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2
1. x=t andy=t ,0<t<2,sobyFormula3

2
fcde:fit\/<%>+ a) dtf \’(2t)+(1) dt

_r2 2 1 2, 3/2
= L VA+Ldt= (A1 } (17\/_7 1)

2.

[ ids f \/(43) +3) dt=[ | 2y \/ 160+9t dit= f \/ 161°+9 dit

2
312 32 32 1
:—16t9 25"~ 137)= = (125- 13413

(1649 Lz 25 )= o5 125 13(13)

3. Parametric equations for C are x=4cost , y=4sint , -

4 m
/ cXy ds= | . /ilz(4cost)(4sint)4\/ (- 4sint)2+(4cost)2 dt

2 5 . 4 .2 2
= firn/24 costsin t\/16(sm t+cos t)dt

6
5. 12 . 4 6] 1. 5™ 2 4
4f ) ﬁ/z(sm tcost) (4)dt=(4) [ 5sm t} s =1638.4

4. Parametric equationsfor C are x=1+3t , y=2+5t , 0<t< 1. Then

X 1 1+3t_[,2 1 1+3t
| ye'ds= (2+50)e \/ F+5 di=y34] (2+50)e ot
. . 1+3t 1
Integrating by parts with u=2+5t = du=5dt ,dv=e  =v= :-3 e dt gives

X i 143 O 1+3
fcyeds=\/3_4 —(2+5t)e - -e }O

9
= (= ( . g)e}:l@(lee“— ¢
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: : 2
5. If we choose x as the parameter, parametric equations for C are x=x , y=x for 1< x< 3 and

f C(xy+|n X)dy = f i(x- x2+ln x)2xdx:f i’Z(x4+xIn X)dx

1512 1 213 . . :
=2 -5x+5xlnx— zlx (by integrating by partsin the second term)
1
_( 28,9, .09 1 1) 464
B 5 2 4 5 4) 5

6. Choosing y as the parameter, we have x=¢’ , Y=Y, 0<y<1 Then

y ly vy vy 1 3y 1 3y 1 3
fcxe dx:f Oe(e)e dy:f o€ dy= ée i|0:é(e— 1).

Y

(3.2)

G,
¢,

0 (. 0) x

7.
c=C 1+C )

On C1 : X=X, y=0=dy=0dx , 0< x< 2.
OnC 5+ X=X, y=2x- 4=-dy=2dx, 2< x< 3.
Then

[ yax+(x yydy = o Y Vdy+] _ xyeer(x- y)dy

2

=[ §(O+0)dx+ | 2[(2x2— 4x)+(— x+4) (2)]dx

—[ 32X 6x+8)dx= —
= 2(x— X )x—3

(-1,0) 0 (1,o) x
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C=C +C,

On C1 . X=cost=-dx=- sintdt, y=sint=
dy=costdt , 0<t< 7 .

On 02 I x= 1- t=dx=- dt, y=3t=
dy=3dt , 0<t< 1

Then

f _sin xdx+cos ydy = | Clsi n xdx-+cos ydy+| C2s,i n xdx+cos ydy

:f gsin (cost)(~ sintdt)+cos(sint)costdt
+] 5sin(- 1 (- diy+cos(3)(3dh)

=[- cos(cost)+sin(sint)]g+[— cos(- 1- t)+sin(3t)];

=— cos(cos r)+sin (sin ir)+cos(cos0)- sin(sin0)

— cos (- 2)+sin(3)+cos(- 1)- sin(0)

= cos(- 1)+sin0+cos(1)- sin0- cos(— 2)+sin 3+cos (- 1)
=— cos 1+cos1- cos?2+sin 3+cos1=cos1- cos2+sin3

where we have used the identity cos (- 6)=cos 6.

