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22. F(x,y,2) = —zi + yk

Sx2+y?=1
i j k
d d J L
curl F = x ay oz =i—j
-z 0 y

LettingN = k, curl F - N :Oandff(curlF) -NdS=0.
S

24. curl F measures the rotational tendency.

See page 1084.

26. f(x,y,2 = xyz gx,y,2) =2 Sz=J4— x2—y?
@ Vox,y.2) =k
f(x,y,2Vg(x, y, 2 = xyzk
r(t) = 2costi + 2sintj + 0k, 0 <t < 27

f [f(x,y,2Vg(x,y,2)]-dr =0

(b) VE(x,y, 2 = yzi + xzj + xyk

Vo(x,y,2) = k
i j k
Vi xVg=|yz xz xy|=xzi—yzj
0O o0 1
X . y .
N = + + k
4—x2—y2I 4—x2—y21

P )sz_i;dA
4 —x2—y? 4—x2—y? 4 —x2—y?
_ y?z 2
ff [Vi(x y, 2 x Vg(x,y,2)] - NdS = ff _X2_y 4_X2_y2] ﬁ—xz—ysz
([P
/_X2_y2

27 5.2 20 _ 2
:fj 2r2(cos? § — sin G)rdedr

_r2
2
Jamrlamn)],
= ~sin20 dr=0
L[ 4 —r2\2 0

Review Exercises for Chapter 14

2. F(x,y) =i —2yj 4. f(x,y,2) = x2ev?
F(x, y,2) = 2xe%i + x%ze¥?j + x?ye¥?k

= xe%(2i + xzj + xyk)
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6. Since IM/ay = —1/x? = dN/ox, F is conservative. FromM = dU/dx = —y/x?>and N = 9U/dy = 1/x, partial integration
yieldsU = (y/x) + h(y) and U = (y/x) + g(x) which suggests that U(x, y) = (y/x) + C.

8. Since aM/dy = —6By?sin 2x = dN/ox, F is conservative. From M = dU/ax = —2y3sin2xand N = 9U/dy = 3y%(1 + cos 2x),
we obtain U = y3 cos2x + h(y) and U = y3(1 + cos2x) + g(x) which suggests that h(y) = y3, g(x) = C, and

U(x,y) = ¥3(1 + cos2x) + C.

10. Since
M _ . N
ay ax
M _, _ P
Jz aX
N _ g, 0P
9z ay

F is not conservative.

14. Since F = xy?j — zx?k;
(@ divF = 2xy — x?
(b) curl F = 2xzj + y%k

18. SinceF = (X2 — y)i — (x + sin?y)j:
(@ divF = 2x — 2sinycosy
(b) curlF =0

22, (d) Letx=5t,y=4t,0 <t < 1, thends= /41dt.
1
nyds=j 20t? /4ldt = ZO\S/H
C ]

(b) C:x=1ty=00<t<4ds=dt
Caox=4—-4,y=2,0<t<1ds=2.5dt

Cix=0y=2-t0<t<2ds=dt

4 1 2
Therefore,f xy ds = j Odt = f (8t — 8t?)2/5dt + J Odt
C 0 0

_8/5

Csee[CC]

2 3o

dx

24. x=t—sdnt,y=1-cost,0 <t < 277,&:

des=J27(t—sint) (1—cost)2+(sint)2dt=f

12. Since
w:sinz:w M _ (:0527&E
ay x oz Y ax’

F is not conservative.

16. SinceF = (3x — y)i + (y — 22j + (z — 3x)k:
(@ dvF=3+1+1=5
(b) curlF=2i +3j +k

20. SinceF = i + Ej + Z2%k:
Xy

0

l—cost,d—y:sint

2
(t —sint)</2 — 2 cost dt

27 27 2w
= ﬂf [t\/l — cost — sinty/T — cost]dt = \/é[—g(l - cost)3/2]O + fzf tv/1 — costdt
0 0

2m
= ﬁf t/1 — costdt
0

= 87
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26. x = cost + tsint,y = sint —tsint,0 <t < —, dx = tcostdt, dy = (cost — tcost — sint) dt

m
2

/2
J (2x—y)dx + (x + 3y)dy = J [sintcost(5t2 — 6t + 2) + co?t(t + 1) + sin?t(2t — 3)] dt = 1.01
(o} 0

28. r(t)y=ti +1t3 +t32k,0<st< 4

X =1, y(0) = 2t () = 072
4 / 9
f (X2 +y2+ zz)ds:f (t2+t*+ 13 1+4t2+zt dt =~ 2080.59
C 0

