We have to learn,

> Del Operator

> Gradient of scalar function
> Directional Derivative

> Divergence of a vector

> Curl of a vector



Dperator

* Operator V is called vector differential operator

defined as

V = gf+£j+£l2
oXx oy 0z



Gradient of scalar function

e If #(X,Y.,2) is a scalar function of three variables and
s differentiable, the gradient of @is defined as

gradg = V¢_%| +%j+%lz
OX 7
Where ,

@Pis a scalar function
V¢ is a vector function



If ¢=x"yz®+xy’z* ,determine grad¢ at point P=(1,3,2).
solution

¢ = Xyz° + xXy°z°

o¢ = 2xyz° + y°z° 8¢ _xzz3+2xyzz,%=3x2yzz+2xy22
OX 0z
Therefore,

V¢=—¢f+%1+ 9P
OX oy 0z

(2xyz +y?z )f (x223+2xy22)j+(3x2y22+2xy22)I2
at

P = (13,2)

V¢ =84i +32]+72k



Grad Properties

If A and B are two scalars ,then

1) V(A+B)=VA+VB

2) V(AB) = A(VB) +B(VA)



Directional Derivative

Directional derivative of ¢in the direction of a is

dg = a.grad¢
ds
where,
A dr
a — —
|dr|

Which is a unit vector in the direction of dr .



Compute the directional derivative of ¢=X’z+2xy’+yz° at the
point (1,2,-1) in the direction of the vector A=2i+3j-4k.
Solution

Directional derivative of <zn the direction of a

d¢

—— = a.grad
. gradg
Where,
grad¢zv¢z%f+%j+%|2
OX oy oz
And, ézi
| A

¢ = X°Z+2Xy° + yz® Hence,
V¢=(2xz+2y2)f+(4xy+ 22) j+(X2 +2yz)l2
At(1,2,-1),

Vé=6i+9]—3k



Also given A = 2i + 3] — 4k ,then

| A :\/22 + 3° +(—4)2 =29

Therefore,

A 1 AN a ~
Aa=—=——(21+3]—4k
A Tz (2 +31-4K)
then,
d—¢=é.grad¢
ds
51

V29



Divergence of a vector

If A=aj+a,i+ak the divergence of A s
defined as

divA=V.A




If A=x*yi —xyzj+yz°k , determine divAat point (1,2,3) .

solution
divA = V_.A

a S 8 a a ~ AN ~ ~
= —1+— J+—K |. I + + K
[ax &t j(ax a,i+ak)

aax 4+ aa'y
OX oy oz

divVA=2Xy —XZ +2Yyz

—

at(l, 2,3)
divA=21)2) — (D)) +2(2)(3)
divA =13



Curl of a vector

If A=aj+a,i+ak ,the curl of Ais defined by

CUurlA=VxA

=(§f+% j+§l€jx(axf+ayj+a£)
| i kK

—> CUrlA = % ;’ ;Z
d. 4d, d.




If A=(y*—x22))i +(x® +y?)j—x?yzk ,determine curl A

at (1,3,-2).
solution
| 1 k
CUrlA=V x A= E i 2
OX oy 0z
y4 _ %272 y? 4 yz —x2yz

= —X°Zi — (—2Xyz + 2x°2) | + (2% — 4)’3)|2
At(l, 3, _2)1
curlA=2i —8j—106k




