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= %ful z* cos(x”)dx = 2|1 sin{:;rﬁ}]ﬂ = Z(sinl —sin0) = L sin1

10. Here E 1s the region m the first octant that lies below the plane 2= 4 2y + » = 4 (and above the region m the xy-plane
bounded by the lines z =0,y =0, x +y = 2). So
[z vdV = fﬂz f:_: f:_h_zy ydzdydz = f: qu—z y(4 — 2x — 2y)dydxr = fﬂz f:_:(iy — 2zy — 2¢%) dy dzx
= fﬂz [2y2 . — %ys] ::E_z dr = qu [2(2 - 9:}2 —x(2— ;:::}2 - %(2 — :r:}3] dr
=[l[2-2)2-2?-22-2)]dz=1 [ (2—2)de

=3[ =010 =4

14. E is the solid above the region shown in the zy-plane and below the plane

z = . Thus,

JJJe (= +2y) dl'=f;f:; Jo (& +2y)dzdydz

= [ J2 &+ 22) dyde = [ [Py + o’y 2L da

= Jf; (22° —z* —2°)de = [%9:4 I %3:5 — lxﬁ]; ==

20. The paraboloid = = y* + = intersects the plane = — 16 in the circle y* + 2* = 16, =z = 16.
Thus, E = {(z,y,2) | ¥* + 22 <z < 16,3* +2* < 16} z
Let D = {(y. z) | y* + z* < 16}. Then using polar coordinates
y = rcosf and z = rsin #, we have
V= [l ([, dz) dA = [f,(16 — (o + %) dA

= [ [} (16 —r?)rdrde = [7™ db [} (16r — ) dr

=817 [8r2 — 1r*], = 27(128 — 64) = 128
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The diagrams show the projections of E on the xy-, yz-, and zz-planes. Therefore
2 -
f;f:q ful Y f(x,y, z)drdydr = fulfuy fnl_!" flr,y, z)dzdrdy = ful 01_“_]'03" fle,y, z)drdydz
- 2 —/x pl—z
= fulfnl yﬁ? flz.y,z)drdedy = fulfnl ""'_f:ﬁ flz, v, z)dydzdx

1 p(1—2)? pl—=z
=Jr0 uf )Lf; flz, y, z)dydedz

3B.m= ful..rul_: Ul_z—ifydz dy dx = Jrul n'l—x [(1 —z)y — yz] dy dx
[ 30— 30— de =} [ - o) de =

My: = f;ﬁ:_mﬁ, TEF Y pydadydr = f; 01_2 [(J: — 2%y — :r:yz] dy dzx

=f01 [%I(I—I)3—%I(1—I}3] dr:%ﬁ: (x—ﬂx2+3r3—x4}d:r:=%‘(%—l+%—%}=Lu

M. = fulfﬂl_z ul_"—'_s" vy dzdyde = ful ﬂl_z [(1 —x)y® — y3] dy dx
1
=fo B0 -2 =301 -2)]de = F [30-2)] ;=5
1pl—ezpl-=e—y 1pl-=r1 2
Mey = [, fo o yzdzdydr = [; [, [Ey(l —z—vy) ] dy dx
1 —z 1
= % Io fﬂl [(1 —z)Py—2(1—=2)y* + ys] dyder = % N [%(1 —z)* — %{1 —z)* + i(l — 1]4] dax
= s fi(-a)tez=—F 302 ], =7
Hence (z,7.2) = (3. 2.1).
5. Since r = 3, 2° + y* = 9 and the surface is a circular cylinder with radius 3 and axis the z-axis.
6. Whether spherical or cylindrical coordinates, smee 8 = Z the surface 15 a half-plane mcluding the z-axis and intersecting the
xy-plane in the half-line y = /3z, = > 0.
17. In cylindrical coordinates, E is given by {(r.8,2) |0 <8 <27 0<r <4 —5< =z < 4} So
v+ av = [ [ [ Vrirdzdrdg = [J7de [irdr [*, dz

