m Exercises

1. Evaluate the integral in Example 1, integrating first with
respect to v, then z, and then x.

2. Evaluate the mtegral ﬂFg (xy + 2 1) dV, where
={xr|o=sx=20=y=10=z=3}
using three different orders of integration.

3-8 Evaluate the iterated integral.

3 I; j‘; J-U ’ (2x —y)dxdvdz & jel ij .[u 2xyzdzdydx
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1 J-:l: J-; }: cos(x + v + z) dz dx dy

8. J‘Dﬁ E j:;xi siny dy dz dx

5. f joh mee Ydvdx dz dx dz dy

9-18 Evaluate the tniple integral.
9. _fﬂg v dl, where
E= {(x,}gz] |o=x=3,
10. _fﬂg a*¥ d¥ where

={{x ¥, z)|0e-:ve-:l,yéx:él,0£z&-:x}
an
{2 | 1=

12. .[Ug sin v dF, where E lies below the plane z = x and above the
triangular region with vertices (0, 0, 0), (47, 0, 0), and (0, #, Q)

d¥V, where

y=4y=z=40=x=z

13. ﬂ_[,_, 6xy dV, where E hes under the planez = 1 + x + ¥
and above the region in the xy-plane bounded by the curves
v=yx.y=0adx=1

14. _[UE xy dV, where E 1s bounded by the parabolic cylinders
v=x'andx =) and theplanes z =Oandz =x + ¥

15. I_F_Frxz dV, where T 1s the solid tetrahedron with vertices
(0.0,0).(1,0,0), (0,1, 0), and (0. 0, 1)

16. ﬂfrxyz dV, where T 1s the solid tetrahedron with vertices
(0.0,0),(1,0,0), (1, 1,0), and (1, 0. 1)

17. JIF: x dV, where E 1s bounded by the paraboloid
x = 4y’ + 477 and the plane x = 4

18. _[F_FE zdV, where E is bounded by the cylinder v* + 22 =9
and the planes x = 0, y = 3x, and z = 0 n the first octant

19-22 Use a triple mtegral to find the volume of the given sohid.

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

20. The solid enclosed by the paraboloids y = x* + z? and
y=28-— xt =2

21. The solid enclosed by the cylinder ¥ = x? and the planes
z=0andy +:z=1

22. The solid enclosed by the cylinder x* + z7 = 4 and the
planesy = —landy + z =

23, (a) Express the volume of the wedge in the first octant that is
cut from the cylinder ¥* + z* = 1 by the planes v = x
and x = 1 as a triple integral.

(b) Use either the Table of Integrals (on Reference Pages
6-10) or a computer algebra system to find the exact
value of the triple integral in part (a).

24. (2) In the Midpoint Rule for triple integrals we use a triple
Riemann sum to approximate a triple integral over a box
B, where f(x, y, z) 1s evaluated at the center (X:. ¥;. Z:)
of the box Byi. Use the Midpoint Rule to estimate
{Ifz vx*+ * + 22 &V, where B is the cube defined by
0=x=4 0=y=4, 0=z=4 Dide B into eight
cubes of equal size.
(b) Use a computer algebra system to approximate the inte-
gral in part (a) correct to the nearest integer. Compare
with the answer to part (a).

25-26 Use the Midpoint Rule for triple integrals (Exercise 24) to
estimate the value of the mitegral. Divide B into eight sub-boxes
of equal size.
25. _[UR cos(xyz) 417 where

B = {(x. .

. [, e
B = {(x.y.

|0=x=1,

4V, where
D]|0=x=40=y=

27-28 Sketch the solid whose volume 15 given by the iterated
ntegral

1. J: J;l XL] hdy dz dx

29-32 Express the integral [[[; f{x, y. ) d7 as an iterated integral
in six different ways, where £ 1s the solid bounded by the given
surfaces.

29y =4 —x? — 47,

28, J:J: FJ: Y dx ds dy

y=20



m Exercises

1-2 Plot the point whose spherical coordinates are given. Then find
the rectangular coordinates of the point.

