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Vector Analysis

LA (d)
B = -pa,+2za,
p = x4y
z=z
EN cos¢ sing 0] a,
4 | =|-sino cosy 0|l a,
a, 0 0 1 3,
= g, = —singa, +cos¢a,
tan¢ = 4
X
B = —x?+y?{-sinoa, +c0s08, ) + 24,
2, 2 Y 2 X A A
= —Jx°+y a, + a \+za
\/x2+y2 \/x2+y2 Y ‘
= ya, —xa, +za,
T2. [Gk))
As J‘F_‘d_ = _[ydx—fxdy
c
So, y=x> = dy=2xdx
_[/?-dl_ = _fxzdx—fx-.?xdx
c

J.(xz —2x°)dx = — J. x°dx

_|:§+l:|5_3
3 3
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2026 3

LERN (224)
A=Vf= 4xyza, +2x°z4, +2x°ya,

dyay

(0,0,0)—% (2 0.0) (2,7,0)—%%_y(2.7,4)

4
o [A-dl = [4xyzdx (aty =0and z =0+ [2x%zdy (at z =0 and x = 2)+ [ 2®ydz (atx =2and y =7)

z=0
= 224
- = 5f2 o . T
=589.1C

[(v-DyaVv = [(5r)-r’sinodododr = 589.1 C

LA (d)
10 10 ) 0
V-F= —— +——|p(SIn +—(-Z
5 PP+ S plein o))+ - (-2)
= 2+2sinpcosdp—1=1+sin2¢
LA Sol.
- 1T0( o1 1 0 o 1 0
A= —5—|r-|+————(-r-sindsing — (10cos
y r? ar( rj+rsin6 ae( )+rsine a¢( )
= i—2rco e_1o§|n¢
r rsin®
A 1 1 10
V.Aat (QE,EJ = ——dx——- -1 705 =965
4'2) 4 N2, 1
V2
T7. )
V-A= li(r2-Kr”)=iK(n+2)r”+1
f2 or f2
VxA=0

Hence, for n = -2 given vector is solenoidal and always irrotational.

L (d)

PA-dl = {
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n 2. 325 3,24
A=3x"y"a, -x’ya,

dl =dxa, +dya,

A-dl = 3x2)Pdx — x3y2dy

A-dl = 3x2y3dx - x3y2dy

Path AB: y=x = dy=adx
2 2
J.Adl_ = I3x2y3dx—x3y2dy = I3x5—x5dx = f 2x5dx = 2% =21
x=1 1
Path CA: x=2 = dx=0
Path CA: y=1 = dy=0
- 1 3|
J.Adl = I3x2y3dx = 3y3 f x2dx aty: 1 = 3% =—7
x=2 2
Path BC : x=2 = dx=0
PA-T = 2142722
3 3
o 1
J.A-dl = —jxsyzdy atx =2
2
_ 56
-3
$A-dl = 21420798
S 3
[(vxA).dS
5 a4 4
— ) ) d 5 o
=| — — = = -12x“y“a
VAT %y az * Ve
3%y —x*y* 0
ds = dxdy(-a,) (using RH curl)
_ 2 x 2 Vo x 10 2
[VxA-d8 = 12 [ Pdx [ yPdy =12 [ Paxl| =2 [ 2Pax(x®-9)
1 _ d 3 37
x= y=1 x=1 y=2 x=1
2 2
98
= 4|:J1.x5dx—'|1.x2dx:| = ?
EEEN
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Electrostatics

Lu A Sol.
v =Q,.=[Rdv =[(V-Diav
= v = f(y+x+z)dxo’ydz
v
2 4 2 2 4 2
= [ yay[ax | dz+ [ zaz[ dx [ ay
y=-2 x=1 z=-1 z=—1 x=1 y=-2
52 4 52
y 4 2 X 2 2 Z 4 2
= V=5 -x|1-z|_1+? -y|72-Z|71+? vl
,2 1 71
= v = 0+§-4-3+§3-4=90+18=1080

(b)

2 2
V-D= 1 i(p20p)+i pp_ = 2O><2p+l-3iz40+p
p|dp dp| 3 p 3 p

LM Sol.

