








































































































































16.2.3 Findthegradientfieldofthefunction g xy2 e in1 2 3 21

Evaluateeachpartialderivativeseparatedly

8 d e Inx2 at

my

chain

s

se

o p's g p aye
chainrule

o p's od x ay e 8232 0

combinetheresultstofindthegradientfield

9 easy i y i seek

16.2.4 Findthegradientfieldofthefunction g xyz axy syz axe

8 of axy syz axe 81 od axy syz axe 8 I axy syz axe
ay az ax se sy ax

g ay az ax sa i sy ax k

6.2.7 Findtheline integrals of F Yi taxi 22k

from 10.0.0 to list is overeach ofthe followingpaths

a Thestraightlinepath Cy ret ti t ti t th often

vectorfunction F Yi 4xj 22k
a r t ti ti th o t 1

F r tsince x t y t z t ti 4tj atk

dr d
dt de r tI t at atk i j K dt

d
de ti ti te

f t ut at de

I tdt
E
z o

7
2

Vector Fields and Line Integrals: Work, Circulation, and Flux.








































































































































b thecurvedpathCz ret ti t Ej t k often

vectorfunction F Yi 4xj 22k
Cz rt ti t t k o t r f ti Ej t k

since t Y E z t z

ddt rt

Fr t i at at'k

I E at at k i at at'k de

I E 8th set de

I at st dt

3 to

4

C ThepathCoucy consisting of the linesegment ooo to i 1,0 F yi taxi 22k

followedbythe segment i 1,0 to i lil

ForC theparameterization of pathfrom 0.0.0 to 1.1.0 gives
t o i ont i o i ont j o coont k

ti t ok

since x t y t z O F r t ti at 2ok

dr df ti at ok i j at de r t

g ti ti ok
fo t ut o dt j o

f stdt
st
s
2

forCy theparameterization of pathfrom iii o to i lil gives therefore Cz Cy is It 1 22dr dt ath est i n th ist o i ont k at de r t
i j th at i j th

o o n
since x y y y z t Fr t i 4 2tk

go 45 t

at oo o at a

d f ztdt






































































































































16.2.13 Findthelineintegral alongthe given path C

x xdx where X t y at 8 for o t 9

x t thendx idt substitute x t y at 8 anddx idt andsimplify

x xdx L t at 8 dt

f sit 8 dt

I sit 8 at
4t st

492 sa

396

16.2.13 Findthelineintegral alongthe given path C

x y dy c isthepathfrom 0,0to 1,0and 1,0 to1113

ca o.oto i o Cz 1,0 to is

then f x y dy le x y dy fax y dy

for a y o dy o

so L x y dy o

forCz e x I o x 3

so f x y dy
ca f n y dy

I n y dy

y Y

3 j
12

so f x y dy le x y dy fax y dy
o 12

12










































































































































16.2.19 FindtheworkdonebyFoverthecurve inthedirection ofincreasing t
F 3xxi zyj 342k rt ti t tk o t 1

x t y t z t F 3 t.fi 25 3 t.tk
35 2 2 3 3

r t I ztj k

35 2 2 35k i ztj K dt

I 35 45 35 at
4Edt

4

I

6.2.23 Evaluate foxyax x x dy alongthecurve y 2 2 from 3,18 to 2,8

Xy xty

Parameterize

let x t y et

it xy
M 213 I Xty

t zt

3 t 2 x limits

day dat 4t

Sexyax x x dy xydy x x datdat

I 213.1 It 25 4 at

213 412 843 at

1013 yt at

lot 44

104 4s 104 4 838 333 8 3










































































































































16.2.31 findthecirculationandfluxofthefield F 2xizy aroundandacrosstheclosed

semicircularpaththatconsists ofthe semicirculararch rice acosti Casing o t it
followedbythelinesegmentrect ti a t a

F da dt Fa dd dt

Fa 2xizyF i 2

pasint for 0 t2acostli

It asint i i acost for a t

ti for a t a

F d 2acosti casing aging ago

F t a

ati i
zarsintcost za'sintcost at

1
o

f atde E a
a la az az o

F daIdt I Fadd de O circulation

Fluxofthefield F mi niacross C

M 2x N 24 Mz 2x Nz Ly
2acost 2asint It o

dx asintldt dy acostldt o t it dxz Idt dye 0 a t a

Mady Nndx I 2acostlacost 2asint aft at
1 zacos't za'sin't dt

g

za cos't sin't at

za't to za't
za'tJ
za't










































































































































6.2.45 Saltwaterwith a densityof8 0.2591cm flowsoverthecurve ret ti 3tj o t 4

according to thevectorfield F Ev where v xyi x x is a velocityfieldmeasured
in centimeters persecond Findtheflowof F over thecurve ret

F EV
0.25 4 0.25Y X

F r t 0.25 t 3ti 0.25 3t t
0.75T ti o st 0.25 t

dr
de

ddt t i d 3t

dr
de 2 t i 3

F r t dr
de 0.75t ti o st 0.25 t z i 3

ont t
at 2 at o s t

2625 o s t

1 2.625t o s t dt 17gramspersecond










































































































































F 4xy 3yj 2k isthevelocityfield of a fluidflowingthrougha regioninspace
findtheflowalongthegivencurve ret ti taj k o t 3 inthedirectionof
increasing t