7T
9. x=4sint , y=4cost , z=3t , 0<t< E . Then by Formula 9,

2 2 2
fcxygds: fg/2(4sint)(4cost)3\/ (%) +< %) +< 3-:) dt

R4 3. 2 2 2
= | g 4’cos tsmt\/(4cost) +(- 4sint) +(3)" dt

12 3 . 2 .2
f g 256c0s tsmt\/16(cos t+sin t)+9 dt

12 ) 12
1280 “cos tsintdt= - 320cos4t]g =320
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10. Parametric equations for C are x=4t , y=6- 5t , z=— 1+6t , 0<t< 1. Then

| Xzds= | () (et 1)\/ 44(- 546" dt=\77] (96t 16t

4 3 |1
t t 56
\I77 e L :—\f
|:96 4 6 3 :|0 3 77
11. Parametric equationsfor C are x=t , y=2t , z=3t , 0<t< 1. Then

| e s = jl & )\/1+2+3 dt= \/14f te dt
1 1
14[ 6t} —£(e 1)
12 0

12. \/(dx/dt)2+(dy/dt)2+(dz/dt)2 :\/ P+(20) +(3) :\/ 1+4t°+9t" . Then

1
| (2xrer)ds =[ (1)(2t+9t3)\/ 1+4£°+0t" dlt [ let u=1+4t +9t — " du=(2t+9t Yt ]

14

141 1 1
‘f 4 \/Gd _ éu3/2i| 28(143/2 1)
1

1

13, [ Xyyzdz] ;(t3)2(t)\/F- 2tet=[ 2 dt= %Stlo}

14.

1
05

f Czdx+xdy+ydz :f ;tz- 2tdt+t2- 3tzdt+t3-

2 02 2

2tdt=[ (275t )t

15. »
OnC L x=1+t=dx=dt , y=3t=dy=3dt , z=1
=dz=0dt , 0<t< 1.
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OnC . x=2=-dx=0dt , y=3+2{=

dy=2dt , =1+t=dz=dt , 0<t< 1.

Then f C(x+yz) dx+2xdy+xyzdz

:f c (X+yz) dx+2xdy+xyzdz+ f c (x+yz) dx+2xdy+xyzdz

1 2

= ;(1+t+(3t)(1))dt+2(1+t)- 3dt-+(1+)(30)(1)- Odit
+| (1)(2+(3+2t)(1+t))' 0dt+2(2)- 2dit+(2)(3+2t)(1+t)dt

=[ Jaou7)dt+f (A +100+14)ct

—[5t2+7t] 1+[ 2 t3+5t2+14ti| l—12+ g%
- o] 3 o 3 3

J

On C1 D X=t=dx=dt , y=2t=dy=2dt , z= t
=dz= dt, 0<t< 1.

On 02 s x=1+2t=dx=2dt , y=2=

dy=0dt , z=— 1+t=dz=dt , 0<t<1.

Then f Cx2dx+y2dy+22dz
:f c x2dx+y2dy+22dz+f c xzdx+y2dy+22dz
1 2

=[ @) 2dt+(- 07 dy+f a2 2042 Oder( 14t)

1.2 1 2 83|17 3 2 11 3
:f 08t dt+f O(gt +6t+3)dt:|: f__?,t i|0+[3t +3t +3t]O:§

o1
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17. (a) Along theline x=— 3, the vectors of F have positive y — components, so since the path goes

upward, theintegrand F- T isaways positive. Thereforef c F- dr:f c F- Tdsispositive.
1 1
(b) All of the (nonzero) field vectors along the circle with radius 3 are pointed in the clockwise

direction, that is, opposite the direction to the path. So F- T is negative, and therefore
F- dr=] F- Tdsisnegative.
J. I, ey

2 2

18. Vectors starting on C 1 point in roughly the same direction asC 0 the tangential component

F. T ispositive. Then | F dr=/ . F+ Tdsispositive. On the other hand, no vectors starting on
1 1

C, point in the same direction asC . while some vectors point in roughly the opposite direction, so

we would expect f c F- dr:f c F- Tdsto be negative.
2 2

19. r(t)=t"i- 7] , 0 Fr )=t )i (- t%\/? i=— 2t jandr ' @=2ti- 3% .
1
Thus | _F- dr=] (1)F(r(t)). ¢ @)dt=/ (1)( o't 3tG)dt:[ 125t15 gtq _ 2

o 105
20. F(r ()= )i+ O j+0) k=t i+t j+°0k , r | @)=ivat j+3k .
Thus | F- dr=[ (F(r@)- r' @at=/ o2 +3)dt= t6]§=64.

