Standard 17 Fundamental Theorem of  Line In’regm\s

fundamental Theorem for Line Tategrals

Recoll from Colculus T We fundamental Theorem of Calculus, §2 F'uody = Flo) -Floy.

fundamental Theorem for Line Tntegrals
There is a vevsion of tis for certan vector Relds, Suppose ¥nat € is o smooth curve given by #16) ,a¢tcb and that £ is o function whose

gradient vector, V¢, is continuous on Se VF + 47 = F(71oN-F(710)) wheve #0) is e intiol point on C and  #0e) is e Final point onC.
d d & d
proof. S¢ VE-d7 = s TRews-#wde=Io (383 553 %ijf Yt = b dECrpendde ¢ FL# ) - F(Z1a). 4

Evaluate gc VE-d? wheve Flxy,z)= costmo ksinlwy)-xyz ond C is any path ¥nat starts ot (\,'2,2) and ends at L2,1,-1).
note: the specified poth is not given, but it is not necessary for | His problem only #la) and ¥1p) is needed.

Definitions

Suppose Hat ¥ is a continuous vector Field in some domain ©.

1.7 is a consevvative vector Field if tneve is a function £ such ¥at 7= 7F.

2.7e function £ for a conservative vector Field i called a potential funchion for the vector Field.

3.5e7:d? s independent of path if Se F-d? = Sc‘ F+d? Por any two paths C,and C; in D with the same intial and Final points.
Y. A path Cis called closed if its initia) and Final points ave the same point.

5 K path C is gimple if it doesn't cross itself.

0. A vegion D is gpen if it doesn' contain any of its boundary points.

7. A vegon D is connected if we can connect any hwo points in the region with a path that lies completely in .
8.n region is simply- connected i it is connected and it contains no holes

Facts

1. S VE-d? is independent of path

2. TP ¥ is o conservative vector Sield ¥nen Se F:d? is independent of path.

3. If Fis a continuous vector Field on an open connected vegion D ond if e Fed? is independent of path then ¥ is a conservolive v.f.
u. T Se¥ed7 is independent of path Wen e Fed# =0 fov every closed path C.

§.TF §.Fed? =0 for every closed path € Inen Se -d7 is independent of path.

Conservakive Vector Fields £ Potential Funclions
Fact 2 gives us an easy woy to evoluate e Vine integral Se?-d? using a potentiol Punction for 7.
tneorem. Let F= Pt Q3 be a vector Field on an open ond simply-connected region D. Then if P and G have continuous Fiest order

porhal derivalives in D and %qt=%% , e vector field ¥ is conservative.

Determine if ¥ne Following vector fields ave conservative ov not.
(o) ?l%,\l)= GEOT (x|

(o) Fuxad= (2xe™ rdye™)t ¥ (Pe* 12903

IE Fis o conservakive funchion then a potential Funchion exists. Te potential funckion s £ st. VF=%§‘E*%£~|3 Ptra%=F.
This is eq'uwa\en\- Yo %fi =P and %% =0 Which we can sole by integrating: Flxy= SPxwde or Py =S Gl dy.-



Determine if the following vector fields ave conservative and if so, find a porential funckion for the vector Field.
0 £33 W e T ¥ (23 03 () ?(m)= (Zxe™ £x*ye™OT + (Pe™+2y)3

use_'second one:

verify by TF:z/¢ 20N bx, 2P Ey 2 = F

We have no woy Yo determine if a 3-dimensional vector field is conservalive,but given a 30 consevvotive wf., we con find a potential Funchion:
) 2f 2f -
VE=axit

SyIt e = Pr 1O tRE=F
Find o potential Punction for the vector Field = (2xcosty-22)7 b (3r2ye? ~xlsintyd) ¥ Litet -Lx2®) §.
| use this one
integrale with respect to 2
difFerentiote. wl espect Yo x § | set equal to P
tegrate porkial
Pug gy into Flxy)
‘m’fesm’ce. with_yespect fo { sek equal 1o G
integrate parkial
PG Nl inke Flxy,2)

Evaluate Se?ed where F=(2:84" 101 (X" t¥)j ond C is given oy k)= (kcostne)-DT + sin(FYJ,0ct¢,



