(Gradient, Divergence and Curl)

8.1 afReSR (Definitions)

@ iﬁﬁm - (el 3TULeT (Del Operator or Vector Operator)
HHRh v, R Bt (Del) a1 et (Nabla) ‘T@Gﬂ?ﬂ% =1 Frey w9 3 e R S e :

V—l—a-+J— f(_
ox oy

2. Ifeer forg W = Afetz (yaumar) (Gradlent of a Scalar Point Function)
AR $(x, y, 2) TH W 9N STaweria aifey fog wom € @ iy Fo
20 20 ¢ O 2 0p 20 o 0
\% —_ - —3 2 7 T
b= [1ax+_|ay+kaz)¢ i +j +k _ |
1§ H1 A (gradiend) FEA T A T grad ¢ A Vo ¥ G b S 3
(B) 1. ‘Hﬁ{ST TR Rl 31339#9 (Divergence of a Vector Function)

?Iﬁi' F (x, y,z)aﬁémaﬁwﬁaﬁﬁmwa?ﬁ@amvammw F & 319

A V. FﬁFm@nsa@f—«q(Dlvergence)aﬁﬁ%amsﬁdwlr@am'mwm%l
5 . 0F :0F . OF

3 d1VF=V.F 1—2+Jﬁ-+k o F=i.—+j—+k.—
: ox oy 0z ©Ox oy 0z
OoFx OFy oFz
= + +
ox oy 0z

<l F=F, i+F, j+F k div T s Tfa 2
2. AAATSA nﬁm (Solenoidal Vector).

uﬁvaﬁéméamdwv O?ﬁvﬁ@ﬁmmﬂ%%u
C. 1. Tt afest @1 & (Curl of a Vector)

afc F a?l‘s§ LR CETURIR (continuous differentiable) qfew th‘(’FI Tl Al 29 ARV a9 F &
WY x F we F F o1& (Curl) T ATH (Rotation) W%amsﬁ curl Farot F &

'Gﬂ%l'ﬁa?{ﬁ'%l a1a. afg F—I~’11+F2.1+F3k

> - 2 .6 A -
- 0,50 ik L |xF=
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WWWFWWWWW?IWF Fi+Fyj+ sk

FUSYTAT qiawT (Irrotatlonall Vector) .
F¢ G F QRVeH Feam § 4 v x F =0 srufq S5 el I 2

8.2 Haorar W 3menfe Aeeaqof wRom (Important Results Involving Gradients)

@) 3R £ HE TR wew A, A VF =0
(i) qﬁ’fﬁﬂﬂgE}IHﬁ’ﬂﬁﬁ%‘f%?ﬁgrad(f+g)‘gradf+8r3dg

T V(ftg)=Vfivg
(iii) "grad (fg) = fgrad g +g grad f Fafq v (fg) = ng+gi
) gL 0T fsmis (1) g pvs
8 g? g g
) aﬁ'ﬁs‘wm@a‘rde 0
(vD) % A e B 3wy wom § A div (A« B)=divA +div B [200;

