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Electromagnetic Theory

1

CHAPTER Vector Analysis

m Given point, P(9, —12, 15) is in Cartesian system. Express P in cylindrical and spherical systems.

Solution

I
—
)]

p = Jx2+y? =9 +(-12)7
o= tan"' L =tan™’ {@} =-53.13°
X 9

Pis cylindrical format will be as,
P = (15,-53.13° 15)

r= x4+ y2+ 22 = (92 +(—122 + (152 =21.213

2 2
0=tan' YV _ign {%} = 45°

Pin spherical format will be as,
P = (21.213, 45°,-53.13°)
Let H=5psino a, - pZCos 03, + 2pa, A/m. At point P(2, 30°, -1) find:
(a) a unit vector along H.
(b
(

Cc

)
) the component of H parallel &,.

) the component of H normal to p = 2.

(d) the component of H tangential to ¢ = 30°.

Solution:
At P, p

2,0 =30° z=-1

= 10sin30° &, + 2c0s30°4, - 44,
54, +1.732 4, - 4a, Alm

Il
[

(a) Unit vector along H ,

g, - 2% 17923 %% _ 75384 4026114 -06034,

J52 +1.7302 + 42

(b) H, = H,cos¢— H, sino
= 5p sing cosd —pz coso sind
or, Pat p=2 ¢=30°z=-1
H = H,a, =(10sin30°c0s30° + 2sin30°cos 30°) &,

5.1964, A/m



POSTAL Electromagnetic Theory
MRDE ERSY 2023 Conventional Practice Sets

(c) Normalto P = 2is H, = H, &,
ie. H, = 0.7538 4, AIm
(d) Tangentialto ¢ = 30°
H = H,4,+H,a,

0.7538 &, -0.6034, A/m

E and F are vector fields given by F =2x 4, + &, +yza, and F=xya, - y?4, + xyza,. Determine:
(a) |El at (1, 2, 3)
(b) The component of £ along F at (1, 2, 3)

(c) A vector perpendicular to both E and F at (0, 1, -3) whose maghnitude is unity.

Solution:
(a) E=2xa+a,+yza,
At point (1, 2, 3) — E =23 +a,+64a,
|E| = V22+ £+ 6% = J41=6.403
(b) F=xya-y 4 +x23a,
At (1,2, 3), F = 2a,-4a,+63,
. The component of E along F

=

EF = (Ea,_—)é,_—

_EFP g 36 55 _4a vea.) - 12864 -25714, +3.8574
|F| F 56 X 3% z X Y Z
(c) At (0, 1,-3) E = 04&+a,-3a,
E = Oéx—éy+0éZ
a4 a a
ExF=|0 1 -3|=-33 +0a,+04,
0 -1 0
ExF R
8r p= o= *4,
o F T T ExF]

Y] The figures show diagrammatic representations of vector fields X, Y and Z, respectively. What can

you comment about these diagrams?

N

=
X
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Solution:
X is goingaway so v.X £0 .
y is moving circulator direction so VxY #0 .

Z has circular rotation so Vx Z 0 .

m Find the divergence of vector field, V (x,y,z) = —(x cos xy + x); + (y COSxy)j +(sinZ2 +x2+)2) k.

Solution:

V(x, y, 2) = —(xcosxy+ )i +(ycosxy)] +[sin(z)? + (x2) + (y2)]k

Divergence = V-V
ov, dV, 9V
+ —= +

TV z
ox ay 0z
—COos xy + x(sin xy)y + cos xy — y sin(xy)x + 2z cosz?

= 2zc0s 22

m “A hand ‘curl meter’ in the form of a pin wheel is used to indicate curl of a vector field.” Justify the
statement.

Solution:

A pin or paddle wheel as a ‘curl meter’: The force is exerted on the each blade of the paddle wheel, the force
being proportional to the component of the field normal to the surface of that blade. To test and field for curl we
dip one paddle wheel into the field with the axis of the paddle wheel lined up with the direction of the component
of curl desired. No rotation means no curl, larger angular velocities mean greater values of the curl a reverse in
the direction of spin means a reversal in the sign of the curl. In order find the direction of vector curl, we should
place one paddle wheel in the field and hunt around for the orientation which produces the greatest torque. The
direction of the curl is then along the axis of the paddle wheel.

1

2

Consider a function f =
r

7, where ris the direction from origin and 7 is unit vector in radial direction.

Find divergence of this function over a sphere of radius R, which includes origin.

Solution:

> 1.
f = —.f
I'2

From divergence theorem as we know,

jvol.(v-?)dV= @Sf-dé

b -8 = g -7 ]-(rsino-co-ci-7)

r

- #Ssine.de-dq) —4n

IEX] For a vector field A, show explicitly that v.v x A = 0; that is, the divergence of the curl of any vector

field is zero.



POSTAL Electromagnetic Theory
MRDE ERSY 2023 Conventional Practice Sets
Solution:

To shows V.Vx A =0, let us assume that A is a function of x, y, zthen,

iy 2
VUxA=v]9 9 9
ox dy 97
A, Ay A,
S 0A . [0A "
= V- %__y f_ %_% y+ _y_% 7
|y oz ox 097 ox ay
_0(0a, _9A) 3(0A, _0A) 3[04, 9A,
©ox dy 0z | dy| ox 0z | 0z| ox dy

FA, °A, A, 9°A, 0°A, %A,

oxdy oxdz ayax aydz ozox ozdy
=0

So it is proved that divergence of curl of any vector field is always O.

m Find the rate at which the scalar function, V = r2 sin2¢, in cylindrical co-ordinates, increases in the
direction of the vector A = a, + 4, at the point having co-ordinates (2, n/4, 0).

Solution:
As we know that, Gradient is a vector that represents both the magnitude and the direction of maximum space
rate of the increase of the scalar function i.e.

av . .
rad V=vV= =25 oAl
¢ o (i)

But in cylindrical coordinate system, the grad V can be defined as,

vy W 10V, Ve
Tor T rop * 9z <

For the case under consideration, the quantity required is,
VV-4, = VV. 2 at(2,m/4,0)

A

(i)

From equation (ii) we have,

0 . ~ 10 . A 0 . o
V V= —(r?sin20)3, + r %(rZ sin20)4, + E(rZSln 20)a,.

or
or, VV=2rsin2¢ & + 2rcos 2¢ éd)
Now, VV.A= (2rsin2¢ & +2rcos2¢ g,)-(& +4,)
or, VV.-A=2rsin2¢ + 2rcos2¢ (i)
Aiso A = JFAF =2
VV-a, = % = %[2rsin2¢+2r0032¢]
= (/2 rsin2 ++/2 rcos2¢)

Now, (VV'éA)at(gnm,o) = \/§x2xsin2x%+\/§x2xcos2x% = 22





