣ =
∂x

∂u

∂y

∂v
− ∂x

∂v

∂y

∂u

•
∫∫
R f(x, y)dA =

∫∫
S f(x(u, v), y(u, v))

∣∣∣∣∂(x, y)

∂(u, v)

∣∣∣∣ du dv
• Trigonometric Identities:

– sin2 θ + cos2 θ = 1

– cos2(x) = 1+cos(2x)
2

– sin2(x) = 1−cos(2x)
2
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