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VQUICK CHECK EXERCISES 14.5

(See page 1048 for answers.)

1. The iterated integral

5 4 6
] / / fx,y,2)dxdzdy
1 2 3

integrates f over the rectangular box defined by

<x< <y<

=z =

2. Let G be the solid in the first octant bounded below by the
surface z = y + x? and bounded above by the plane z = 4.
Supply the missing limits of integration.

EXERCISE SET 14. [€] cas

O 0O p4
@ ///f(x,y,z)dA =/ _/ flx,y,z)dzdxdy
G O JO Jy+x?
o 0 4
® ///f(x’y’“d" =/ f / f(x, y,2)dzdydx
G 0 Jo Jy+a?
o .0 O
i ///f(x,y,z)dA=/ / f f(x,y,2)dydzdx
G o Jo Jo

3. The volume of the solid G in Quick Check Exercise 2 is

. o .
1-8 Evaluat¢ the iterated integral.

1 2 1
/l.f / /(x2+y2+z2)dxdydz
-1J0 JO

1/2 pm 1
2. xsinxydzdydx
2 esedcas
2 yl 4
/3// /yzdxdzdy
0o J-1 J-1
/4 1 x2
|/4'f f / xcosydzdxdy
0 o Jo

3 V922 x
/5. / f / xydydxdz
o Jo 0

3 px? Inz
,/ fo / xe¥ dydzdx
1 x 0

/ 2 pVA=RT p3-x?—y?
7. / / / xdzdydx
o Jo -~

S5+x24 ),2

l/ 2 p2 By y
8. dxdydz
[ ./ A N




9-12 Evaluate the triple integral. 20. Let G be the solid enclosed by the surfaces in the accom-
panying figure. Fill in the missing limits of integration.

/ 9. [ / / xysin yzdV, where G is the rectangular box defined
G () /// flx,y,2)dV

by the inequalities 0 < x < 7,0 <y < 1,0 <z < /6. G o pO0 pO
=/ / f f(x,y,z2)dzdydx
/ 10. / / / ydV, where G is the solid enclosed by the plane o Jo Jo
G (b) f/f fx,y,2)dV
z =y, the xy-plane, and the parabolic cylinder y = 1 — x2. p O .o .0
/ 11. [// xyzdV, where G is the solid in the first octant that = L /‘;‘ /\:1 f(x,y,2)dzdxdy
G

is bounded by the parabolic cylinder z = 2 — x? and the
planes z =0,y = x,and y = 0.

12. f / f cos(z/y) dV, where G is the solid defined by the in-
G
equalities 7/6 < y < m/2,y <x <n/2,0 <z < xy.
[€] 13. Use the numerical triple integral operation of a CAS to

approximate
vV + 22
—dV
y
G

where G is the rectangular box defined by the inequalities
0<x=<31<y=<2-2<z=<L

[€] 14. Use the numerical triple integral operation of a CAS to & Figure Ex-19 & Figure Ex-20
approximate g 21-24 Set up (but do not evaluate) an iterated triple inte-
& ' ay gral for the volume of the solid enclosed between the given
surfaces.
where G is the spherical region x* 4+ y* + 2> < 1. 21. The surfaces in Exercise 19.

22. The surfaces in Exercise 20.

. . 23. The elliptic cylinder x? + 9y = 9 and the planes z = 0
15. The solid in the first octant bounded by the coordinate planes andz = x + 3.

and the plane 3x + 6y + 4z = 12.
/ 16. The solid bounded by the surface z = ,/y and the planes

15-18 Use a triple integral to find the volume of the solid.