21.

ch‘ dr =| ;<sint3, cos (- tz),t4>~ <3t2, 2t, 1>dt
1

1.2, 3 2 4 3 . 215 6 .
:f o(3t sint — 2tcost + )dt:[— cost - sint +-5t i| :-5— cosl- sinl
0

22.

ICF- dr =/ ;T(cost,sint,— t)- (1, cost, - sint) dt=/ g(cost+sintcost+tsint)dt

7T

o1 2
:|:smt+§sm t+(sint- tcost)i| =7
0
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23. We graph F(x, y)=(x- y)i+xy | and the curve C. We see that most of the vectors starting on C
point in roughly the same direction asC , so for these portions of C the tangential component F- T is

positive. Although some vectorsin the third quadrant which start on C point in roughly the opposite
direction, and hence give negative tangential components, it seems reasonable that the effect of these

portions of C is outweighed by the positive tangential components. Thus, we would expect
| JF- dr=] _F- Tdstobe positive

To verify, we evaluate f CF- dr . The curveC can be represented by r (t)=2costi+2sint j ,

37 L L / . :
0<t< ? , SO F(r(t))=(2cost- 2sint)i+4costsint j andr (t)=— 2sinti+2cost j . Then

[ Fodr=[ " ra) r' ()

_ f 37/2

0 [f 2sint(2cost- 25int)+Zcost(4costsint)]dt

3r/2, 2 . 2
= 4f [""(sin"t- sintcost+2sintcos )t

2
= 37r+§ [usingaCAS

24. We graph F(x, y)= A i+ y Jj and the curve C. In thefirst quadrant, each vector

\/ x2+y2 \/ x2+y2
starting on C points in roughly the same direction asC , so the tangential component F- T is

positive. In the second quadrant, each vector starting on C pointsin roughly the direction opposite to

C,soF- T isnegative. Here, it appears that the tangential componentsin the first and second
guadrants
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counteract each other, so it seems reasonable to guess that f CF- dr:f CF- T dsiszero. To verify,

Weevaluatef CF- dr . The curveC can be represented by r(t)=ti+(1+t2)j ,— 1<t<1, %0

t T N
F(r@))= i+ jandr (t)=i+2tj . Then
\/ o+ (1) \/ to+(1H)
1 /
[ Fodr=[" Fo®) r @
=1 S 2(1+) dt
\/t2+(1+t2)2 \/ (14t
L tE+2)
= T

] S dt=0 [sincetheintegrand isan odd function]
\/t +3t +1

1l & 15 2 1 17 &1 38111
25.(a)fCF- dr=]"\e "t -<2t,3t>dt:fo<2te +3t>dt:|:e +-ti|:§—1/e

0

) =0 Feoy={e “0) |

()33 (@) )

r0)=(1,1) , For)=(1,1) .
In order to generate the graph with Maple, we use the PLOT command (not to be confused with the
plot command) to define each of the vectors. For example,

0 1.6

—0.2

v1:=PLOT(CURVES([ [0, 0], [evaf(1l/exp(1)),0]1));

generates the vector from the vector field at the point (0, 0) (but without an arrowhead) and gives it
the name v1. To show everything on the same screen, we use the display command. In Mathematica,
we use ListPlot (with the PlotJoined — > True option) to generate the vectors, and then Show to
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show everything on the same screen.

