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A  TRUE-FALSE QUIZ A

. This is true by Fubini’s Theorem.

: f_ll fol e+ gingdr dy = (ful e’ dm) (f_ll ¥ siny dy) = (ful & d:z;) (0) = 0, since e¥” siny is an odd

function. Therefore the statement is true.

. True:

Jf o V4~ %> —y*>dA = the volume under the surface z° + ° + z* = 4 and above the Ty-plane

= 5 (the volume of the sphere 2° + ¢ + 2° = 4) = § - $#(2)° = ¥

. This statement is true because in the given region, (z* + sin{z?z%) < (14 2)(1) = 3, so
Y Y

S (@ + ) sin(2%y?) dedy < [;f, 3dA = 3A(D) = 3(3) = 9.

. The volume enclosed by the cone z = /22 + %* and the plane z = 2 is, in cylindrical coordinates,

V= f2[2[2rdzdrdf # [77 [ 7 dz drdf, so the assertion is false.

. True. The moment of inertia about the z-axis of a solid £ with constant density & is

L= [{f o (a*+2*)p(z,y,2)dV = [ff o (kr¥)rdzdrdé = [ kr®dzdrds.

<& EXERCISES <

. As shown in the contour map, we divide R into 9 equally sized subsquares, each with area AA = 1, Then we

approximate [ . f(«,y) dA by a Riemann sum with mn = n = 3 and the sample points the upper right corners of
each sqguare, 5o

[ e f@y)dAs 23: _ilf(znyj)ﬁﬁ

i=14= .
=AA[f(1L1) + f(1,2) + F(1,3) + f(2, 1) + f(2,2)
+£(2,3) + f{3,1) + f(3,2) + £(3,3)]
Using the contour lines to estimate the function values, we have

[l o flz ) dAR 12T +47 + 80+ 47 +6.7+10.0 + 6.7+ 8.6 + 11.9]) = 64.0

. As in Exercise |, we have m = n = 3 and AA = 1. Using the contour map to estimate the value of f at the center

of each subsquare, we have
3 3
[Joflendts 2 ¥ F(7,5,) Ad
= AA[£(0.5,0.5) + (0.5,1.5) + (0.5,2.5) + (1.5,0.5) + f(1.5,1.5)
+ f(1.5,2.5) + (2.5,0.5) + £(2.5,1.5) + £(2.5,2.5)|

=1124+254+50+32+45+71+52+65+90]=442

3070 o+ 2me)dady = [} [y + 5%¥) Ty = 7 2y + de*)dy = [ + 4e¥]]

md44e® —1—de=4de? —de + 3

4 fol fol yedrdy = fol Eexy}::é dy = fol (ey - 1) dy = [ey - y]é =e—~2

5. fol Jo cos{z?) dydz = ful [cos(z?) 4] iz; de = f! zcos(e?) dr = %sin(mQ)]; = 1sinl
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6. faf By dydm—fo Es ]y = d.x—fo[ -zt dx

Ly fo fo ysma:dzdydm—fu fo [(ysinz) 2} g y1-v? dydm—fu foy 1 — y2sincdyde

:‘[ﬂ“[—%(lryz)a"zsinm]: de = smzdz——%cos;c]o 2

8 fulf;ifg'mydzdmdy=folfj,grygdxdy=fn iz y2]= ' dy—fu (34° — 34°) dy

L

=4 -d'lo=t-3=u

B

9, The region R is more casily described by polar coordinates: R = {(r,8) | 2 <r < 4,0 <& < x}. Thus
[f g f(z,p)dA= f;f;‘ flrcosf,rsing)rdrdf.
10. The region R is a type Il region that can be described as the region enclosed by the linesy = 4 — x, ¥y = 4+ z, and
the z-axis. So using rectangular coordinates, we can say R = {{z,y) |y —4<2<4—y,0<y <4} and
[T o f(z,y)dA= [ [*7 2 f(=,y) dedy.

