
16.lt/6.2-
Line integrals and Vector fields

The big idea :
- - - -

-
-

parameterized curves all, - us to t.lk ab. -1- paths
e.g. path of apvtiderltl msn.to-e- ti-e

-Each ti-e C- specifies a ps.si/-io-vcd=rr(f)

#÷÷É÷¥÷;
-

✗

II ¥5 .

- Line i -1-g-
ds : Make see d-integr.l-irg.fu-cti.fx.ge) over p

-tis
.

Might e-code so-eth.ieiag-eri-g.fi
- I

µ•° Ex: arc length Flaget)=\ pwn.

-
6

• Jftayoets =/ HEED .IE?tj/jtorientation me-' if a
Corditestst-

pid.cl?.+r.-z-d-i-.f'P'

a

1. tr
'

(f) Idt
f- ID ,

spec
? -1 "
" t

arc µ
is i-cm-sijskn-i-gorio-t.at?.To-eisp-sit.H ,

since

9- "

E.tie- negative
flay it

=\

front-JL



• Ex : work
Rec-11 : work =

FIU ←
distance

•€0
c

Horta
g-rutte

to

•see

lftxiyie) represents a force
-

scakrf-d-i.tv/-rihtepe-tupo-
"
vector field

"

#cngsfn-i-er.Y-oti-f-lt.y.zts-ifbfcr.lt)) . / F' (f) Itt
d

r Ex :
Flux



line-Item . - :

Basically fuse as a-depth

curve c
fueled )

Mrs.ts-KYi-ydtrii-n-s-o.ieF

Are- = Jfk ,g) ts

choose
c

part
→

ran = f
'
artist -trail .tt
° scolar.tt#

" so long as •nrp-r-etria-tio-srlt-gctl.ithltjj + RA
)Ñ

It g ,
h
,
o -
d Kare s-shh functions

( at
least.fi#ara-t.ibe) ,

This - arks

E

Integrate ftxiyit
) = x -3g

>

+ 2- out he lieseg-i-tcjoi-i.tk• rig
"
-
to the pit 11,1 , 1)

E.c. Tuesday
: c-

fi-JP-rm.tt#d-i-

ft
(y, ,

g)

µ.☒J I - ••
c-=\

←µ
at>=ñ+t"*÷¥¥÷→ ,

a
"

⇐ logos +
c-Hii) -10PM

= t 11,1 ,
1)



Now mean integrate :
,

fflxiyzsts = Hilt)) - fifty dt

c

+"
i" =/

'

flt.t.tl . / 11,1 ,
1)Idt

gun
= 0

=

fjlt.se?-t).rtl=fgfj2t-3Ett
shared--

bi's

t

= 0 •ER =L is a

- t rent ---be -

same properties as regular int'$Ñ
:

belongs to

① Lise . - it-1 .

Its c-RI
,
f

,g
are
f--He

µf+gts= tfftstfgtsc
②

Do-m.la/-io-cIffl-cy,e-)ZgC-.y,z-)f--rl(xcy.z)fCf,ftsZfgts



③ Affinity [this is why c-nesneedo-ie-tt.si .)

a bµ
.ymHTstB :

•→b
-

fbaftx> b- = -f%x)d× •→-• +

6 a

If c = C ,
+ Cz ith-

th book : c=C
, Ucz)Ht puts - isses

Jeffs = Jfts tf ffs o-i-kt.si.

C
, C2

•É•-⑧É c- Cats

.→ETÉi-i-s.to
att

, Hey
St bit. - trig

!

-F- tv-sd-pr-n-et-iz.fi
,-

I. ⇐ Ht
)

•
¥ # it-ti

r Note :

•

to
c + 1- c) =ofa a

fabffddx + H¥x=Jaflx)Jx =]



sane f-d-in flxcyit) = ☒
- 3yZ+z o -v

C
,
1-C2 :

µ • Ciii
)

( notice
: some started
est pits asbefore ,
b-H.4-tn-tp.nl ¥xyairs

+
-

F. A) =ñ+
1-(8-8)

so / n ! =p,op) + flair
-""D

NI meet 2pm- si. = Hi , !"

C
,
: F. It)= ti + tj = ftp.o)

o Et El

C2 : RICH =
I + J + tÑ = ( I , I , t)

a- C- C- I p:s
additivity

⇒ Jfdg ! J Fts t f Fts
C. 1-↳

C
,

C
,

=flt.t.br/lhlps1ttp--Jtfll.l,t1./C99D/tlTuisis--t-
0

☐ ,

fu
art
"

gyy.gs#pirt!=f'lt-3Et0)-FddttJjli-3+t).1.Hi-te8rrtrr4o

wire ↳
=

-Iz - Izcon



l6ectFidts scalar line

Nov
.
. .

where to interesting functions 1-v.hfegnte
Co -e from?