26. (a) jCF. dr=/ f 1<2t, 2 3t> <2, 3 - 2t>dt:f f 1(4”3& 6t2)dt:[2t{ t3]f =2

I
N~
N~

1
/\
[
P
NI
[
N T
\/

) Now Fr()=(, 2 3) o F (- )=(- 2.1,- 3) F (r ( -

((2)-(+4

0<

(/]/ \\/

NITw

> ,and F(r(1))=(2, 1, 3).

27. The part of the astroid that lies in the quadrant is parametrized by x=cos 3t , y=sin 3t , 0<t<

N R

dx 2 _ dy . 2
Now a =3cos t(- sint) and a =3sin tcost , so

dx \ 2 [/ dy \?2 4 . 2 4 2 _ 2 2 .
a + a =/ 9cos tsin t+9sn tcos t=3costsint’/ cos t+sn t=3costant .

945
16.777.216

35 /2 9 . 15 .
Thereforef XY ds:f g cos tsin t(3costsint)dt=

28. We parametrize the line asr (t)=(1, 2, 1)+t[ (6, 4,5)- (1, 2, 1) |=(1+5t)i+(2+2t) j+(1+4t)k
0<t< 1. Using aCAS, we calculate

| Frdr (1)<(1+5t)4e2+2t, In(1+4t),\/ (2+2t) +(1+4t) > (5,2, 4)dt

4 2 9\/Esinh_1<1—4> 9\/§sinh_1<ﬁ1>
_5235¢ 6285 3 3/  5in5 1441 445
- . . 2 5 5

4 4 25 25

52356 6285€

4 4

18\/_5In3+ 9y5In (14+205) ,5in5 14y41- 4y5 ,
25 25 2 5 B
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The first answer isthe one given by Maple. The two answers are equivalent by Equation 7.6.3
[ET 3.9.3].

29. A calculator or CAS gives | xsinyds=[ “Intsin (e t)\/ W+ e ) dt~ 0.052.

30. (a) We parametrize the circleC asr(t)=2costi+2sint j , 0<t< 27 . S0
2 . / .
F(r(t)):<4cos t, 4costsmt> T (t):<— 2sint, 2cost> , and
2
W:f CF- dr:f Oﬂ(— 8cosztsint+8cosztsint)dt:0.

(b)

From the graph, we see that all of the vectors in the field are perpendicular to the path. Thisindicates
that the field does no work on the particle, since the field never pulls the particle in the direction in

which it isgoing. In other words, at any point dongC , F- T=0, and so certainly f CF- dr=0.

7T 7T
31. We use the parametrization x=2cost , y=2sint , - E <t< E . Then

ds= (Q()z <$'> dt= \/( 2sint)’+(2cost)” dt=2dt , so = kds;zkj LA=2K()
dt dit

x:i xkds:—fﬂ2 (2cost)2dt= — [4smt]
27k 2" - nl2

/2

4

-

1 4
y—ﬁfcykdszzj: (25|nt)2dt 0. Hence(xy) (; 0).

7T
32. We use the parametrization x=rcost , y=rsint , 0<t< E . Then

dx \2 [/ dy \? 2 2
ds= a + a dt="\ (- rsint) +(rcost) dt=rdt , so

2 : 2r . 2 2
me C(X+Y)d5=fg (rcost+rsint)rdt=r"[sint- cost]g =or°
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-_1 1 ¢nl22 2 2 r[ t sn2 cos2t |72
x =— | x(x+y)ds= = | "(r“cos t+rcostsintyrdt=7 | =+ _
20 ¢ 270 227 a4 4 o
2 2r
r(m+2)
== ,and
8
- 1 1 2, 2. 2. 2
y == [ yix+y)ds=— [ "(r“sintcost+ sin ‘tyr dt
27 C 270
2r 2r
T 0052t+1 sin2t |2 r(7+2)
2 4 "2 4 o 8
Therefore (; ;/):< r(n+2) r(z+2) >
! 8 1 8 .