(WI)TTE'AWFR'QT% W curl A =0
(an)qfi'AﬁQﬂBaHﬁ?TWﬁﬁ

- (ix) curl(A+B) cur1A+curIBm Vx(A+B) VxA+VxB
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o . 8 - .9 9 8
(a) lax'l-"a"i-k-a; - : (b) {laﬂ-jg"-ka)
.3 .0 5 - .
(© 15;-;5%5 | (d)ﬁs‘?aﬁ
2, trii'scbwaﬁmwe‘ra‘rw— ' S
¢ <i> 09 | T v [0 .06
o d - C o
(©) (lé;—jg-f-kazJ » (d)ﬁg‘ Tl
3. Wfi’i-:xi+yj+zkﬁgrad'r=' |
() r . ®r (@0 (d) FFE &
4. A [ r|=r qm ;)zxi+yj+zk'?hgradr=' L | |
@r - ®r @ i+jrk (d) FFE 7
5. AR r=xi +yj+zk @ divr = ' ‘
(a) 1 o2 (g3 - (d) %13 &
6. qﬁ{(b%ﬂﬁ.‘?lw%ﬁcurlgrad(b: '
@o b1 - | C (02 (d) &
7. AR F B W R @ Curf o .
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(a) VF ) VxF 9 R () Fé T
8. e F=Ri+Fj+Fk @ VxF= oA
i j Kk B "
o 0 | wle o X R F, F |
@D oy = O Ig Fy Fy @i j k (d) @7 T
R Fp F 2 92 2 LA
ox dy oz ox oy 0z
9. di< F irrotational & @ Curl F= _
- @0 () 1 (c) 2 (d) g TEl
& Afa T Wy |
-2 - -
1. (@ AR F=x?yi- 2xzj+2yzﬁ A V. F = 79 3w S [2022(S)]
b) IR §(x,y,2)=3x2+2y2 4 ,grad¢3ﬂ‘c{$’fﬁﬂl ‘ [2021(S)]
(¢ fcE=d & (@v)r=a [2019(S)]
@ I F=x3-x3y A V2F & 77 70 W [2016]
2. AT ¢(x,y,2)= 3x Y- y3z2 @A Vo w1 A B (1, -2 -1) | I6 R [2015]
3. IR floy,2)=x>+y3+z +3x_yz'cﬁVfEﬂ'cTﬁﬁl . , [2010, 14]
4. fTE F divr =3, T8 * =xd+)j+2k - o [2010, 06]
5. xy+2xy ~4 W FavmE {6y (2,-2 3) W I R | .
6. ¢=x°-y>+xz® ¥ g (1,-1,2) W grad ¢ I F | | [2004]
#) wgsalE gy /ddseda wew | |
1. (a) 3R ¢=log(x? +y’ 2 +22) ??I Vo &AM E “q'ﬁﬁvrq ?I'Q’I r2=x2+y2 422 Sﬁ'(
| T=xi+yj=zk - - . ' | [2022(S)]
b W fF@.V)T=a ' | [2019(S)]
(©) qﬁmw?z(xz )1+2xy_]+(y 2 _oxy)k ®1 SEASH 3R wed I Hif
| | [2003, 18(SB)]
(d) =few wed £ =(x> -y )1+2ny+(y —w)ﬁwwﬁmWWml
- [2021(S)]
2. () wﬁ?::czzi—zﬁzzjﬂyzzﬁﬁC‘%ﬂV ?‘“ﬁﬁ@(l"_lsl)“‘mﬁ' [2015]
(11) ‘qﬁ i‘: Xy §+2x2yzj—3_yzzfcﬁ'7V.FWmﬁi(l,'—l,l)‘ﬂilﬁﬁl [2015]_
3. div ¥ ?ﬂtrmsrm'q'rl‘ 51'61 F =grad (x° +y? +2° -3x2) o [2014] -
4. () g r2=x2+yZ+z° 2 J'grad " 1 A T B [2013]
() 3afg r= |r|ag1 r—x1+yJ+Zf( 'fhﬁ:{aiﬁ'ﬁVrz—r. ) - [2019(S)]
5. fag (2-12) W z-9 ¥ Wg 4xz —3x2y2:z2 Eal ‘eﬂ%ﬁ?ﬁ?—[ Siafea  (directional

derivative) J1d whifSTdl (2007, 12]
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6. (x?+y2422) w fag (1, 2, 3) W @ i;:-g Z 3 fem A femer® Fpfa fap o,
(directional derivative) J[ &R (204,

— N & . ) > 4
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(d) F-—-xy3—x3y
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e
vo=i 2452 fca‘b
6= ox oy

s 0
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ay J’J’Z)+f( (3xy_yz)
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_—121—93 ~16k =—-(12i+9j +16k)
N f(x,y,z) x3 +_y +z +3x_yz

0
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2 @ n 3
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S
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—>
61' Aar s 0r
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— — -
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a A
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5. WA f=x2y+2xz—4 q grad f

20 4+ 0 0 2
2 =il +j—+k=—| (x*y+2xz-4)
grad (x“y +2xz—-4) [lax“ay+ az)( Yy
-(2xy+22)1+x J+2.xk) ' ..(1)
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6. TH ™, f= x3 ys+xz2
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3 2
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—1{3x —O+zz}+_|{0 3y +O}+k{0 0+ 2xz}
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-
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A )
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