24. The cylinders x> + y?> = 1 and x> + 2> = 1.

x+y=1x=0,andz =0. 25-26 In each part, sketch the solid whose volume is given
/ 17. The solid bounded by the surface y = x? and the planes by the integral.
y+z=4andz=0. 1o pvi=x® eyt
25. (a) dzdydx
18. The wedge in the first octant that is cut from the solid cylin- —1J-vi=xz Jo
der y? + z? < 1 by the planes y = x and x = 0. 9 py/3 pa/y?-9a7
(b) / / / dzdxdy
o Jo 0

(©) // / dydzdx
o Jo 0

19. Let G be the solid enclosed by the surfaces in the accom-
panying figure. Fill in the missing limits of integration. 3 19 p2
26. (a) f f / dzdydx
(a) ///f(x,y,z)dv o Jx2 Jo

2 p2—-y p2—x—y
o & M B o [ [ daray
=/ f / f(x,y,2)dzdydx 02y 2
b JoJo (c)// /dxdzdy
o [[f rey.av 2Jo o
G

= 27-30 True-False Determine whether the statement is true or
= f(x,y,z)dzdxdy .
o Jo Jo false. Explain your answer.



27. If G is the rectangular solid that is defined by 1 < x < 3,
2<y<5,—-1<z<l,andif f(x,y,z) is continuous on
G, then

3 el s
/://f(X,y,Z)dV=//ff(x,y,z)dydzdx
1 Ja1)2
G

28. If G is a simple xy-solid and f(x, y, z) is continuous on G,
then the triple integral of f over G can be expressed as an
iterated integral whose outermost integration is performed
with respect to z.

29. If G is the portion of the unit ball in the first octant, then

1 1 N 1-x2—y?
/f/f(x,y,z)dv =f / / f(x,y,2)dzdydx
0 0 0
G

30. If G is a simple xy-solid and

volume of G = /// f(x,y,2)dV
G

then f(x, y,z) = 1 atevery pointin G.

31. Let G be the rectangular box defined by the inequalities
a<x<b,c<y<d,k<z<I Show that

// f)g(»h(z)dV

=[] sos][ [ was]

32. Use the result of Exercise 31 to evaluate
(a) f/f xy*sinzdV, where G is the set of points satisfy-

ing—-1<x<1,0<y<10<z<n/2

(b) f / / e Y=2 4V, where G is the set of points satisfy-
G
ing0<x<1,0<y<In3,0<z<In2.

33-36 The average value or mean value of a continuous func-
tion f(x, y, z) over asolid G is defined as

1
fve = %/f Fxy.2)dV
G

where V (G) is the volume of the solid G (compare to the defini-
tion preceding Exercise 61 of Section 14.2). Use this definition
in these exercises.

33. Find the average value of f(x,y,z) = x + y + z over the
tetrahedron shown in the accompanying figure.

< Figure Ex-33

34. Find the average value of f(x, y, z) = xyz over the spheri-
cal region x> + y2 + 722 < 1.

[€] 35. Use the numerical triple integral operation of a CAS to ap-

proximate the average distance from the origin to a point in
the solid of Example 4.

|E| 36. Let d(x, y, z) be the distance from the point (z, z, z) to

the point (x, y, 0). Use the numerical triple integral op-
eration of a CAS to approximate the average value of d
forO0<x<1,0<y<1,and 0 <z < 1. Write a short
explanation as to why this value may be considered to be
the average distance between a point on the diagonal from
(0,0,0) to (1, 1, 1) and a point on the face in the xy-plane
for the unitcube0 <x < 1,0 <y <l,and0 <z < 1.

37. Let G be the tetrahedron in the first octant bounded by the
coordinate planes and the plane

X y Z
—+=+4+==1 (@>0,b>0,c>0)
a b ¢

(a) List six different iterated integrals that represent the
volume of G.
(b) Evaluate any one of the six to show that the volume of

Gis Labc.
38. Use a triple integral to derive the formula for the volume of
the ellipsoid 2 2 5

FOCUS ON CONCEPTS

39-40 Express each integral as an equivalent integral in
which the z-integration is performed first, the y-integration
second, and the x-integration last.

5 2 pafAmy?
39. (a) / / / f(x,y,z)dxdydz
o Jo Jo

9 p3—Jx pz
) / f / fx, 3, D dydzdx
0 0 0
T
(c) / f / f(x,y,2)dxdzdy
0 Jy 0

f(x,y,2)dxdydz

41. Writing The following initial steps can be used to express
a triple integral over a solid G as an iterated triple integral:
First project G onto one of the coordinate planes to obtain a
region R, and then project R onto one of the coordinate axes.
Describe how you would use these steps to find the limits
of integration. Illustrate your discussion with an example.