-1 -1 -1
33. (a) x:r—nf X0 (XY, z)ds,y:r—nf (X, z)ds,z:r—nf -2 (%Y, 2dswhere

mzf P (X, Y, 2ds.

(b) m=[ _kds=k| 5”\/ 4sin “tdcos t+9 dt=k13[ " dt=27k 13 ,

- 1 21 - 1 2m
= k2413 sintdt=0, y= k2413 costdt=0 ,
oy | o (VRS0 y=o R e o et cos

z= 27rk1\/1_3 | zn(k\ll_S)(St)dt:Z% (27)=37 . Hence (x, y, 2)=(0, 0, 37) .

34.

m=[ (Cry*2)ds=| 3”(t2+1)\/(1)2+(— sint)*+(cost)” dt=] " (¢*+1)2 ot

=2 ( g 7r3+27r> ,

4 2 2
- 1 27 3 A +21 37 (27 +1)
[ 2 = =

8 2
\/E ( 3 7r3+27r> _37T3+27T 4 +3
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- 3 T
y= — | " ([2cost)¢*+1)ct=0 , and
2\ 21 (4 +3)

2

S 3 ™ --- [ 3n(@2r'+1

z= — [ 2" ([2snt) (*+1)dt=0 . Hence (x, y, z):< Srler ) o>.
227 (4" +3) 473

35.
From Example 3, p (X, y)=k(1- y) , x=cost , y=sint , and ds=dt , 0<t< 7=

2 us 2 T 2 3
| = ] — : o
« fcyp(x, y)ds=| oSN tdt k| o8N t= sin t)dt
1 . x B
= ékf o (1~ cos2t)dt- k| , (- cos fsintdt [Letu=t, du=tdt— 3pt in the second integral]

[ 340, B (3 )

k
= | o (x y)dsk[ Tcos t(1- sntjdt=7 [ o (+cos2)dt- k] " cos tsint
T 2 . _
= k( E - :-3 > , using the same substitution as above.

36.
Thewireisgiven as x=2sint , y=2cost , z=3t , 0<t< 27 withp (X, y, 2=k . Then

ds:\/ (2cost)2+(— 2sin t)2+32 :\/ 4(cos 2t+si n 2t)+9 :\/1_3 and

| =] 2 (x. v, Dds=] - (acos “t+ot) (k) 13 =13k [4 ( i t+ zllsin 2t> +3tgi|
=13 k(47 +247 )=4y13 k(1467 )

=[] 2 (%, Dds=[ é” (4sin%+9) (K13 dt=y/ 13k [4 ( % t zllsin 2t> +3t3i|
=13 k(47 +247 =413 7k(1+67)

|, =] %0 (x v, Dds=] 2 (dsin “tracos ) (kn 13 ct=4+13 k[ " dt=87 {13k

2

0

2

0
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37.
2 . .
w =/ F dr=/ 0 <t— sint, 3- cost)- (1— cost,smt)dt
2 _ : : :
:f Oﬁ(t— tcost- sint+sintcost+3sint- sintcost)dt

T 1 2
=/ 2 (t- tCOS'[+25int)dt:[ étz— (tsint+cost)- 2costi| . [by integrating by partsin the
second term]

=2n2
38.

2
X=X, y=x ,- 1<x< 2,

2
W =] ? 1<xsin x2, x2>- <1, 2x> dx=] f (xsin x2+2x3) dx= |: - g coS X + —; x4i| .

1
=5 (15+cos1- cos4)

39,
rt)=(1+2t, 4t, 2t) , 0<t<1,

W =[] F-dr=] (6, 1+4t, 1+6t). (2,4,2) dt=] (12t+4(L+at)+2(1+60)
1
=/ (1)(40t+6) dt:[ 20t2+6t] =26
40.
r(t)=2i+t j+5tk , 0<t< 1. Therefore

f1K<2,t,5t> (

0 32
(4+261°)

- k[~ @y ] =k ( : ﬁ )

0,1,5)dt=K ] } —22— o

W = f F. dr=
© (4+26t)>°
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41.
Let F=185k . To parametrize the staircase, let

_ 90 15
x=20cost , y=20sint , 2:6_7r t:; t,0<t<br=

61 . 15 15 671
w= [ _F- dr=[ (00,185 { - 20sint,20cost, — ) d=(185) = J o dt=(185)(90)

~ 167« 10t Ib
42.