413 342 2K

is t s

i n

g g r t
495

Fr t dr
de 45i 36 2k i zt

413 643
1043

6.3.1 Determine if thefield F 1642 16 2 16xx k is conservative or not conservative

Let F M X YZ i N X YZ j P X YZ k be the field

F is conservative if andonlyif

16x I 162

g

F 16421 1621 16 4K is conservative

21 16

164

164

6.3.3 Determine if thefield F 8yi 8 x z 8yk is conservative or not conservative

M 8yi N 8 X Z j P 84k

I thus F isnotconservative
2N
22

Path Independence, Conservative Fields, and Potential Functions.






































































































































6.3.7 Findthepotential function f for thefield F 4xi 4y 92k

If 4x If 4y YE 92

Integrate If
4x ax 2 2 g y z arbitraryconstant

f 2 2 g y z

ii

If 2 3 4

integrate If

g

h z arbitraryconstant

242 h 2

Join F andg
f 2 2 242 h 2

Partially differentiate YE

Ji Ji Ji az

integrate If
I 92dz iz
chiz c

Join F g and h
f 2 2 242 922 c








































































































































16.3.9 findthepotential function f for thefield F e z ax sxk

16.3.13 showthatthedifferentialformin theintegralbelow isexact

Thenevaluate theintegral

4 a s

of laxax 16yd lozdz
thedifferentialform Mdx Ndy Pdz is exact ifandonly if

use

M IX N 164 P 102

O
y
I O II

g v
thedifferentialform laxax 16ydy 10202isexact

Yo 3 o E

f x xz flaxax 6 2

gy.zgy.zflbydysyzhzhzfioz.dz

522 C

4 a s

f x.kz of laxax 16ydy 10202 6 2 8,2 522 c
s

o.o.o

253














































































































































16.3.23 Evaluatetheintegral fy Yax xdy 4dz byfindingparametric equations forthelinesegmentfrom4.2.4 to 8.4 i

andevaluatingthelineintegralof F Yi x 4K alongthesegment sinceF isconservative theintegralisindependent ofthepath

lineintegral F Yi x 4K
XiY z 4.2.4 dx udt dy 2dt de Sdt

I

t at a a

xz.xz.az 8.4 I at 4.2.4 t o
parametric equation

y
at 8.4 1 t I

i F r t Yi Xi 4K
at 2 i at 4 j 4K

it

y
St 8 St 8 20 dt
16T 4 dt

8t at

4

6.3.25 showthatthevalueoftheintegralbelowdoesnotdependonthepathtakenfromAtoB

z'ax zydyzxz.dz

Comparetheexpression Max Nay Pdz
M z N 2x P 2 2

02x 22

gig o0 22

therefore thefunction F z'ax zydy 2xzdz is conservative
so itsintegrationispathindent

I z'ax zydy zxzdz o y 2x
B

A

xz2 ya
B

A












































































































































16.3.27 Find a potential function for F

F 21i 19,12J xx y o

M Y i N 10,43

ZE Y If 10

f xx Ydx Y gy x2 y t yay2

If gin ice
Y

g y 12
9 y dy

y
10 I
toyi

f xx Y ly t c

f x.kz I 6 2 8,2 522 c
s

no
laxax lbydylozdzo.no

253

16.4.3 findthe k component of curle forthefollowingvectorfieldontheplane

F xe i aye j

aye II xe
aye xe

16.4.1 findthe k component of curle forthefollowingvectorfieldontheplane

F x Yy i axy j

2194 ITx 44
94 4

Green’s Theorem in the Plane










































































































































16.4.17 useGreen'stheoremtofindthecounterclockwisecirculationandoutwardflux forthefield
F sx y i 24 x j andcurvec thesquare boundedby x o x 9 y o y 9

Fluxdivergence

findITand I
II 8 4 If 24 x thus I110dxdy f lox ody

8 2

1990dy

a
904 810 Thefluxis 810

CirculationCurl

find II and I
2N
2x 24 x I sx y thus ffrodxdy thecirculationiso

I 1

16.4.13 useGreen'stheoremtofindthecounterclockwisecirculationandoutwardflux forthefield
F y 5 2 i 5 2 y j andcurve c thesquare boundedby y o x 3 andx x

y2 5 2 5 2 y 5 2 ya ya 5 2
lox zy lox zy

Fluxdivergence circulationcurl

If lox ay dxdy

integratewithrespecttoxfirst integratewithrespecttoxfirst

If lox ay dydx If lox

zydydxg.gg
I loxy y jdx I loxy y Idx

iI ax'dx I ax'dx

81 81
















































































































































16.4.25 findtheworkdoneby F 4xy i 7 242 inmoving a particle once counterclockwise around the
curve C theboundary of the triangular region inthefirstquadrantenclosed by the x axis
theline x 1 andthecurvex x

Circulationcurl

7 242 4 43
1442 1242
2 42

fo 2 42dxdy

integratewithrespecttoxfirst

I Yzxy dydx
I xy dx

0

I x dx

3 x j

6.4.29 UseGreen'stheoremtoevaluatetheintegral

I 24 x dxdy y x dy c Thecircle x y y z z

2

y x x x

7 2
5

115dxdy
sinceareaof acircleis a5 2T andraise a a

lot

















































16.4.34