Q/ﬁ Circularring p, =12 C/m

8m

Total charge enclosed = p, x2nR =12 x2n x5=120n C
T4. ()]

LS (d)

Calculate the distance of the charges from the centre of the sphere and identify whether the charge is
inside or outside the sphere.
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6 Electrical Engineering e Electromagnetic Theory MRDE ERSY

For2C, r, = V4% +8° + 3% =9.43 — Outside the sphere
For8C, r, = \2? + 1 + 32 =3.74 — Inside the sphere
For—12C, = V42 +02 + 12 = 4.123 — Inside the sphere

Flux leaving the surface = 8 -12=-4C

(c)
1nCand 3nC.

@

Charge enclosed = p; x lengthg;jseq
=15x10=150nC

LE: 3N (5.903) * 5
y:_
z=-2 x=4 z=2
D=2LLs
2np =2
ds = dydza, 5
A e PL
= |D-ds=—adydza, -a
o > yaza, - a,
2 y
p= x°+)°; & a =Cosd
PL
0= 7dydz cos¢
J.2Tc\/x +y?
)
tang = £ > d
X
o
Ccos ¢ = al

- 970' B

¢ f27wx +y e \/x2+y2

- J‘p—
21‘5\/)5 +y°

Hence,

dydz

Asx=4,ye (-2,2),ze (-2, 2)

-2

4PL J‘
2
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2p, 2 1
=L g — g
2n -[ y

_ 8p tan’(1
T on 4 (2

2
_ 4p, tan_1(l)
s 2
=5.903nC
T9. N
P, = pvoe_t/Tr; T = Z
Py, /T,
= p, et
3 Pv,
t
— = 1.0986
T
o 15100 0
" 1.0986 '
1.4x10° x2x107™
&= 12
8.85x10
= 308.56
T10* ()]
S L L e
Colox Y9y Y 9z ?
v _ 2y3 - 3yz?
ox
= V= 2y3% - 3xyZ + Ay, 2) (1)
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8 Electrical Engineering e Electromagnetic Theory MRDE ERSY
?)_‘; = 6x)° — 3x22
= V = 2xy8 - 3xyZ + f(x, 2) ..(2)
1%
— = —bxyz
0z xy
= V= -3xyZ2 + f(x, y) ..(3)
Equating equation (1), (2) and (3)
V = 2xy3 - 3xy
T11. BLIR
V= 100(x2 - ?)
AL(2, 1, 1), V = 100(4 - 1) = 300
So, 100(x2 - )2) = 300
= ¥ -y =3
LA VA Sol.
V2V =0
. vy 1[0 (M av) 3 (v, o (hnav
hhohy | oul hy ou) ov\ h, dv) oJwl hy ow
AsV = ()
= V2V= 1[1[18_\/)} =0
pLIo\p 99
2V oV
= — =0 == — =A
902 9
= V=Ap+B
At ¢ = 0°, V=10V = 10=8
At ¢ = %, V=150V
150 = ﬂ+1O
6
= A= 840
i
V= (@q)ﬂo)v
i
As E =-VV= ﬂﬂéq)
p 90
np
= = -840 .
D = ¢, =
€ . €08
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As the conductor is a plane surface.

p,=1D]|
So, pg= %
p
= Q= J.psaé
ds = ds§, = dpdz3,
840¢ 840 2
Q= Odpdz = —=¢ |
[ 2P o colne| 2ly
Q= 84%0 10y o g-164nC
T
T13. KLIK

Q=C,V,=C,V

Detailed Explanations of Try Yourself Questions : ESE + GATE 2026

c,.C
C =212 _16
9 Ci+ G
v=22 _isy
1.6
T14. g
For air filled parallel plate capacitor
€, A
C, = ‘(’j
Q=C\V
The equivalent arrangement is parallel capacitor
Cc - 480A+80A:580A:§c
9 2d 2d 2d 2°
Q= Cqu’
25Q =25CV
Q=CV
But Q=CV
: V=V
LA EN Sol.
e Al2
Cc = 11=
! d
€, Al2
C = g
y
W= —cVv?
Fo2
W,
MG 0.5
W, 2
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10 Electrical Engineering e Electromagnetic Theory MRDE ERSY
LGN (b)
Concept : Method of images
For 131 ;
Fr="r-r=(1,01)-(1,0-1)= 23,
R r o 2a, .
ar = |rT|= 22 = aZ
- AP
V7 dne ()7 16me, ©
For F; :
r=r-r =(1,01)-(0,0,-1)= a,+2a,
Tl =5
5 = T a, +2a,
S A EN ]
_ @ 4 +2a,
P2 = dne(®) V5
For F;
F=F-7 =(1,0,1)-(0,01)= 4
7| =1
N ¢
&=
—CP .
E — a
R = dme, ()™
_ _ _ QZ QZ 2
Hence, F=FR+hHh+tFRH=- a, + a, +2a,)- a
p 1Thens 16me -~ 4neo(5\/§)( * ) 4ne,
. @ [—az+232 LA,
dne,| 4 55 55
—CP R R
E = 0.91a, +0.071a,|N
F 471:80[ * d
IRVAN Sol.
50 mC
5m
5m
—-50 mC image
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The induced surface charge density is the normal flux density at the point
D

