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Then, if the density is p(X, Y, z) = p, the mass is
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Because of the symmetry of E and p about the Xz-plane, we can immediately say
that My, = 0 and, therefore, y = 0. The other moments are
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Therefore, the center of mass is

_ My, M, M
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1. Evaluate the integral in Example 1, integrating first with 3-6 m Evaluate the iterated integral.
respect to z, then X, and then y. 1 ) .
z [X+z X [y
2. Evaluate the integral [[[_ (xz — y?) dV, where 3. fo J;) fo 6xz dy dx d- 4 jo Jx fo 2xyz dz dy o
0 Jo Jo

E={xy2|-l<x<1,0<y<20<:<I} 5. J“J"jv@zededzdy 6. jo‘jgj'uyze*vzdxdydz

using three different orders of integration. . . . . . . .



7-14 m Evaluate the triple integral.
7. [[.2xdV, where
E={(xy2|0<y<2 0sx<,4—-y, 0<:<y]}

8. U.E yz cos(x’) dV, where
E={xy.2]0sx<10<sysx xsz=<2x

9. [[f 6xy dV, where E lies under the plane z = 1 + X +y
and above the region in the Xy-plane bounded by the curves
y=\/;<,y:0,andx: 1

10. ([f.xz dV, where E is the solid tetrahedron with vertices
(0,0,0), (0,1,0), (1, 1,0), and (0, 1, 1)

1. {[fzdV, where E is bounded by the planes x = 0,y = 0,
z=0,y+z=1l,andx+z=1

12. [ffc (x + 2y) dV, where E is bounded by the parabolic
cylinder y = x? and the planes X =z, X =Yy, andz = 0

13. [[f. xdV, where E is bounded by the paraboloid
X = 4y? + 4z? and the plane X = 4

14. [[|.z dV, where E is bounded by the cylinder y* + z*> = 9
and the planes X = 0, y = 3X, and z = 0 in the first octant

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

15. The tetrahedron enclosed by the coordinate planes and the
plane2x +y +z=4

16. The solid bounded by the elliptic cylinder 4x* + z? = 4 and
the planesy =0andy =z + 2

17. The solid bounded by the cylinder X = y?* and the planes
z=0andx+z=1

18. The solid enclosed by the paraboloids z = x> + y* and
z=18 —x*—y?

19. (a) Express the volume of the wedge in the first octant that
is cut from the cylinder y* + z? = 1 by the planes
y = Xand X = 1 as a triple integral.
(b) Use either the Table of Integrals (on the back Reference
Pages) or a computer algebra system to find the exact
value of the triple integral in part (a).

20. (a) In the Midpoint Rulefor tripleintegrals we use a
triple Riemann sum to approximate a triple integral
over a box B, where f(X, Yy, z) is evaluated at the center
(X, i, z«) of the box Bjjk. Use the Midpoint Rule to
estimate (], e V"7’ dV, where B is the cube defined
by0=x=<1, 0=<y=1, 0=<:z=<1.Divide B into
eight cubes of equal size.

(b) Use a computer algebra system to approximate the inte-
gral in part (a) correct to two decimal places. Compare
with the answer to part (a).
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21-22 m Use the Midpoint Rule for triple integrals (Exer-
cise 20) to estimate the value of the integral. Divide B into
eight sub-boxes of equal size.

1
D Mot v xty+2)
B={xy,2|0sx<4 0<ys<8 0sz<4}

dV, where

22. |[f; sin(xy’z*) dV, where
B={(xy,2)|0<x<40<y<2 0<:z<1}

23-24 m Sketch the solid whose volume is given by the iterated
integral.

23. JO‘ fo"* f:_zzdy dz dx

2. f; J:’y f:’yldx dz dy

25-28 m Express the integral [[_ f(X,y, z) dV as an iterated
integral in six different ways, where E is the solid bounded by
the given surfaces.

