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VQUICK CHECK EXERCISES 14.2  (See page 1018 for answers.)

1. Supply the missing integrand and limits of integration.

5 py/2 o
(a) / [ 6x2ydxdy:/ _dy
1 J2 o
5 px/2 ]
(b) / [ 6x2ydydx=/ —  dx
1 J2 o

2. Let R be the triangular region in the xy-plane with vertices
(0,0), (3, 0), and (0, 4). Supply the missing portions of the

integrals.
(a) Treating R as a type I region,

o o
/ f(x,y)dA=/ / fe,y) —
o Jo

R

EXERCISE SET 14.2 [ Graphing Utility  [€] cas

(b) Treating R as a type 1I region,

o o
/ f(x,y)dA:/ / fy) —
o Jo

R

3. Let R be the triangular region in the xy-plane with vertices
(0,0), (3,3), and (0, 4). Expressed as an iterated double
integral, the area of R is A(R) =

4. The line y = 2 — x and the parabola y = x? intersect at the
points (—2,4) and (1, 1). If R is the region enclosed by
y =2 —xand y = x?, then

/ (14+2y)dA=________

R

1-8 Evaluate the iterated integral.

1 px 3/2 p3-y
1. / / xy2 dydx 2. / ydxdy
0 x2 1 y
3 59—y 1 B
3. / f ydxdy 4. / / \/idydx
0 Jo 1/4Jx2 VY

VI pxd y
5. / / sin = dydx 6.
vx  Jo <4

1 X _2 y?
7. / f yvx2—y2dydx 8. / / e dx dy
o Jo 1 Jo

(5}

FOCUS ON CONCEPTS

9. Let R be the region shown in the accompanying figure.
Fill in the missing limits of integration.

[m] [m]

@ /ff(x,y)dA=] f e, y)dydx
[m} [m}
N a o

(b) ]/ fx,y)dA =f f fx, y)dxdy
4 a a

10. Let R be the region shown in the accompanying figure.
Fill in the missing limits of integration.

m] [m]
@ f/f(x,y)dA=/ f G y)dydx
a a
- [m] [m]
®) //f(x,y)dA=] / T @iy
% [m} [m}
¥

y=2
R

A Figure Ex-9 A Figure Ex-10

11. Let R be the region shown in the accompanying figure.
Fill in the missing limits of integration.

2 (0
(@) //f(x,Y)dA =f / fx,y)dydx
£ 1 Jo
4 pO
+/ / f(x,y)dydx
2 Jo
5 0
+f / f(x,y)dydx
4 Jo
o O
o [[ranaa=[ [ reaxay
5 o Jo

12. Let R be the region shown in the accompanying figure.
Fill in the missing limits of integration.

a a

@ / / e y)dA = f / G, y)dydx
[m} m}
¢ m] o

(b) / f fe, 3y dA = / f fe,yydxdy
& a a

T3 6.3

@1 &1 &

A Figure Ex-11 A Figure Ex-12

13. Evaluate / / xydA, where R is the region in
R

(a) Exercise 9 (b) Exercise 11.



14. Evaluate / / (x 4+ y)dA, where R is the region in
R

(a) Exercise 10 (b) Exercise 12.

15-18 Evaluate the double integral in two ways using iterated
integrals: (a) viewing R as a type I region, and (b) viewing R as
a type Il region.

15. // x%dA; R is the region bounded by y = 16/x, y = x,
R
and x = 8.

16. // xy®dA; R is the region enclosed by y =1, y =2,
R
x =0,and y = x.

17. / / (3x — 2y) dA; R is the region enclosed by the circle
R
¥2+y?=1.

18. / / ydA; R is the region in the first quadrant enclosed
R

between the circle x> + y? = 25 and the line x + y = 5.

19-24 Evaluate the double integral.
19. // x(1+y)~2dA; R is the region in the first quadrant
R

enclosed by y = x2, y=4,and x = 0.

20. / / x cos ydA; R is the triangular region bounded by the
linesy =x,y=0,and x = 7.

21. // xy dA; Ristheregionenclosedby y = /x,y = 6 — x,
R
and y = 0.

22. // x dA; R is the region enclosed by y = sin™! x,
R

x=1/4/2,and y = 0.
23. / / (x — 1) dA; Ristheregion in the first quadrant enclosed
R

between y = x and y = x°.

24. / / x2 dA; R is the region in the first quadrant enclosed by
R
xy=1,y=x,and y = 2x.
25. Evaluate / / sin(y®) dA, where R is the region bounded
R

by y = /x,y =2,and x = 0. [Hint: Choose the order of
integration carefully.]

26. Evaluate / / xdA, where R is the region bounded by

R
x=Iny,x =0,and y = e.

M 27. (a) By hand or with the help of a graphing utility, make

a sketch of the region R enclosed between the curves
y=x+2andy =e".
(b) Estimate the intersections of the curves in part (a).

(c) Viewing R as a type I region, estimate x dA.

R
(d) Viewing R as a type II region, estimate / / x dA.
R

M 28. (a) By hand or with the help of a graphing utility, make

a sketch of the region R enclosed between the curves
y =4x3 —x*and y = 3 — 4x + 4x2.