normal — ps

50x 1073 x 9x 10°
25

E due toimage = 18 x 108 V/m (same direction)
Total E = 36 x 108

E due charge =18x 108 V/m

! lmC

D= 36><106><—9 _
36nx10° @
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Magnetostatics

LA Sol.
T2. §(9)]
T3. NC)]

1. Forxy-plane wire :

2. For yz-plane wire :

1'M Sol.

H o

i

Ho

Bat centre =

K =30 a, mA/m
©® ®© ®©® ®©® ® ©/©® ® ® ® ® ®

1
g for a square loop

Ld_20 0

=12
I, d, 5 d/3

Mol 1,1 e
2R| 2 4

Bol| 1 15 _Holg
2R 1_( 1) “TaRr%

& xa
a, x-a, =-a,
a,x-a, =-a,

y

4,=4,
* P(1, 20, -2)

y=0

K:

X

30a, mA/maty =0, i.e., xz-plane.
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13

P(1, 20, -2) has y = 20 which lies above y = 0.

So,

Hence,

LM Sol.

L[ Sol.

aEé

X y
H = leéx
2
= 1x30[ézxéy]
2
= 153,
H = -15/ mA/m

I flow direction = Vector potential direction

A directionatp = 4

Bdirection = 4, xa, =- 4,

VPA = —ud

vz 4, +V?2p°cos¢ &, = —uJ

10 d 2 10(10
V22p2cosh = — —| p— (2p°COS0) |+ ——

At the origin,

(a)

LE: 3 Sol.

Also,

Now,

,o 10 3Z22) 1a(1022) 10 ( 08z
Veze = —— P—— +-—— - —— |+ —— P— =2
pop| dp | pdp|p dp | paz| 9z

10(10 0 1059 n2
% e p8¢(2 cos¢))+paz(paz (2p cosq)))

= 1cosq>-4-2-p—2003(])=6cos<]>
Y
VZA = 23, + 63, = —pJ

f=bN=p,,=01x1x10=1N

F = il xB=10(0.5)a, x-14, = 54, = |A=5
Frg=F-1=5-1=4
Fret = ma
ma=4 = a=i:is4m/s2
m 1
= 2+ 2as
\2 = 2as

V= as=2%4%1=/8=28m/s
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14 Electrical Engineering e Electromagnetic Theory MBDE ERSYH

T9. M)
y
H1=2”o
a,
3
H, =64, +84,+ 44,
Hg = SH,
4\x
3x + 4y = 12
Atx =0, y=3
At y = O, X = 4
As H, = 64, +8a, +4a,
= TR 3,4,0 3,4,0
= I_Iln = (H1 'an)an = {(618|4)(T)}(T)
18+ 32 . D, A .
= { Y= }(Sax+4ay)s6ax+83y
Hy; = Hy-H, =(6,8,4)-(6,8,0) = 44,
Now, at K =0, FHy = Foy = Hop = 43
Also, Bm = =)\
= Wiy, = woHb,
= B o= MA - 265 +23) =244 +0.83
2n — n in — 5 X y | = &£.5dy .04,
2

Hy, = Hy +H,, = 2.44,+0.84, +44, A/m
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Time Varying Fields

()
(d)

LEMN (a, b, )

Region has no charge, i.e., p, = 0 and no current, i.e., J =0.

(a) V'E :p\/
atp,=0, v.D=0 = V-E=0
0B
V - -
(©) xE o
(d) VXF/ = Jc"'Jd_Jd
= Vx— = a—D
W ot
= VxB 5
— 1 0E
= = .-
V X 2 ot
= 1 9oF
= VXB—?~E =0
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