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Problem 1: For each shaded region R below, write
∫
R f dA as an iterated integral in polar

coordinates.
(a) blank
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(d) This is another polar region: it is a piece of a ring in which r goes from 1 to 2. Since it is in the
second quadrant, θ goes from π/2 to π. The integral is

∫ π

π/2

∫ 2

1

f(r cos θ, r sin θ) r dr dθ.

Exercises and Problems for Section 16.4
Exercises

For the regions R in Exercises 1–4, write
∫

R
f dA as an iter-

ated integral in polar coordinates.
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In Exercises 5–8, choose rectangular or polar coordinates to

set up an iterated integral of an arbitrary function f(x, y) over

the region.
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Sketch the region of integration in Exercises 9–15.

9.

∫ 4

0

∫ π/2

−π/2

f(r, θ) r dθ dr

10.

∫ π

π/2

∫ 1

0

f(r, θ) r dr dθ

11.

∫ 2π

0

∫ 2

1

f(r, θ) r dr dθ

12.

∫ π/3

π/6

∫ 1

0

f(r, θ) r dr dθ

13.

∫ π/4

0

∫ 1/ cos θ

0

f(r, θ) r dr dθ

14.

∫ 4

3

∫ 3π/2

3π/4

f(r, θ) r dθ dr

15.

∫ π/2

π/4

∫ 2/ sin θ

0

f(r, θ) r dr dθ

Problems

In Exercises 16–18, evaluate the integral.

16.
∫

R

√
x2 + y2 dxdy where R is 4 ≤ x2 + y2 ≤ 9.

17.
∫

R
sin(x2 +y2) dA, where R is the disk of radius 2 cen-

tered at the origin.

18.
∫

R
(x2 − y2) dA, where R is the first quadrant region

between the circles of radius 1 and radius 2.

Convert the integrals in Problems 19–21 to polar coordinates

and evaluate.
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21.
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2

0
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y

xy dx dy

(b) blank

894 Chapter Sixteen INTEGRATING FUNCTIONS OF SEVERAL VARIABLES

(d) This is another polar region: it is a piece of a ring in which r goes from 1 to 2. Since it is in the
second quadrant, θ goes from π/2 to π. The integral is

∫ π

π/2

∫ 2

1

f(r cos θ, r sin θ) r dr dθ.

Exercises and Problems for Section 16.4
Exercises

For the regions R in Exercises 1–4, write
∫

R
f dA as an iter-

ated integral in polar coordinates.
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In Exercises 5–8, choose rectangular or polar coordinates to

set up an iterated integral of an arbitrary function f(x, y) over

the region.
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Sketch the region of integration in Exercises 9–15.

9.

∫ 4

0
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f(r, θ) r dθ dr

10.

∫ π
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∫ 1

0

f(r, θ) r dr dθ

11.

∫ 2π

0

∫ 2

1

f(r, θ) r dr dθ

12.

∫ π/3
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∫ 1
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13.
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14.
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15.

∫ π/2

π/4

∫ 2/ sin θ
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f(r, θ) r dr dθ

Problems

In Exercises 16–18, evaluate the integral.

16.
∫

R

√
x2 + y2 dxdy where R is 4 ≤ x2 + y2 ≤ 9.

17.
∫

R
sin(x2 +y2) dA, where R is the disk of radius 2 cen-

tered at the origin.

18.
∫

R
(x2 − y2) dA, where R is the first quadrant region

between the circles of radius 1 and radius 2.

Convert the integrals in Problems 19–21 to polar coordinates

and evaluate.

19.

∫ 0

−1

∫ √
1−x2

−
√

1−x2

x dy dx 20.

∫ √
6

0

∫ x

−x

dy dx

21.

∫ √
2

0

∫ √
4−y2

y

xy dx dy

(c) blank
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(d) This is another polar region: it is a piece of a ring in which r goes from 1 to 2. Since it is in the
second quadrant, θ goes from π/2 to π. The integral is

∫ π

π/2

∫ 2

1

f(r cos θ, r sin θ) r dr dθ.

Exercises and Problems for Section 16.4
Exercises

For the regions R in Exercises 1–4, write
∫

R
f dA as an iter-

ated integral in polar coordinates.
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In Exercises 5–8, choose rectangular or polar coordinates to

set up an iterated integral of an arbitrary function f(x, y) over

the region.
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Sketch the region of integration in Exercises 9–15.

9.
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f(r, θ) r dθ dr
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f(r, θ) r dr dθ

Problems

In Exercises 16–18, evaluate the integral.

16.
∫

R

√
x2 + y2 dxdy where R is 4 ≤ x2 + y2 ≤ 9.

17.
∫

R
sin(x2 +y2) dA, where R is the disk of radius 2 cen-

tered at the origin.

18.
∫

R
(x2 − y2) dA, where R is the first quadrant region

between the circles of radius 1 and radius 2.

Convert the integrals in Problems 19–21 to polar coordinates

and evaluate.
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(d) This is another polar region: it is a piece of a ring in which r goes from 1 to 2. Since it is in the
second quadrant, θ goes from π/2 to π. The integral is

∫ π

π/2

∫ 2

1

f(r cos θ, r sin θ) r dr dθ.

Exercises and Problems for Section 16.4
Exercises

For the regions R in Exercises 1–4, write
∫

R
f dA as an iter-

ated integral in polar coordinates.
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In Exercises 5–8, choose rectangular or polar coordinates to

set up an iterated integral of an arbitrary function f(x, y) over

the region.
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Sketch the region of integration in Exercises 9–15.
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∫ 4
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∫ 4

3
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15.
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∫ 2/ sin θ
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f(r, θ) r dr dθ

Problems

In Exercises 16–18, evaluate the integral.

16.
∫

R

√
x2 + y2 dxdy where R is 4 ≤ x2 + y2 ≤ 9.

17.
∫

R
sin(x2 +y2) dA, where R is the disk of radius 2 cen-

tered at the origin.

18.
∫

R
(x2 − y2) dA, where R is the first quadrant region

between the circles of radius 1 and radius 2.

Convert the integrals in Problems 19–21 to polar coordinates

and evaluate.
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Problem 2: For each part below, sketch the region of integration.

(a)
∫ 4

0

∫ π/2

−π/2
f(r, θ) r dθ dr

(b)
∫ π/4

0

∫ 1/ cos θ

0
f(r, θ) r dr dθ

(c)
∫ π/2

π/4

∫ 2/ sin θ

0
f(r, θ) r dr dθ
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Problem 3: Evaluate ∫
R

√
x2 + y2 dA

where R is 4 ≤ x2 + y2 ≤ 9.

Problem 4: Evaluate ∫
R

sin (x2 + y2) dA
where R is the disk of radius 2 centered at the origin.

Problem 5: Convert the iterated integral to polar coordinates and evaluate∫ 0

−1

∫ √1−x2

−
√

1−x2
x dy dx.


