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Evaluating Line Integrals over Space Curves

14. Find the line integral of f(x,y, z) \// 3/(x* + y? + z%) over
thecurver(z) =t +¢j + 1k, 1 =t = 00,
Sol) Pity=tT+ 43+ ¥R, Wity = T-3» ks [Pal =T 1+r =5,

3 -~ NEN
f[x Y, Z) = Yeyaz Ay _S:(TH“ = entt

+
L) Serads = (%) (B = Tdt = (W (-2))-19), =

17. Integrate f(x,v,z) = (x + y + 2)/(x* + y* + z?) over the path
r(t) =ti+t+tk0<a=t=h

Sol) Ylby=ti+t3+ ¥R Wity = T332 [Pl 19157 =5

Rry+Z treet

Ty, 2)= e 5 TEW)= 3 = T

'. jf(x,y,z)ols :S k )(th) J-SL J‘t J‘Dnﬂ] = V\\\o \v\lod) r\no&//



Line Integrals over Plane Curves
20. Evaluate fc Vx + 2yds, where C is
a. the straight-line segment x = 7, y = 4¢, from (0, 0) to (1, 4).

b. C, U (C; C is the line segment from (0, 0) to (1, 0) and C; is
the line segment from (1, 0) to (1, 2).

o) @) Vi) =17 +41T, whew 0<ECL T =T4T 2 [Pt0) = [T5 8= 17

‘f(x,w:m; Ty =+t = 3[¢.
Sﬂxy)ds = L eRyFe) = 30 L Ed =3 (45 = &,

) C,: V) = 13, whee OCECL Ty =T 2 IR0 =1 =1,

nel =1 =1,

Sooyy={xrzy 5 $Gmy= T : $my = [Trae

.',lﬁxwds = i“f[’“}')o’s+ jﬂwaS = § () a8y + § (JTam) (44

TR B 5 Sl ) - 5

CoVlty=3+1T, whee 0¢ELC25 VI =T

4

2

23. Evaluate /T/de where C is the curve x = ¢? ,V = B, for 1 <t =<2,
cy

SO V) =13 + £ 3574y =247 +3€7 [Ptol= [usees = tfamar,
Stopse s Sm=Bh =1

jf(xy)ols = S (D (t[4-92dt) = [* H;/q:)—]l = %[som-tzgz]//



£)6.2

Line Integrals of Vector Fields a. The straight-linepath Cor(r) = 6i +¢j + 1k, 0=r=1
In Exercises 7-12, find the line integrals of F from (0, 0, 0) to . 2. 4

i : o . : =1+ + ==
(1, 1, 1) over each of the following paths in the accompanying figure. b. The curved path Cyrx(1) = i + £ + 'k, 0 =1 !
The path C3 U Cy4 consisting of the line segment from (0, 0, 0)

10. F = xyi + yzj + xzk to (1, 1, 0) followed by the segment from (1, 1, 0) to (1, 1, 1)

) (@C,: Yi=11+ 13+t

- —

Pty = 1 +3+%.

L

F(re) =1 +t7++'%

Fren) v = t+ 44+ 347

(1,1,0)
ECUTN I 5,2 27|
.-, jF'JV:Sagtd-t = [-f: ]o = ‘//
¢,
(b) Cpr VI =tT +tT+H% 5 ity = T-2T 4%,
= 3 7 8
FCri) = +'1 1 Ttk \ (viy) viiry = t+2t"+ 41
NEEN | 9 ¢ | ,
... SF'(JV:SO(T?-"Zt +4Tg)dt:[%+ﬁqi %—]o: %_‘*T_‘-r %;:. ll_-;"/’
Cy

(€) Co: Vi) =t7 +1T wha 0¢t< 13 D)= 5 F(T?;(’c)\ =17 Fr). vdw=1

—

Cot D =T+ THER | whae 088< 13 v 11)=¥.
= . N - - .'_A’_\ _,
FOL) = T+15+ tk s F(nw). o=t