11. The region whose area is given by [ f; Lsind . g df is

r=l+siné 1 0)|0<8<71<r <1+sin8}, which is the region outside the

circle r = 1 and inside the cardioid r = 1 4- sin 4.

v

r=

12. The solid is {(p,6,8) |1 < p<3,0< 6 < 27, 0 < ¢ < ), which lies inside the sphere g = 3, outside the
sphere p = 1, and within the cone ¢ = §.
2 ”/8 pgsmq‘;dpdqﬁdﬁ %dﬂ f”ssmqbdqﬁ ffpzdp
= [B12" [~ cosg)2® [36°);
=m) (1-8) (3) =% (2- V3)

0

1. iletlvdyde = ) [¥ e/ Vdady

- I=y
= fc’l [ye /vL_O dy

= [ley —v)dy = [§¥° — 397,
x = 3e—1)




-, and

the
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fo f 2 ysin {z 2) dz dy = fulfuﬁysin(z?) dy dz

= _[01 -%xsin(mg) dz

e [-i—cos(xQ)]; = %(1 — CO% 1)

15, ]:f:md:::d;;:f: [—(m—y)“l]:z; dy:f: (—i—l—}};)dy

=[~lny+hn[l -y} = -4+ I3 +m2=1Ind
16. f:l f:{"_ll 2 dy do = fjl (22° + 2* — 2%) do = [%x‘i-{-ézs — %xﬁ]f_l =3

17. The curves y° = z® and y = x intersect when #® = z, that is when = = O and z = 1 (note that = % —1 since
2=y = r>0)% fol ey dyde = fu [32° — 1Y) dz = [§2* - —:rE']u L

30°
O U5 = (= )55

19. J2137Y (wy + 20+ 3y) dody = [ [Sa?y + 2% + 309) 70" dy
=/ [%y(l—yz)mr (1—y“)2+3y(1—y2)] dy

=30ty -4 -y rl=g+ -+ =8

2 py 2 1
2. v ff ydA:ff ydxdy:f y(y—-—)dy
y=2 b 1 Jigy 1 4

% : : =f12 (yz _1) dy = [%ya_y]f

~(3-2)-(-1)=1

2, 7 [fD (zz+y2)3mdA=fﬁzf3 (2" dr do
’ =f dﬂj r dr—[e]"”[ ]:

22. The circle bounding the disk is given by @ + (y — 1)2 =1orz?+y* = % and in polar coordinates r = 2sin 6.
Thus [, /22 +y2dA = [ f‘fsmg rPdrdf = [ Ssin®0dp = 5[~ c039+3c0539]o = 22,

n ffsz:demeo Um . zdzdydx—fo 2z 1z4dyd:z—f de =328 =3

2 [ffpydV = [Lf2 [y gy de = [ 2% [(2 - 2z)y — y*] dydz

= fy (L2 - 23:)3 3@ -22)°lde = [ $(2-22)*dz = — L (2 - 22)%]; =

3




ap4 O CHAPTER12 MULTIPLE INTEGRALS

5. [[fpy?2dV = [ f‘/vll‘:}fo‘” - VP dedzdy = [1 f‘\/\/__y 2(1=y® — 2% dzdy 2.
— 27 (2 cos? 0) (2 sin? 8) (1 — r¥) rdr df = [27 3 L sin®20(s5 — 17} dr df
= [ eos )30 — )T, a0 = o~ pem )] = B = &
B [ffgzav = [LI TV dvdzdy = R gy zdedy = [F 32 -9)(1-4%) dy 3.
=fri2-y—y+")dy= 3
2. ffnyZstﬁ mfu yadzdyds = [2, fu‘/zrl yidyde = [T 2 1r®(sin®8) r dr d6

= £ [/ sin B'dﬁ—lg-[ cosf + Leos® 8] = &

8. ff  AFEFER W = 153 (6 cort )p(e*in ) dpds

™ 7 - . 36.
= 02 do [ /% cos® ¢ sin ¢ db fo p®dp = 2m[~2 cos* §] /2 3 =5
V= fosz (% + &) dydz = foz [m2y+ %ya y:: dz = IUZ (3% + 84) dx = 176
30 ¥ V:folf:_:lz“' 0 *y dzdzdy = fo 4 2” T2y dr dy
=1 id-2’y - (w+ 1) yldy
= 1 3(—y* +5¢° — 11y° + Ty) dy
=s(-p+i-gep =8 .
3. V = [R[EIE2 dy dudy
= o J5 (1 - qu) dedy
= [ -3 =3
2.V = [22[3 gz drdf = [77f7 (3r — rsin6) drdf = [J7 [6— §sin6] dO
= 602" +0=12n
33. Using the wedge above the plane z = 0 and below the plane z = mx and noting that we have the same volume for 38

m < 0 as for m > 0 (so use m > Q), we have

V=2 [0 [V madndy = 2 570 jm(a® ~ 0F) dy = mlay — %77

1. &

= m(3e® - §a°) = fma’
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34. The paraboloid and the haif-cone intersect when z? + 3 = /22 + 2, that is when 22 + ¥ =100 So