30. f(x,y) =12 —-x—y
C:y = x2from(0,0) to (2, 4)
rt) =ti +t?j,0<t <2
r't) =i+ 2tj
Ir @ = v1+ 4t

Lateral surface area:

2
f f(x,y) ds = f (12 =t — t2)/1 + 4t2dt = 41.532
(o} 0

32. dr = [(—4sint)i + 3costj]dt
F = (4cost — 3sint)i + (4cost + 3sint)j,0 <t < 27

21 in2 127
F.dr = (12—7sintcost)dt=[12t—7sm t] = 24n
c 0 2 Jo

M x=2-t,y=2—-tz=J/4-t30<st<?2

2—t

dr = [—i—'+7
: 4t — t2

k] dt

F=(a—2t— Ja—t2)i + (VA — 2 — 2+ 1)j + Ok

2 t2 2
fF-dr=f (t—2)dt=[——2t] S
c 0 2 0

36. Letx = 2sint,y = —2cost,z=4sin*t,0 <t < 7.
dr = [(2cost)i + (2sint)j + (8sintcost)k] dt
F=0i+ 4j + (2sint)k

J'F-dr=J' (851'nt+163in2tcost)dt=[—Scost+%sin3t] =16
C 0

[0]
38.fF-dr=f (2x — y) dx + (2y — X) dy

c C

r(t) = (2cost + 2tsint)i + (2sint — 2tcost)j,0 <t < 7

fF-dr=4772+47T
c
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2000/5280

/2 tk, 0<t

40. r(t) = 10sinti + 10costj +

= inti + j + =
10sinti + 10 cost]j 33 tk
F = 20k

. . 25
= —
dr <10 costi 1OS|ntj + 335 k)

/2
500 250 .
LF-dr—L 337Tdt 33ml-ton

1 (4,4,4)
42, f ydx + xdy + =dz = [xy + In|z|]
c z ©,0,1)

44. x=a(f —sinf),y=a(l —cosh),0< 6 <27

1
(a A=5Lxdy—ydx.

N\:}

=16 +1In4

Since these equations orient the curve backwards, we will use c,

1
Ny

= 1J27T [a%(1 — cos 6)(1 — cos 6) — (6 — sin O)(sin 6)] d6 + ;fﬁa (0—0)do

2 Jo

> (2w
=%f [1—2cos6+ cos?d — 6sin g + sin? 6] dé
0

2 2
=& (2—2c030—03in6)d0=i

2 o 2

(b) By symmetry, X = ma. From Section 14.4,

y= = | y2
y 2Ac

46. fwdx+(x2+y2)dy:j2f2(2x—x)dydx
C 0Jo

2
=f 2xdx = 4
0

a- X2/3)3/2
y2dx + x#3dy = x1/3 - 2y> dy dx
-1J-(1- X2/3)3/2

4 1/3 (l xz/a)a/z d
= X X
J—l [3 Ty ]—(1—x2/3)3/2
18
= 7Xl/3(1 — X2/3)3/2 dx
.3
— |:_$X2/3(1 — X2/3)5/2 —

=0

dx = —J a3(1 — cos )41 — cos ) df =

67) = 3mal.

(3717& 5y2°(6m) =

48J(x2—y2)dx+2xydy JJ
:f O0dx=0

16 > ]1
2001 _ 2/3\5/2
35(1 Xr?) -1

4y dy dx
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. ..o
52. r(u,v) = eW4cosvi + e W4dnvj + ék

54, Sr(uv) =U+Vvi+Uu—-v)j+snvk, 0su<20<svsTnw

rouv) =i+j

ro(uv) =i—j + cosvk
i k

rpxr,=11 1 0 |=cosvi—cosvj— 2k
1 —1 cosv

ryxr,| = <2cos?v + 4

szdS ffsnv\/200§v+ dudv—2[f+ ﬂln<‘§+:§)}
56. (a) z= a(a— \/x2+y2),05 z< & H
z=00 X+ y*= I

(b) Sgxy) =z=2a2—as/x+y?

p(%,y) = kX2 + y? A
i h
J e(x,y,2 dS = a

:ka ¥+ y 1+ g2+ g2dA

2y2 2\/2

=kff\/m\/1+ ax 2y
R

X2+ Y2 xR+ y?