VRAP TR AR JR, = tde ke = (8,180 -3

[ )
‘\"—2' = —
ca\’cq— Gy

/



Line Integrals with Respect to x, y, and z

In Exercises 13-16, find the line integrals along the given path C.
»(3,3)

15. / (x% + y?) dy, where C is given in the accompanying figure.
Jc

0,0) (3,0)

Sol) Cps Bty =17, whne 0st<3:dy=0
Cor vty =3T+ 1T, whue Ostssidyzéﬁ.
'f(X;y) =XL+\/1; SGe) =9+t

-'.Scﬂmo'y = jc\ﬂxwo'; ' jc:f("'ﬁol)/ =0+ §,3+ 194t = [%+5], = 3¢,

Work
In Exercises 19-22, find the work done by F over the curve in the

direction of increasing z.
20. F = 2yi + 3xj + (x +y)k
r(t) = (cost)i + (sint)j + (¢/6)k, 0 =1t=2m

Sol ) C: Flt) =(pos 13 +sin DT+ E)E, whae Ot cam 5 T I)==Ent)T +leost) T+ TX.

E(?(t)\ =LZ sint)? *(3cost) T + (cost + sint) K

—_\

F (¥ i) ¥ty = ~2sin't + Bcos't + g lemt +5in t).

S Work done by B =TT = 5 (250t + Foost o flomt oo 110t
c

:‘_2 t_sin2t\ ot Sin2t Loy m:_
L-2(3 ) 3(3+=5= )+ (sit e t)], »




Work, Circulation, and Flux in the Plane
In Exercises 31-34, find the circulation and flux of the field F around

and across the closed semicircular path that consists of the semicircu-
lar arch r{(¢#) = (acost)i + (asint)j,0 = ¢t = 7, followed by the
line segment ry(¢) = fi, —a <t = a.

31. F = xi + yj
Sol ) V1) =(@ cos )T + lasint) 35 V(4 = (- ousivt)T +lovcost) T

= == = o KN — ;| a 2 N
F( () = (OL cos )3 + (a SInT)j : \-[\f‘[t)).’?‘f[_t) = —Ocost gt t A St cost=0

.. Cllrculai‘fm o»lovg ';. =0

o g:((acost)(awst)—(asint) L—as.'m)a[t - Sga‘dt —

Fwy = 3 : Flm) 7w = +

C- Ciralatio olong 7, = Jatdt = [£]7 <
Flox along T, = S:((t)(o)-(onm)ﬁ =0
Total ciredlation =0 T0=D,

Total Fux = Ta*+ 0 = o',



Vector Fields in the Plane

45. Work and area Suppose that f(7) is differentiable and positive
fora =t = b. Let C be the path (1) = 6i + f()j,a =t = b,
and F = yi. Is there any relation between the value of the work

integral
/ F-dr
Jc

and the area of the region bounded by the f-axis, the graph of f,
and the lines = a and ¢ = H? Give reasons for your answer.

Sol) Yes Ly the ’S:O\li)wllnj clajg, -

Claim J .43 = § fwdt
C

Pregs) C: Tl =t3+FI)T: vt =3 W7

FFw) =TT Frm) 7= i

“. LHs=JB-dv = 2 5t0at = Rus.

Flow Integrals in Space

53. Flow along a curve The field F = xyi + yj — yzk is the
velocity field of a flow in space. Find the flow from (0, 0, 0) to
(1, 1, 1) along the curve of intersection of the cylinder y = x? and
the plane z = x. (Hint: Use t = x as the parameter.)

SO\) Le‘t )(:'t 5 -ﬂ’l—eM/ y:_tl" z <t
s —H'V’ cove of \rtwrsechion s 313/% L)/

Yiy= ti-t5+ t8, whue 0$t <.

[a\]

X

VIO =T+ 2tT i PR =5+ 17 - L Fw) vey= 8+ 24 - 08 = 248,

: = (a ! - A ) B
U Flow = {9 = L20k =[], = 5,