V= ff12+y2‘<1 A ihd dzdA = fozwfolf:zrdz drdf = ()wan1 (r® - 7'3) dr df

2y2

=[G~ 1) a0 = am = 5

B (@Am=[ lyydmdy_fc (y - y)dy._——%:z

- 1
(b) My = fulful Y zydvdy = ful %y(l - 92)2 dy = _‘113(1 - 92)3]0 = 15,
2
My = [0 J3 7 P dmdy = [} (v* — y¥) dy = £. Hence (7,7) = (4, &).

_— 2 v
@ L = [3f™ videdy = [ (v - dy = 3,
-
= [l vt dndy = [ fu(1— ) ay= (1~ = &

36. (a) m = 1w Ka® where K is constant,
My = [f o2 2oz KzdA = K [T [0 12 cos0drdf = 1Ka® [T/* cos6df = LK, and
M, =K %[ rsinfdrdf = 2a®K (by symmetry M, = M.). Hence the centroid is
(Z,7) = (354, 3=a).
(®) m = [/ [ r* cosB sin® 0 dr df = [1sin®6] ™% (2a%) = L,
M, = "/ o o cos® Bsin® @drdf = 1 18- —sm49]’r/2 laﬁ) = &ma®, and

M, = "ﬂfu r®cosOsin® B dr 46 = [lsm 9]“2 1 G) = a . Hence {Z,7) = (3_52”‘11'3'“)'

37. (a) The equation of the cone with the suggested orientation is (A — z) = 2\ /22 + 42 0 < 2z < h. Then
V= %:rmzh, is the volume of one frustum of a cone; by symmetry My, = M., = 0; and

h—(hja)s/x24q3 2r pa plhfa)a—r)
Mmysz f zdsz:/ / / rzdz dr df
T2 4ytaga? Jo a o Jo

= p? 2 Th? [, 2 wh® fat  20* ot nh?a?
=7 A rE(a-r) dr =— A {a’r — 2ar +r)dr=}? S tg)=

Hence the centroid is (%, 7, %) = (0,0, %R).
2m (h/ala—r) 2 h 4h
_ h " T L&) _ma
(h) I, —f ] f 3 dzdr dg 27rf (ar® —r*Y dr - (4 5) 0

ume for 38. (a) By Definition 12.6.4, the area of S is given by

=3 ff3 \/(2%2)2 + (4uv)” + (202) % dvdu = 2 fua L2 ViEE T @ + ot dv du.

(b) Using a CAS, we have 2 st S 3 3 Vut +4u?v? + vidudu = 247.8. (Ask your CAS to evaluate the integral
numerically rather than symbolically.)
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39, Let D represent the given triangle; then D can be described as the area enclosed by the - and y-axes and the line
y =2 — 2z, orequivalently D = {{z,¥) | 0 Sz < 1,0 <y £ 2 — 2z}. We want 1o find the surface arca of the
part of the graph of z = «° + y that lies over D, so using Equation 12.6.6 we have

A(S)=/[D\Xl+(g—z—)EJr(g—;)sz:]L\/m)—gdA

= [ A r it dyds = [} V2+ 4P fyly ¥ do = 2 —22) Vi + 4a%da
= 122+ ds2dz ~ f; 222 + 42 dx

Using Formula 21 in the Table of Integrals with a = /2, u = 2z, and du = 2 dx, we have
J2v2+4de?de =22+ 4z 4 1n(2x + 2+ dz?). If we substitute u = 2 + 4z in the sccond integral, then
du=8zdpand [ 2z+/2 + 4zt de =} [ udu =3 2437 = }(2 +4;c2)3"2. Thus

A(S)= [z 2+ dz? +1n(2w+ \/m) - %(2_'_%2)3;2];

—IinZhf 4 2 o 1n(«/'+\/')+*"'~16176

40. Using Formula 12.6.6 with 8z/8z = siny,
8z/8y = xcosy, we get

S:fjﬁffg \/5i1129+3720052y+1dzdy

2 62.9714
VB pnfiy?
4. f f —  _d
! o y 14+x i)
©.2)
{V2.42}
™ 2
i =B (31 +2]5
) @20 x ;
=Z{in5) = fIn5 i