1. (a) (6, /3, =/6) (b) (3, w/2, 37/4)
2 (3) (2, w/2, w/2) (b) (4, — /4, @/3)

3-4 Change from rectangular to spherical coordinates.
3 () (0. 2,0 ®) (~1,1,-v2)
4 @ (1,0.v3) ®) (v3.-1.243)

5-6 Describe in words the surface whose equation is given.

5 =3 6. p=3

7-8 Identify the surface whose equation 1s given.

1. p = sinfsing 8. p’(sin’eh sin’@ + cos’d) = 9

9-10 Write the equation in spherical coordinates.
9, (a) 22 =xt 4t ) x*+zE=9
0. (a) x> - 2x+3p +z2=0 B) x+2y+3z=1

11-14 Sketch the solid described by the given inequalities.

N2=p=4 0=¢=qg/3, 0=0=qg

121=p=2 0=¢p=u/2, w/2=0=3a/2
1B.p=1, 3nfd=d=x

W p=2 p=cced

15. A solid lies above the cone z = /x? + »? and below the
sphere x? + y? + z? = z. Write a description of the solid in
terms of mequalities involving spherical coordinates.

16. (a) Find mequalities that describe a hollow ball with diameter

30 cm and thickness 0.5 cm. Explain how you have
positioned the coordinate system that you have chosen.



(b) Suppose the ball 15 cut in half. Write inequalities that
describe one of the halves.

17-18 Sketch the solid whose volume 1s given by the integral
and evaluate the integral.

1" _L"" jﬂ"lﬁ P sin ¢ dpdod

18. J‘:” 5:: f psin ¢ dpdep d6

19-20 Set up the triple integral of an arbitrary continuous function
flx, v, 2) in cylindrical or spherical coordinates over the solid
shown.

z

21-34 Use spherical coordinates.
21. Evaluate .[Ua (x* + y* + 2*)*dV, where B is the ball with

center the origin and radius 5.

22. Evaluate .[.UH (9 — x* — y*)dV, where H is the solid
hemisphere x? + y? + 22 =9,z = 0.

23. Evaluate _[UE (x* + y?) dV, where E lies between the spheres
¥y +t=4andx*+y*+ 21 =9

24. Evaluate .[Ux v dV, where E is the solid hemisphere
i+ =9 y=0

25. Evaluate [[f; xe* "' ¥ where E is the portion of the unit
ball x* + 3* + z° = 1 that lies in the first octant.

26. Evaluate .mx xyz dV, where E lies between the spheres
p =2 and p = 4 and above the cone ¢ = /3.

277 Find tha valuma af tha nart af tha hall o = & that liae hatuean

32. Let H be a solid henusphere of radius @ whose density at any
point is proportional to its distance from the center of the base.
(a) Find the mass of H.
(b) Find the center of mass of H.
(c) Find the moment of inertia of A about its axis.

33. (a) Find the centroid of a solid homogeneous hemisphere of
radius a.
(b) Find the moment of inertia of the solid in part (a) about a
diameter of its base,

34. Find the mass and center of mass of a solid hemisphere of
radius a if the density at any point 1s proportional to its
distance from the base.

35-38 Use cylindrical or spherical coordinates, whichever seems
more appropriate.

35. Find the volume and centroid of the solid E that lies
above the cone z = /x? + 1! and below the sphere
x* + yg + 2P =1

36. Find the volume of the smaller wedge cut from a sphere of
radius a by two planes that intersect along a diameter at an
angle of #/6.

37, Evaluate m} z dV, where E lies above the paraboloid

7 = x* + y* and below the plane z = 2y. Use either the
Table of Integrals (on Reference Pages 6-10) or a computer
algebra system to evaluate the integral.

38. (a) Find the volume enclosed by the torus p = sin ¢.

(b) Use a computer to draw the torus.

39-M Evaluate the integral by changing to spherical coordinates.
1 p T8 T

n [ [ﬂ xy dz dy

“f_[ﬂ {xz+}z+23)dzdxa}
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