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1S Curl and vergence .

Pefore  intmduciy curl and diver gerce, we need o infroduce tha
oper otov  “del " , V. T+ Hakes a drffaa\ﬁable -ﬁhchon mulﬁP!-c
vorisbles ard produces  jts arod'en*. S, Y= gred {= +%§r%§.

H e nofien of an cpeatse U confisig, You alr Know multiple
exampls  Ydx iy an operatoe  frat fokes & f:vjchm fx~ and gives £,
A matrix  take a vector and gives ancthe, vector Vie. left mu lfplhiatim,

Curl

Let B =<7, a,RY we a vechr fnlo\ or R} ad assume the
parial  deviiatives o? P, 0, R all exist. Then we dtfthe ‘e

wrl of ¥ oon R by

- 'ﬁ A P A 9 ~
ol 55 )1+ - B)-(28-22);5
Nele that o we wete he del operetor as V> %1 “%_33 Sk,
ten  we  can  wite Hhe curl & F o Y »fwm\ Coss  prvduct

corl B = 9XTF -

oYY <«
L% | inald

Banple 1 Find  the cunl of Flyaad= x*y2'§ j"z"i

Slaties |~ -
curl ¥ = NV Xﬁ =

--‘:%j(\j" 2%) - 5 O3y )]'{ - %x(tf‘*") - 0]:)‘ *{%‘(x}f)ﬂ"]ﬁ
= (4\3323 - 7.2332]1 —0f 3x’31"l\2

'&ﬁn.r:s_."‘ Tf ]tb) o fu nction e-f 2 variaples wth Cantinuous SCCODA’
ovder Qov¥ial  devidatives, Yhew

curl (Vp =0
Paf  We wate sur Ux(Vf) ond use Claicaut’s Theorem.
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Nake Since @ Conser vafive  vechy Held F hog s;tw—f
Suda  thad \'-L"\'lf, Tre  Aheorem  says  that f F 0
Conser Vative, Yhen curlF =0, Ry example, the vechr ‘Fﬂ-\d“\
Example 1 U nt censervetive Yecaute curl F 40,

The  converse U not true Iin 3&»«&‘, bt there Yy o Cose
wwere \t s,

Tesem Tf F iy a vechr field defined on an open Simply-comnedel
region in R, ard if e component functons of F all have continusw
portia)  dexivattvd ond curl F =0, then F O conservatiee.

Remark Tf we write Flgy)~ Flx,y,0), then the Themen

'{:br £ U seen o5 o speusl  aSe of hs one. N

Extomple 2 '\)dc?sm whether ) Conse rvefive; 1f i+ 15, fmd f
sudh et Fr Ul eere Flyyr)=< M7, xz e, xyedr?

olutiim  Notie Hat F O defmeo\ on all u‘P ﬂi“, So We rreed
0 check curl F=o. 'Ihc\eed,

curl F = OxF =(sz % ¢ xed® - (xy2e?  + xe?)] 2

[ yet -yes*]3 2 [2e¥ 2] R = 0.

Now -fx= 631, -F»3= xze?’% , {:.;- Xjejz, Se.

fiugi2) = xe¥ 4 gly2) > L= xz2e?® v g yn). Gmpain
witt  fy abeve  Shews 9y =0 = gly2) = h@) Now,
{(""jﬁ) Py Xe}j? +h(z) = r-;. = Xje‘ft +L\(2). A:Dau (..-.\oc.'nj Choove
hiz) =0 = k@)= K. S 'fu,j,i-) = xe’® * K.

N\'\j e wame curl? Guen o vechr fre\c\ F oad o point

(4y2), Curl Figd) s 6 vechr fhat gues the x5 of ot of the

velior f\f-‘d netr (1.3.‘&)- Iwrlﬁ(x.‘jft)l represents how qﬂd‘\\)

pachidd)  pede  ddoowk e  ast.

Dsm;:_,u‘

T F=Pi«0%k «Rj3, we defme  the divecgerce of F
o F - 2% % -

Nete While curlF O & vechor Fie\é., divF 4 & scalar ftdd
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Bample 3 Fid  diy F. uhere Flyya) Py § e yitk,

Solution - s
2o 0B = 9 F =Blo) « ’35()(33'{‘) "%—1(‘_‘)4 &)
= x*3* o+ 341",

Th the  (ondexy o{l -Fbuw\ -Plou, d'\\l?': represents the net

Vole “F charae of Yo mass dgkoclu.\d —Flowu_, ‘fnm e Powt.
A Pestive dive Sayr net 7010\..1 4 owt ward, and

a M’ﬂahw d‘cvc/rje.nuz Says ta  pet -f\.wd 9 ints "lhpqn'f.

£"°‘&P.‘e 4 Let f he o Scelor ‘F\tld, F a vectwr ﬁelo' Stele

whethe,  eath expression U meani Fa.‘. H v u, stk wkether
W U e salar or vedor feld.

©) grad(div F)
(b) Curl(Cu.rl (\-'}) )
© (9ead §)x (auF)

So!u‘hOn

@) rhean‘mﬂ-?\A\ — dv F U e selar feld, so we can +ake 3\“00‘@4\”;),
whid- produces o veckor ﬁehi-

) Ne"""'j{:“'\— curl B O o vector f‘:clal, So we Can Yake curl(ud 5),
The result U o vechy frld .

) memirgless —  div F b e scalor frld, So we camet Hoke Ha coss prduct

B{a:_gcs ASSumB Fhe o?pmfna—k parhiel derwefves exist and ane
ConBinuous, prove  Yhad dw(f?—‘) ko fdivﬁ + f:'ﬂf,
where f\"’(x,g,%) 2 {U.g,z)i":'(x,\j. 2).

Sifiatine - Weik - B S <058, Them
dw(—fr:)= dw((f’ﬁf@,{%)
> 5x(fP) + Bylfe) v TmlfR)
- PH B oW B PR
R0 2) - (b2 - 0 3 LK)
= L dvF + F.of
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Vechsy «fvn of Greens Thesrem

With the potaton and c.ssu,.?hw "Fmvu Greens Thesresn, e can

T':aﬁrd ﬁ"'<(l), Q7 a5 a vechy f%dd on B> wik 2- Comprrent 0.
oh

- ‘i SQ oQ 2 “~
wiFolg g8 | <& -%)N
Py QL) ©

- A adP™ 90
Thes (cmlF)-\e—-(ﬁ-%g kho- —57'%5, anal Wi

£ “.:-d? ’Q(Cu.r\ﬁ)'k dh .




