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UNIT-V

PART -A
1. Define gradient.
Let ¢(Xx,y,2) be a scalar point function and is continuously

6<p —>6(p

: : _209 | 509 | 739 :
differentiable,then the vector V¢ =1 % +J 3y + k 5 1S called the gradient of

the scalar function ¢. Grad ¢ = V.

2. Define Divergence.

The divergence of the vector function F is defined as
= _ > 0 >0 = 0 - - 7
V. F —(la+15+k5).(F11+F2]+F3k).

T ox T dy T 0z

3. Define curl.
The curl or rotation of F is defined by

—

—)6 —)a = 0 - - 7
VX F :(la+]$+kE)X(Fll+F2]+F3k)

T 7k
e a o
ax 9y 0z
F, F, Fj

4. Define solenoidal.
A vector F is said to be solenoidal if its divergence is zero.That

is,V°7=0 or div F = 0.

5. Define irrotational.
A vector F is said to be irrotational if its curl is zero.That is,

Vx F=0 or curl F=0.




PART -B

1. Find the directional derivative of

of i +j+k.

Solution:

=

7

[t

Unit normal vector i =

a

grad f = Vf

-Zﬂ+]af+k

Ny >0 70
Lox (yz) +J 35 (xyz) + k52 (xyz)

=1(yz) + ] (xz) + k(xy)

N -

grad f (1,11 = T +j+ k

Directional derivative = grad f. 71

- (l +]+k) l+]+k
_ 1+1+1_i
T V3 V3

Find the normal derivative of f

Solution:
Normal derivative of f=|grad f]|

Given f =xy +yz + zx
grad f = Vf

_20 ) a
f ]f+ka—£

f=xyz at (1,1,1) in the direction

=Xy +yz+zx at(-1,1,1).

ai(xy+yz+zx)+] (xy+yz+zx)+k ~(xy +yz + zx)




=1y +2) +] (x+ 2+ k(Y +X)
grad f (101)= 21 +07+0 k
Normal derivative of f=|grad f|
= V22402402 =2
Find a unit vector normal to the surface x> + y> —z = 10 at (1,1,1).

Solution:

%4

Unit normal vector= A = i

=x?+y*-2z-10

_0f L S0f L RO
Vf_lax+]ay+kaz

_->0 . 2 2 _ >0 . 9 2 _ . 7O . 2 2 _ .
=Sl (T +y -z 10)+]ay(x ty —z-10)+k—(x"+y"—2z-10)
=20 +2y]—k
(Vf) (1,1’1):2?4' 27-%

IVfla1y =Vv4+4+1 =3

; A Vf 21 +2)-k
Unit normal vector = A = ﬁ:%

If Vo =2xyzi+ x%z] + x2yk, find the scalar potential ¢.

Solution:
Given Vo = 2xyzl + x2z7] + x2yk

S0p | 209 | 709 _ 2 2T
lax+]ay+kaz—2xyzz+xZ]+xyk

Equating like coefficients on both sides we get ,

9 _
o =2xyz ...(1)




% =x%z  ...(Q2

5, - XY ...(3)

Integrating (1) we get, [ 0@ = [ 2xyz 0x = @=x%yz +f(y,z) ...(4)

Integrating (2) we get, [ 0@ = [x%z 0y = @ =x?yz+1f(x,z) ...(5)

Integrating (3) weget, [ dp = [x%y 0z = @ =x%yz+f(xy) ...(6)

From (4),(5),(6) we get, ¢ = x%yz +c

Find V°F and Vx F of the  vector point function
F=xz31-2x2 yzj+2yz*k at the point(1,-1,1).

Solution:

V.F = (T% +faa—y+ E%).(XZ3T— 2x2 yz ]+ 2yz* k)

0 d d
. (xz*) + 3 (—2x* yz) + E(Zyz‘*)
=z3 —2x% z+8z%

(V. F)a11)=1-2-8=-9

7 7 k

F =12 92 2
VX F = ax dy 0z
xz3 —2x?yz 2yz*

= i’[:—y 2yz*) + % (2x? yz)]-f [aa_x (2yz*) — % (xz3 )] +k [% (-2x%2 yz) —

5, 0]

=7(2z* + 2x% y) — J(0 — 3x2z2) + k(-4xyz-0)

(VX F)gay =12 -2)) - 7O -3) +k(4)

=37 +4k




6. Show that the vector F= zi+xj+yk is solenoidal

Solution:
If div F=0,then F is solenoidal.

Now, div F =V.F
_ —>i —>i _)_ - — 7
—(Lax+]ay+kaz).(21+x]+yk )

2 o o
=5: @)+ 5, () +50)
= 0+0+0 =0

Hence F is solenoidal.

7. Show that the vector F = yzi +zxJ + xyk is irrotational.

Solution:
i J k
VX_F) = i i i
ox 0Jdy 0z
yZ zZX Xy
[0 d K a i a 9
- 12 - L] 72 - £ 00 +E[S 60 - 2]
=ix—x)) = jy—y) + k(z-2)
=07+ 0j+0k =0
Vx F = 0.

Therefore,the vector F = yzi + zxJ + xyk is irrotational.

PART-C

so that the vector F = (x + 2y +

1. Find the value of the -constanta,b,c

az)i + (bx — 3y — z)J + (4x + cy + 2z)k is irrotational.




Solution:

7 7 K
VX F = 9 9 o
x ay 0z

x+2y+az bx—-3y—z 4x+cy+2z

= ?[%(ébc + cy + 2z) —%(bx — 3y — z)] -f[aa—x(élx +cy + 22) —%(x +
2y+az)] +E[%(bx—3y—z) —aa—y(x+2y+az)]
=i(c+1)) — j(4—a) + k(b-2)
Given F is irrotational.
Thatis, Vx F = 0.
Thatis, 7(c + 1)) — j(4 — a) + k(b-2) = 0.
That is,each component should be zero.
Thatis, (c+1) =0;(a-4)=0; (b-2)=0.
Thatis, c=-1,a=4,b=2.

(i)Prove that V. (Tf + ?) =V.F
(ii)Prove that VX ( F+ G)=V
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(i)Vx(F+ G =VxXxF+VUxG

—_— — _)a _)a - 0 — —
Vx(FiG)=(1£+]£+kE)x(FiG)
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