(b) Find the intersections of the curves in part (a).

(c) Find // x dA.

R

29-32 Use double integration to find the area of the plane re-
gion enclosed by the given curves.

29. y=sinxand y = cosx, for0 <x < /4.
30. y> = —xand 3y — x = 4.
31. y>=9—xand y> =9 — 9x.

32. y =coshx, y =sinhx,x =0,and x = 1.

33-36 True-False Determine whether the statement is true or
false. Explain your answer.

1 2x 2x 1
33. / / f(x,y)dydx=/ / f(x,y)dxdy
0 x2 x2 0

34. If aregion R is bounded below by y = g;(x) and above by
y = ga(x) fora < x < b, then

b pregrx)
/f(x,ymA:f/ fE Sz
R a g1(x)

35. If R is the region in the xy-plane enclosed by y = x? and
y = 1, then

1 1
//f(x,y)dA:Z/ / f(x,y)dydx
0 Jx2

R

36. Theareaof aregion R in the xy-plane is given by / / xydA.
R

37-38 Use double integration to find the volume of the solid.




39-44 Use double integration to find the volume of each solid.

39. The solid bounded by the cylinder x> 4+ y? =9 and the
planes z =0and z = 3 — x.

40. The solid in the first octant bounded above by the paraboloid
z = x? 4+ 32, below by the plane z = 0, and laterally by
y=x?andy = x.

41. The solid bounded above by the paraboloid z = 9x* + y2,
below by the plane z = 0, and laterally by the planes x = 0,
y=0,x=3,andy=2.

42. The solid enclosed by y2=x,z=0,andx +z = 1.

43. The wedge cut from the cylinder 4x2 + y? = 9 by the planes
z=0andz=y+3.

44. The solid in the first octant bounded above by z = 9 — x2,
below by z = 0, and laterally by y* = 3x.

[c] 45-46 Use a double integral and a CAS to find the volume of

the solid.

45. The solid bounded above by the paraboloid z = 1 — x? — y?
and below by the xy-plane.

46. The solid in the first octant that is bounded by the paraboloid
z = x? + y?, the cylinder x?> 4+ y? = 4, and the coordinate
planes.

47-52 Express the integral as an equivalent integral with the
order of integration reversed.
2 pdx
47. / f(x,y)dydx / / f(x,y)dxdy
0
Inx
49. / / f(x,y)dxdy 50. / / f(x,y)dydx
51. / / f(x,y)dxdy 52. / / ' f(x,y)dxdy
0 Jsinly o Jy2

53-56 Evaluate the integral by first reversing the order of inte-

gration.
2 1
54. / / cos(x?) dx dy
o Jy/2

14
53./ / e dydx
0 Jax
4 2 5 3 Inx
55./ f e* dxdy 56. // xdydx
o Jyy 1 Jo

57. Try to evaluate the integral with a CAS using the stated order

of integration, and then by reversing the order of integration.

1 2
(a) / / sinmy® dydx
0 Jyx
1 pn/2
(b) / / sec?(cos x) dx dy
0 in~'y

58. Use the appropriate Wallis formula (see Exercise Set 7.3)
to find the volume of the solid enclosed between the circu-
lar paraboloid z = x* 4 y?, the right circular cylinder
x2+ y? = 4, and the xy-plane (see the accompanying figure
for cut view).

59. Evaluate / / xy? dA over the region R shown in the accom-

3
panying figure.

\ 2
\ ) ’

\ Z

N ==27 2

N ===

N ===

N ==z7 L

N ——— 1

N =

\ ==

\ ==27

== x
x = ¥y =2 1 1 2

A Figure Ex-58 A Figure Ex-59

60. Give a geometric argument to show that

[

61-62 The average value or mean value of a continuous func-
tion f(x, y) over aregion R in the xy-plane is defined as

\/l—x -y dxdy——

Jave = ——< A(R) /f(x y)dA

where A(R) is the area of the region R (compare to the definition
preceding Exercise 35 in Section 14.1). Use this definition in
these exercises.

61. Find the average value of 1/(1 4+ x?) over the triangular
region with vertices (0, 0), (1, 1), and (0, 1).

62. Find the average value of f(x, y) = x> — xy over the region

enclosed by y = x and y = 3x — x2.

63. Suppose that the temperature in degrees Celsius at a point
(x,y) on a flat metal plate is T (x, y) = Sxy + x2, where
x and y are in meters. Find the average temperature of the
diamond-shaped portion of the plate for which [2x + y| < 4
and [2x — y| < 4.

64. A circular lens of radius 2 inches has thickness 1 — (r2/4)
inches at all points r inches from the center of the lens. Find
the average thickness of the lens.

[€] 65. Use a CAS to approximate the intersections of the curves

y =sinx and y = x/2, and then approximate the volume
of the solid in the first octant that is below the surface

= /1 + x + y and above the region in the xy-plane that
is enclosed by the curves.

66. Writing Describe the steps you would follow to find the
limits of integration that express a double integral over a
nonrectangular region as an iterated double integral. Illus-
trate your discussion with an example.

67. Writing Describe the steps you would follow to reverse the
order of integration in an iterated double integral. Illustrate
your discussion with an example.



