97 Gradient of a Scalar Functian

Del. The graclvent of a Scalar Punchen P35y 2) os Jiven by
9/21(/?=V/—a=<ap7i€, §£>
X ay T 2
Here o, 9,2 are Carbesian coorglenales tn a domown tn ~

3-space UL whech s detined and d.fPerentiakle.

Exomple. Let F= x%+49>. Then
vE = £ 2F BP aP > - <2:c,;252>.
for the appltcaﬁ ans 0;.” the 9ra0ftem€ see the écxéboolf.
Direchiona Derrvak ve :
The divechonal derivabive of the scalar funclion Plz,y 2)
L'n”'u’. divechon o7a a ((—).L:I:OA) Ls 3&‘\/&1 Joj
D__lp :l_ a-vp.
a )zl
35 l—ww( %eal(recl;t,oﬂaj c>(~‘lru/al't\/eo/J L= xYZ ok P(-1,1,3)
401 jn the direckion af o =<L4,-2,27.

Solubian. yf= (gf: ‘35 ;£>=<jzj xZ, xy>=

VPP =<3, 3 1>

12| = V12422402 =3
D tpy=1_a-pfP)=L (1x3+-2x-3+2y-1)- L |
a (5| 3 3

(¢ 3

Targent plane f=canst
grad F ’)

earem. Let £ be Aifferentiable scalar funclion. Let-

Piogyz)y=C (¢ s a constant)
represent o surface S, Then f VE#T b apant P of S,
VF(P) s normal vectar of Sat P

32 Find a normal veclor of the surface z = x2+y? of P(3,4, 25).
SO0 ot 24y2-2=0 — Plxyz) = 2%+ 9’z

Vie <%f}_&_y£ &P> <2x, 2y ,- -1
Nermad Veclscsr Vﬁ(3 4,25) = £ 6, 3, -1

9.7+9.8+9.9 Gradient, Divergence, Curl Page 1



9g Dcvergence o,f a Vector Freld.

Saturday, July 10,2021 2:08 PM

Let (ry,z) = < Ulyz), Gz(xy2), Giix,yz)> be a differentiable
Ueckor Punctim. Then

01.':(!"‘—0'L = V-U: = 6U‘ -l— al‘); aUg

(s the olwegence of T.

For the opplicoions of the divergence see the bextbook
'_—_—7’_ F-Lnol éhe o{t'verﬁence 0}9 E[‘lz ﬂd[owcﬂg V€cl'0r lgun.d't'cms.

b3 2 T = <e2xw52_'-j > ﬂzxsmzj , 5e** %
48 Ui M

2 3 27
Qolutten: dov T = 2% + Uz BU3 _ Qé ca525+2€ OS'Z_-:{-{-O

Z U= x?4¥22L2c,92>
413 3_2
Solutiem. T = <X 3 9027 zZ°, x’y? 23
Uy 0 Uz
2 2
dev T = 9% + 0% , 4G _ 342243 12322'24- 3XY z?

= 9x2y?22.

Guen. a scalar Punchion £, the Laplacian of P .5 gLven by
Ve = dir(vF)

4% P=2y  FEnd VP

41l 22 r U', U‘z Uz
Solubion VF = 4_3_,1”,/1{> <22) = 2_2_3:1>

V2P - dev(9f) = 2449 4+ 9% 0% _04+0+ €Y
ax oy a2 z4
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4/ 43 Usepu[ /-am-mu/as 44)7’ the a/ﬂ/t’/ym
%
Proye:
(a) dr(kT) =k dviT (k Ce/ﬂséflé)
(b) dlu‘(fou) IEO[LU'U' + T - V/—D
() drr(Pv9)=2vZ9 + VF-vY

—_—

PI‘GOP O’% (b) Lled L?: < U/_,U-Z,U-3>. lhen
olev (pT) = oliv <Py, Pz, >
= gf_c(ﬂq)-r %(ﬂuz)'*a%(ﬁ%)

ﬂdU- UJP:+ﬂa_Lr2,U'dP - ____l_ﬂ~DU'g+ U-3£
) y 2y dZ o
_ pl oY% trz ,aug 9Ff oF 4 U5 IF
RGP+ g+ 2L+ 3

= PAdv U —+ U'.Vﬁ
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99 Culol a Vector Freld

Lek Flxy 2) = <U; 0z, 13> be a differentiable veckor Fuwnictien.
Then, the curl of T s defined bj

I ¢
curt (/':V)((TFL:/‘9 :: f}

dx 3y oz

Y 4 G«
Wz vz, _(2B_dU ) +( 2% v
(j 622_)4 (ax T?)J (£ T;)lﬂ

T ¢S (ﬁe/érmzda, when =z, 4 z oue right harded. IP é/uy are
(ePt handed , Hhe olebeminent: has o s san w Front.

For the applicatizns of the curl see e text bodk

6 Fod curd G A =<5y, sz, ~tanx>
4/ weth rf!pecé f:o roht. /’ianp/eol CWZE"‘WL COO/d‘naéfs

Solubiem . L J
curd T = > 5 )
Ix gy 3%

Sthy @WsZ —lany
—(3 (-tanx)- ——Cosz)c (i— (- fanx) — -fsmybq—(— 0sZ - -—507.‘9)/(
3y

- (o +sthz)l 4 sec’> | —cosy k.

/8 Assurning Sublicent o(z’//wémbt&‘@_, Shoy thal
“6 @ curl (@) =wrl T + curd T

b) dvv (cwrd T)=0

ey cort (PT) = (gradP)x 7 + P curd T

(d) curd (9vad ) = O

-t i
(e)OILU'( LLXL)‘) - U- Cw/ﬁ—a-w[U.

Fracl of ) Let T =<0, vy Uz> Then
curl T = (55 7RI~ (F5-L)j+ S~ L)

ax Dz
dirlcwd 7)) = 2 (2% _ B_Uz)_i(c?_tfz_av,) 3 (% _
2’ 2y " 3z 177y 3z 9z o= 3y
- 2 Uz _ 52y 34 aer, 22u; _ 3%y
dx dy - + = -
dxa2 3391 2udZ  3vaAr 32IY
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