E

Imagine a
Sui-- er Flt) in the ocean

aint a lazy ri-er . lurk)

we a-t to -del the energy
done by the xeno- hi- .

In water
,

each po.tt toy has -atrfb- i-y
in adirection : ' ' attach" avoir to eachpoint

to represent this cure -1-
g- rettig takes

Y a)
"

→

→

d- tauntsp.it → Y

g-
→É → #⇒→

→ :# o
-⇒

¥ →⑤
w-dpr.su,
these seats .

I
% ? Has

°

ftp.t#-i-:¥"¥¥¥⇒¥ i*÷
once-- lazy river

These are uecto-f.rs Étxiy) .
For erch (+ cy) coordinate

,
-aeattneh a vector

F- lay> = Mlx ,g) it Nlxiy)J
N
,
M o - e scalar f-d- ins



vect.rf.ie/JFlxcy.t)--Mlxiyit)itNl-cy.e-)jtPfxcyi-Ñ
"

Every aol.H-evcdzlx.pt) gets
nbrecto/ (M ,N,P)

"

• É isc-n-tio-sme.rs M ,
N

, P freak of

which is a

scrtrf-nd-iifa-eoyeo-ti-o-s-T-istiftero-it.ir#.me-sM,N,Pollbo-
ftp.rtobl.E-IF-xityiF- = - yitxj

µ xpF r T k

←←ÉÉ→± f.it#-E.x← 1-
v.

→

← ¥ I 17 t

it → →

e-
""
→ É=¥;fyi*×i )

Connor/-1 . . .

Pit

•Force fields (gravityfink ,
electric felt . .), É g-

- vecb.ci/-yfidd1-ate--d-it-hftj#-?i-pop-
Hi

.-=.-
rut

.
Gradients is →→

t



DCI Gradient
If a scalar

Edison ftxcyit) is fritter-Hable ,

then He grfield off is
all Jeriutit

☐ f = ¥, .it?jj+zgzc--hi-sinfo
"del
"

. -

"nation
→

"→ifiÉ←
"

a-abyo.ae
d-÷
"

• Direction of pflxiy.at gives
direction of

"
steepest asset

"

g-flx ,y,z)

-Recall 21A : dentine
positie-inc-e-sext.gov

ft)

µµ
""

negntie = decre.se ✗ t.gr . - ft)

HE -1

f-
'
G) F' fx)

. Magnitude of Pflag, z) g.
'
is

"directional derivative
"
d- 1-4- direction

•Ifya- mu-e in 4-hut direction ,
Lo- fast will

you go ? ft)

[µÉ-⇒=s-dinette
1fp×

(oimdlcl
- ye)

large =¥¥µy1biydT
)



g) = to - ✗
2-
y
'
• f

7ft , y) = 2¥ it Fyi
= -2x i - Jyj • Pf

÷E:÷:÷÷¥÷.
• NoHice : Tf is alwayse- perp-diet-

to level setc.ec
.

pf ( if-e -one ok, levelset ,
y

Y
1µW" no change in ft

=) All part-4 dignities÷÷f÷É← . a-C 0

7 g-
A ⇒ yf=É

→ a
t - steeper -like

= bigger 10ft



Nor ne time vector fields .

Hor do we get i-ttest.ly/usef.ulscalrf-cti.-atsi-teg-ok
÷

positive

[
→⑦→→\

,

É→¥ *:-#
*

¥→F→, c-r-e-tsr.tt
gin- speed)

0É
[ lazy

tourdoesit
affect? )

Needs.net ' -
'

-3 t.it negi-ie
pairs of ¥-→F Is -b-⇒ agist

turns vectors at peut -1
cr-e-tjcoo-diu.tlto scalar nearly

tri picture
⇒Dd-pr-d-otatevryps.tt

:
¥

tea

Det: line integral of É
• → T.e.io
→¥

Let F- b-e.a continue ,
vet.- field o-J

→
→ ↳

C as→ d- he --e para
-Aerial by flt)

in H-ei-tesg~lof-F.to# is

C

&E -di ⇐ {E. ¥3s =p ¥ .

Evitt.-Not

c r



É

Flay it) = E-i + ayI - y
' Ñ

A

C : Elt) = t
'

i + tjt JI k

o E tEl

Fi
-
d [E. tf

s°¥µ) = FT E. t.fi)
= It it tsj - Eti

¥ = 2T it j +¥ ñ

fE. it = J
'

EKITI) . d¥ it
0

= f.
'

12I
"
+ t
'
- It
" )

= ¥


