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§radiewt=

Gradient o(} scalas gido‘

Scalar fiedd  $ay is differenbiable ot x

{ Hae exisly o veebor gielol VéeV sueh Hiat
\¢(5+b) = ¢+ Vb(x) - h + Il ]
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VeIl a iu o irechou e(. 3ﬂCf&b‘W3b

Dicechonal derivahve (Gateaux operates)
Dyd)= & d(s+ei)| = Ve - &

%Pr@emﬁakouog Hae Sro.olie.wt v %o.ww. iel
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Gradient of o Ved'of}ielo‘
A veckor gie\ol v)&V is o\ig_(evcm\-nb,bk ot X {g

Hue exishs a kensor gielol V™ )€V such Wat
V(x+h) = V(x)+ Vy_cx)h + o(lnl)

‘03 Tay les equvwiou of ec’uivaleuwj
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Vv u -OE!O_(-FG_U})‘G,O gor al uedV
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M wwu\" vecl—or _42= “k?;u at X R e.)



we have Ha (-t C.omPovu.ux'
Vi(R+ed)= vi(Xreu,, X, reu,, Xteuy)

d s .0y 2V ’c)v. CIH _w
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Def: To auy ¥(x) &V we amociatt a scalar
gtdd Vev calld Ha oln'veroemcn of v

V-v = tr(Vy)

lu frome L€} with v =vine; we have
l?ol = tr(Vx) = Vi,L
f V-v=0 a S’_\clol is solewoiclal of oliveraou «

gcu.. f vis o ol?splo.czmi- or veloci by theu
V-v s related ‘o (rak og) volume c.'na\n%.

Diver%onc.e. og a tensor {ield
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s.Ce»\o‘ VesS EV called Nee olivefaevnu og 3
\(v'é)°9_ = V*(ng) I;ef all &V
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lu fmme ieéifwiﬂa §=.S,J- ei@g; auwl a-a.e,
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subsh "u\—iws
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=S o =

U.J (S.JU c) (leu)

\p:) He acbitrasywon a& we have

V-5= sﬁde

Graolieut & Dvergence ?roe‘wd’ ruled
bR, vEV, seV

V(py) = vV +$ V.v
V-(45) = SVb +4 V-5
V-(gy) =(V-3)-v +5: Wy
Vipy) = veve + ¢Vv

Nole: Lawok ieAeme 'S 3mo{iew£ .



Exawmple: V-(S¥) wole S$=S amd v=vix)

C‘(X) = -SCé) v(R) ﬂ&=S.J. V‘:
V-q=trg)- W ($UV°)'J
= ve t S v,
J! AR
(V 5J) g.V! v

Example: V(¢v) = (4vi),; 2.
(4>, v; +4>th)6 6e;
= v; ¢’d e8g +¢ V- 2.®g

"
=voeVeé + ¢Vv V

Cu\;l. of. o vector giclcl

To auy V) &V we omoelak awothdJ
veckos ga‘e«lol Vv O‘egiwwl by
(Vxy)xa = (Vy - Vv ) g\ _F)ra;“ acV




Here wW=Vxv s He axial veckor o{,
T- Vv - V¥ = 2 skew(Vv)

\v iwd ex vetalhown

W) = : eij\( Tiw =il.€id'l,< (M = Yie,i)

=3 (esu Vi~ ik Yo ei‘jk“euoi
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ExPliciHD: Vxy (Vo - ¥ e, + (Vs - Vs Ve,
v ~ Vi) &5
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lf v s o.veloc“:j ?ido( Heu Vav

meanres Het auaw(m’ Ve»\ed\'b.



lg VxVv=0 = v{K)is icvo\-a\'.‘owavcowsetvah‘vz

Turlu wecaun show

VxVé =0

Heis gollow.s oD

owol

V- (Vxv) =0

Vx V¢ = Vx (43)2 -e-l;) = eijk(¢li))k .e.d
=€k ik e
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= Z(eul‘( ¢)lk ewsL
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Laplacian
- \

To any acalas gidd CIDGR we aMoo‘a(:e
awotus scalar (fl‘e(d A¢ =V?'4> o‘ef\'wzd 193

Ay =V'¢=V-V§|

~

I Ir’rame ?_g;} it v4>=4>,;,§; we have
(VAR - be(VV$) = Ef@;cﬁ.‘@éﬁ = $,il
Vi = ¢,

Scalas Lgf)la.ciam agverm s\:ead:’ heat glow

To auy vector Afl‘e\o‘ v eV we amociake
ouolher veckor S&‘dej Av=Vvev




lu(fuw\?— feil witu v=v;e;, Vy- Vbde 66
ond V.S = Sb-ld. . uwe have
AY = Vi, jj &

VeoFo( Laflqcs'ouu JoveVWb v iscoun E{ew

TVhere are seveval w;e¥u| ideuh Red . Gue

couw ueonly waedd relaliou
Vv = V(7 ¥) - Vx(Try)
i v is both selenaidal (v-v=0)
awd irrekahoual (Vxv=0) Huu V¢ =0

aud VvV is harwmeownie,.
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