25. x> +z2=4, y=0, y=6
26. z =0,
27. z =0,

x=0, y=2, z=y—2X
z=y, X)*=1-y

28. Ox* + 4y* + 2 =1

29. The figure shows the region of integration for the integral

fol Jlr foliy f(x,y, z) dz dy dx

NES

Rewrite this integral as an equivalent iterated integral in the
five other orders.
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30. The figure shows the region of integration for the integral computer algebra system to find the exact values of the
following quantities for E.
[ oy dydz ax (x) The mass

(b) The center of mass

. .. . . . . (c) The moment of inertia about the z-axis
Rewrite this integral as an equivalent iterated integral in the

five other orders. (S| 40. If E is the solid of Exercise 14 with density function

p(X, Yy, z) = x* + y? find the following quantities, correct
to three decimal places.

(a) The mass

(b) The center of mass

(c) The moment of inertia about the z-axis

41. Find the moments of inertia for a cube of constant density kK
and side length L if one vertex is located at the origin and
three edges lie along the coordinate axes.

42. Find the moments of inertia for a rectangular brick with
dimensions a, b, and ¢, mass M, and constant density if the
center of the brick is situated at the origin and the edges are
parallel to the coordinate axes.

43. The joint density function for random variables X, Y, and Z
isf(X,y,2) =Cxyzif 0= x<2, 0sy<2 0s:z<2,
and f(X,Y, z) = 0 otherwise.

(a) Find the value of the constant C.

31-32 m Write five other iterated integrals that are equal to the
given iterated integral.

11y
3. |, L [ f0xy.2) d dxay (b) Find PX < 1,Y= 1,Z < 1).
(¢) FindPX+ Y+ Z<1).
32. f(: f( ]x— foy f(x Y, z) dz dy dx 44. Suppose X, Y, and Z are random variables with joint density

function f(X,y, z) = Ce O W01 if x = 0,y =0,z = 0,
and f(X,y, z) = 0 otherwise.

(a) Find the value of the constant C.

(b) Find PX<1,Y=<1).

() FindPX<1,Y<1,Z<1).

33-36 m Find the mass and center of mass of the given solid E
with the given density function p.

33. Eis the solid of Exercise 9; p(X,Y,2) =2
45-46 m The average value of a function f(X,y, z) over a solid
34. E is bounded by the parabolic cylinder z = 1 — y* and the region E is defined to be

planes X + z=1,x=0,andz = 0; p(X,y,z) =4

1
35. Eisthecube givenby0 < x<a, 0<y=<a 0<:z=<g fuve = V(E) jﬂf(x,y,z)dv
p(Xy,z) =x>+ y* + 22 E
where V(E) is the volume of E. For instance, if p is a density

36. E is the tetrahedron bounded by the planes x = 0,y = 0, function, then pu. is the average density of E.

z=0,Xx+y+z=1;, p(XVy,2)=y
45. Find the average value of the function f(X, Y, z) = Xyz over
the cube with side length L that lies in the first octant with

37-38 m Set up, but do not evaluate, integral expressions for one vertex at the origin and edges parallel to the coordinate
(a) the mass, (b) the center of mass, and (c¢) the moment of iner- axes.
tia about the z-axis. 46. Find the average value of the function

37. The solid of Exercise 13; p(X,Y,z) = x> + y> + 22 f(X,y,z) = X+ y + z over the tetrahedron with vertices

(0,0,0),(1,0,0), (0, 1,0), and (0, 0, 1).
38. The hemisphere x> + y> + 22 < 1, z = 0; . . . . . . . .

pixy.2) = VI Ty 2

47. Find the region E for which the triple integral

39. Let E be the solid in the first octant bounded by the cylinder ﬂ (1 =x*—=2y*=3z°)dv
Xx? + y* = 1 and the planes y = z, X = 0, and z = 0 with E
the density function p(X,y,z) =1 + X +y + z. Use a is a maximum.