9 3 3
Thistimemisafunctionoft : m=185- — t=185- —t.SoletF=| 185- —t | k.To
671 27 27

90 15
parametrize the staircase, let x=20cost , y=20sint , z= 6_7r t= ; t,0<t< 6. Therefore

6 3 _ 15 15 6 3
w=[ _F dr=[ 0”<o, 0,185 ;t>- < 20sint, 20cost, — >dt:;f0n<185 Zt)dt

15 3 o |67 9 4
= — | 185t~ —t =00 185- = )~ 1.62x 10 ft- Ib
A 2

78 0
43. (a) r(t)=(cost, sint) ,0<t< 27 , andlet F=(a, b). Then
w=| cF-odr = (2)7T<a, b)- (— sint,cost) dt
:f zﬂ( asint+bcost)dt:[acost+bsint]iﬂ
=a+0- a+0=0
(b) Yes. F(x, y)=kx={kx, ky) and
w=| F dr :f §ﬂ<kcost,ksint>- (— sint,cost)dt

21 2
:f 0 (- ksintcost+ksintcost)dt:f 0 0dt=0
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44. Consider the base of the fence in the xy — plane, centered at the origin, with the height given by
z=h(x, y) . The fence can be graphed using the parametric equations
x=10cosu , y=10sinu ,

Z =y [ 4+0.01((10cos u)zf (10sin U)%]

2 .2
=v(4+cos u- sin u)
=v(4+cos2u) , 0<u< 27 ,0<v< 1.

y

The area of thefenceis f Ch(x, y)ds where C , the base of the fence, is given by x=10cost,
y=10sint, 0<t< 27 . Then

[ hex yyds= | 2”[4+o.01((10cost)2 (1ognt)%]\/ ( 10sint)’+(10cost)” dt

21 1.
f 0 (4+cos 2t) \f 100 dt=10 [4t+ 5 sin 2ti|

10(87)=807m"

2

0

If we paint both sides of the fence, the total surface areato cover is 1607 m 2 ,and since 1 L of paint
1607

100

covers 100 m ? , We require =1.671~ 5.03 L of paint.
45. The work done in moving the object is | F dr=| F+ Tds. We can approximate this integra
by dividing C into 7 segments of equal length As=2 and approximating F- T , that is, the tangential

component of force, at a point (xl*, yi*) on each segment. Since C is composed of straight line

segments, F- T isthe scalar projection of each force vector onto C. If we choose (xl*, yi*) to bethe
point on the segment closest to the origin, then the work done is

f CF. T ds~ Zi7:1[ F (X|*’ y:). T (xl*, yi*)] AS=[2+2+2+2+1+1+1] (2)=22. Thus, we estimate the work
done to be approximately 22 J.
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46. Use the orientation pictured in the figure. Then since B is tangent to any circle that liesin the
plane perpendicular

to the wire, B=|B[T whereT isthe unit tangent to thecircleC : x=rcos 9 , y=rsin @ . Thus
B:|B|<f sin 6, cos 9) . Then

2 27
fCB- dr:f 0”|B|<— sin 8,0036)- (— rsin e, rcos 6>d9:f 0 |Blr d0=27r|B|. (Note that |B| hereis
the magnitude of the field at adistancer from the wire's center). But by Ampere's Law

il
B- dr=u I. H Bl=-—.
J B dr=u . Hence Bl=