_ ”m(m)m
R.
27 (fa
=k\/a2+1j frzdrde
27 a3

= kJva2 + f —do

= %km adwr
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58. F(x,y,2) = xi +yj + zk
Q: solid region bounded by the coordinate planes and the plane 2x + 3y + 4z = 12
Surface Integral: There are four surfaces for this solid.

z=0 N = —Kk, F-N= -z JJOdS:O
S,

y=0, N=-j, F-:N=-y, ffoas:o @00
S,
x =0, N = —i, F-N=—x ff0d3=0
S,
3 _2i + 3 +4k (;) (9) /29
2x-i-3y+4z—12,N—7\/E ,dS= 1+ 2 + l6dA—74 dA

ffN . FdS=%J (2x + 3y + 42) dy dx
S

1 6 [(12—2X)/3 6( 2X> X216
—4J;f0 12dydx—30 4 — 3 dx—3[4x— 3]0—36

TripleIntegral: Sincediv F = 3, the Divergence Theorem yields.

ffj divFdVv = ffj 3dV = 3(Volume of solid) = 3[%(Areaof base)(Height)] = %(6)(4)(3) = 36.
Q Q

60. F(x,y,2 = (x — 2)i + (y — 2)j + x?k
S first octant portion of theplane 3x + y + 2z = 12

LineIntegral:
o _ 12— 3x _ 3
Ciy=0  dy=0 2 dz 2dX ©12,0 Y
12—y 1
Cix=0 =0 z==5-, dz = —5dy

Cyz=0, dz =0, y =12 — 3x, dy = —3dx

fF-dr=f(xfz)dx+(yfz)dy+x2dz
C C

:Ll[x_12;3X+x2<—g)]dx+fcz[y_122_y}dy+fcz[x+(12—3x)(—3)]dx

0 3 5 123 4
:f<—7x2+7x—6>dx+f <7y—6)dy+f(1ox—36)d><:8
4 2 2 0 2 0

Double Integral: G(x, Y, 2) = w -z

VGix .2 = —5i - 2j — k

curlF=i— (2x+ 1)j
4 [12-3x 4
fJ(curIF)-NdS=ff (xfl)dydx=f (—3x2+ 15x — 12) dx = 8
0Jo 0
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Problem Solving for Chapter 14

9z —X 9z -y
2 @z=V1-R-yY—=—— =
@ YT ARy ARy

RN R v e——
X ay. 1-x—y

T -25
(XZ + y2 + 22)3/2

(xi +yi + zk) = —25(xi +yj + zk)

9z. 9Z.
——i—-—j+k
_ X ay

NEREE

=< X i+ y y2j+k>m

1—x2—y? 1-x2—

=xi+yj +/1-xX—yk=xi +yj+zk

|:|UX:fJ—kVT-NdS
= i i 20 e
25
=k| | ————=dA

27 (1
1
= 25k —————1r dr d@ = 507k
fo fo\/l—r2 T

() r(u,v) = {(sinucosv, sSinusinv, cos u)
r, = (cosucosv, cosusinv, —sinu)
r, = (—sinusinv, sinucosv, 0)
ryx r,={sin2ucosv, sin?usinv, sinucosusin?v + sin u cos u cos’ v)

[r,xrl =snu

27 (/2
Flux = 25kf J sinududv = 507k
0 0

2 3/2
4. r(t) = <tE t, 2‘/? >

() = {t 1, V272), [r ol = t + 1

1
pds—m(t-i-l)dt—l

1
t* 8 49
— 2 2 = 4+ 59 =
ly fc(x + Z)pds fo<4+9t)dt 180
1
Ix:J’(y2+22)pds:J’<t2+§t3>dt:§
c o 9 9

1
t4 23
— 2 2 = 2 =
I, L(x + y?)pds JO<4+t>dt 60
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1 "
6. ffxdy—ydx:zf [fsinZtcost—sintcosZ
2. o L2

Hence, the areais 4/3.

8. F(x,y) = 3x3y?i + 2x3yj is conservative.
f(x,y) = x®? potential function.
Work = f(2,4) — f(1,1) = 8(16) — 1 = 127

10. Area = mab
r(t) = acosti + bsintj,0 <t < 27

r’(t) = —asinti + bcostj

1, ... 1 .
=—-= + =
F 2bs;mtl 2acostj

1 . 1 1
. = | = 2 = = =
F-dr [Zabsm t+ 2abcosz'[] dt 2ab

27
w=f F-dr=%ab(27r)=7rab
0

Same as area.

Jo-d

2

3

)