EPETEEE S

¢}

@ [l "”f\/l T (o g4 A drdyda = [F T3 () P singdpdd dg

— [P singds [T2d8 1 dp= - cos dlg B2 [075 =105

=
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43. From the graph, it appears that 1 — 2% = e® at  ~ —0.71 and at 125

xz =0, with1 — 2? > ¢ on {(—0.71, 0). So the desired integrat is
a2
Jpvtdam 2 [o v dyde

= é ffo.n [(1 - :"“2)3 - esz] dz

= 3[e—a® 805~ da - 327, m 005D

]-0.71

44. Let the tetrahedron be called T. The front face of 7" is given by the planc ¢ + 3y + 3z =1, or
z=3-3z— -y, which intersects the zy-plane in the fine ¥ = 2 — 2&. So the total mass is

m= fff p(z,y,2)dV = [ [2725 (3373872 (52 L 42 4 5?) dedyde = L. The center of mass is
(E,g,f):(m_l fff’r xp(a:,y,z)dlf,m_l ffnyP(x;y,Z) dV,m"l fffﬂ'zp(x_!y!z) dV)

- (_4. i1 B
2112107
45. (a) f(z,y) is a joint density function, so we know that [, f(z,¥)}dA = 1. Since f{z,y) = 0 outside the
rectangle [0, 3] x {0, 2], we can say
M fay)dA=[7[% fley)dyde = [ [) Clz+y) dydn
=C 5 {ay+ 39°)27; do = €[22 + 2) dz = C[2% + 2]} = 15C
Then 15C' =1 = C'—--
O PX<2Y21) = [ [ fz,y)dyde = [} [} Ko, p) dyde = & [F [oy + 3777 de
2
=%+ Ddz=%[ir"+ 3] =3
)y P(X +Y £1)=P({(X,Y) € D) where I is the triangular region ¥
shown in the figure. Thus

PX+Y<)y= [, fle,y)dd= [} [} 7" 2(z+y)dydx
—15f0 [z + 3° }y_l dx

= 1—15 ful [m(l —z)+ %(1 — m)z] dr

:élﬁful(l_xg)d”=%[W—%xs](l,=4—15

48. Each lamp has exponential density function

0 if ¢t <0
Fe) =

L —t/800
%00 & ift>0

If X, Y, and Z arc the lifetimes of the individual bulbs, then X, ¥, and Z are independent, so the joint density
function is the produet of the individual density functions:

—(z+yba) /800
- fr>0,y>0,2z>0

0 otherwise

407
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The probability that all three bulbs fail within a total of 1000 hours is P{X + Y + Z < 1000}, or equivalently
P((X,Y, Z) € E) where E is the solid region in the first octant bounded by the coordinate planes and the plane
z + 1y + z = 1000. The plane = + ¥ + # = 1000 meets the xy-plane in the line x + y = 1000, so we have

P(X+Y +Z<1000) = [ff flz,y,2)dV

- 0—z— -
1000 £1000—z F10D0-w—y 1, (w+y+;)/&00dzdydm

=Jlo 0 o 00
2=1000—2—y
_ _1_ {1000 [1000-z _800[8_(=+y+z)/soo] dy dz
s Jo Jo 20 e

| Uwuo Omuu—a: [8_5/4 . e—(=+y)/suu] dyder

y=1000—=z
- 833 Umuo [e—5f4y+8006—(m+y)/8001| d

y=0

ﬁ; 01000 [6_5/4(1800 — x) — 8006_":/800} der

1000
= ﬁg [“%3_5/4(1800 _ m)2 + 80026““/800] .

= =k [—%6—5/4(800)2 + 800%e ™5/ 4 Le™®/4(1800)° — 3002]

=1— % * = 01315

x=yy

S IR Y ey gy dedyde = f) f3 7T Y5, 2,y 2) dedy dz

f§f0y3f0y2 flz,y, 2)dzdady = [f]  Flz,y,2)dV where

E={(z,y,2)|0<y<20<z2 < 4% 0 < z < y?}. i Dy, Dy, and Dj are the projections of £ on the zy-,
yz-, and zz-planes, then Dy = {{z,4) |0 <y <2,0<cS Y ={{z,p)} 102 <8 Yz <y <2,

D ={(32)10<2<4,/2<y<2} ={{(32) [0Sy <20< 2<%,
Di={{z,2) |0z <B D<Kz <4}