=[8];" [37], [2]%5 = (2)(%2)(9) = 384
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18. The paraboloid = = 1 — z* — y” intersects the xy-plane in the circle z*> + y*> = > = 1 or r = 1, 50 in cylindrical

coordinates, E is given by {(r,6,2) |[0< 6 < 3,0<r<1,0<2<1—7r"} Thus
[ (& +zxy)dV = uw"’zfui ﬂl_rz(rs(:0539—|—7'3c0593in25]rdzdrd9= ﬂqrfzfﬂl 01_72 r* cos @ dz dr df
z=1—r? m

o drdo = [ [1r*(1— 1) cosOdrdf

= uwn 01?"4""'359 [Z];=u
= f:” 0039[%7'5 — %rT] ::; df = ﬂﬂﬂ 3—25 cosf df = % [sin IE']Z:{2 = %

20. In cylindrical coordinates E 1s bounded by the planes » = 0, 2 = r cos & + r sin § 4 5 and the cylinders r = 2 and » = 3, so

Eisgivenby {(r,0,2) |0 <0 <27,2<r <3 0<:z<rcosf+rsind +5}. Thus
cos @4 sin 845 dr do

[f[g zdV = ﬂgw f: M Ot einb by cos6) r dz dr df = :W f;(rz cos 8)[ =]
= ﬂzw f: (r? cos8)(rcos@ +rsin@ +5) drdf = Uzﬂ f:(rg(cosz 8 + cos 8 sin 8) + 577 cos ) dr df
r=3

= fuw [37"(cos® 8 + cos 6sin 8) + 27° cos 6] r—z @

[15)

—_ 4.IL

= [27 [(& — £)(cos® 6 + cos Bsin 8) + Z(27 — 8) cos 8] d8
(Z2(H1 + cos26) + cos O sinf) + 2 cos6) dff = [%9+%sin29+%sin*9+§smg]§“

2T

= Jo
28. The region of mtegration is the region above the plane » = 0 and below the paraboloid » = 9 — z* — y*. Also, we have
—3<z<3with0 < y < /9 — z? which describes the upper half of a circle of radis 3 in the xy-plane centered at (0, 0).

Thus

WVo—z? pa—zi—y? T p3 po—r> T p3 po—r
ff f 1/x2+y2dzdyd;r=f ff Jr_zrdzdrdea:f ff 2 dz dr df
—3J0 0 0 0 1] 1] 1] [1]
= [T [2r2(9—r?)drde =[] a8} (9r® —r*) ar

) = 12

3
— b

—[0]; [3° — 213 = (51— 282
5. Since ¢ = %, the surface 1s the top half of the right circular cone with vertex at the ongin and axis the positive z-axis.

6. Since p = 3, 2 + y* + z® = 9 and the surface 1s a sphere with center the origin and radius 3.

18. The region of integration is given in spherical coordinates by
E={(p.0,0)|1<p<20<8 <27 7/2<¢ <} Thisrepresents the solid
region between the spheres p = 1 and p = 2 and below the xy-plane.
I I I PP sinodpdods = [7T a0 [T sinods [T p*dp

=[6137 [-eosel7, [34°];

=2n(1)(3) = ¥
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22, Insphﬂicalcoordinales,Hisrep:eseutedhy{(p,ﬂ._c:”ﬂ <p<1.0<0<270< < %} Thus

[T (& +42) dV = [I7 [;7/2 [(0* sin® 6) p* sin o dpdodd = [™de [7/*sin® ¢ do [ p* dp

= [0]2" [eoso+ Teo” o]} [3°], = 35

23. In spherical coordinates, E is represented by {(p.6,0) |1 < p<20<6<Z 0<¢ < Z} Thus

(A1 E]

fffE zdV = f;’iz fuﬂﬂ flz(pcoso) P sin ¢ dp df dop = fnwﬂ cos ¢ sin ¢ do fuﬂlz df 12 2 dp
. w/2 w2 2
= [% sin® G]u [6‘]0 [?11-‘5'4]1 = (%) (%H%.} = li%ﬂ
36. The region of integration is the solid sphere 2 + 3* +2* < a®> 500 <8 <27, 0< o < 7, and 0 < p < a_Also
2z +ytz+ 2% = (2 + 4 + 2%)z = p*z = p” cos ¢, so the intepral becomes

fuﬂfuh fua (93 cos G) p° sin o dpdf do = J:r sin ¢ cos ¢ da fuh e ﬁf p°dp = [% sin” O]z [9 ] 31 [%pﬁ]; =0
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