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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 4,
= g, = —singa, +cosoa,
tan¢ = 4
X
B = —Jx?+ y?{-sinoa, +C0s 04, } + 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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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-Dyav = [(5r)-r?sinodododr = 589.1C
LEM (d)
10 10 ) 0
V-F= —— ——[p(sin —(~z
pap(pp)+pa¢[p( ¢)]+az( )
= 2+2sinpcosd—1=1+sin2¢
L[ Sol.
S 109( o1 1 0 o 1 0
A= —=—|rF—|+———(-r°sindsind — (10cos
veA r? ar( rJJrrsine ae( nes! )+rsine a¢( )
= i—2rco e_1o§in¢
r rsin®
o 1 1 1
V.A at (gﬂ,ﬁj S OO L N Y
4'2) 4 NCEPa
V2
T7. H())
. — 10 2 n 1 n+1
V-A= r—za(r -Kr )=r—2K(n+2)r+
VxA=0

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

L (d)

PA-dl = {
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Electrical Engineering o Electromagnetic Theory

A= 3x2y3éx - x3y2éy
dl =dxa, +dya,

A-dl = 3x2)Pdx — x3y2dy

A-dl = 3x2y3dx - x3y2dy

Path AB: y=x = dy=adx
o 2 OF
[A-dI' = [3x%yPdx—x3y2ay = [3x® —x°dlx = [ 2x°dx = 2.5 =2
x=1 1
Path CA: x=2 = dx=0
Path CA : y=1 = dy=0
- 1 3|
J.Adl = f3x2y3dx = 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
_s6
-3
$A-dl = 01426 _7_98
3 3
[(vxA).dS
a & a4
- 0 0 ad 2 o
=| — — —| =-12 a
VXA=l %y oz ¥
3%y —x*y* 0
ds = dxdy(-a,) (using RH curl)
_ 2 x 2 ) x 10 2
[VxA-d8 = 12 [ Pdx [ yPdy =12 [ Paxl| =2 [ 2Pax(x®-9)
=1 — = 3 — 3 =
x= y=1 x=1 y=2 x=1
2 2
98
= 4{J.x5dx—'|.x2dx1 =3
1 i
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|71+? -y|72-Z|71+? vl
,2 1 71
= v = 0+§-4-3+g-3-4=90+18=108c

(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

X
(b) y=2
z=-2 x=4 z=2
D=2LLs
2np =2
ds = dydza, 5
AN Jo_ PL
= |D-ds=—=dydza, -a
0 2np Yaza, - &
p = (x2+)y?; &-8a =coso Y
PL
0= 7dydz cos¢
f2m/x +y
)
tang = £ > d
X
¢
cos¢ = 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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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 7

2p, 2 1
=L g — g
2 -[ y

_ 8p tan’(1
T on 4 (2

1A Sol.

PL (éx+éy): P (5 45
one 22 + 22 V2 8ne

Eduetoline charge

E due to sheet charge = p—5(—(:31),)
2e
Equating the y-components, PL_ Ps
8ne 2¢e
p, = 4np,
I[N Sol.
1 2 3 1 2 2
Q:J‘psd\g: J‘ J‘ 4x2ydxdy =4x_ y_ =E
1 x=-1y=0 3 -1 2 0 3
INAN Sol.
V = 100(x% - y?)
At(2,1,1), V = 100(4 - 1) = 300
So, 100(x% - y2) = 300
= x2 — y2 =3

T12. [EXA)]
(@) At(1,0,-1); V= 3(1)%(0)-(0)(1)=0

E=_vv=- i(3x2y—yz)éx +i(3x2y—yz)éy +i(3x2y—yz) a,
ox oy 0z
E = —6xya, +(3x" - 2)4, - ()&, ]
Hence, at (1, 0, —1); E +0
(b) Inxy-plane, z=0 =V=3%

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




8 Electrical Engineering e Electromagnetic Theory MBDE ERSYH

y
x2y=1@ z =0 plane
X
So, at x%y = 1; V = 3is Constant
Hence, x°y = 1 is an equipotential plane in z = 0 plane.
() AtR2 -1, 4), V= 3(2)%(-1)-(-1)(4)=-8
- V=-8is an equipotential surface passing through (2, -1, 4).
(d) Given: V=238x%y-yz
. vV
a., =

|V V| (2,-14)

R 6(2)(-1a, +(3x4-4)+1a
= & = [{02 a2 12 :
12° 4+ 8° +1

123, +88, 1,

= a, = 14456 = -0.834, +0.554, +0.074,

INER (b)

—t/T, . €
p,=Pe " T = =
Py, _t/T
= e r
3 Pv,
t
— = 1.0986
T
o 15)10° 0
r 1.0986 '
1.4x10° x2x107™
&= 12
8.85x10
= 308.56
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 9

LA N Sol.
3x + 4y =12
Atx =0, y=3
Aty=0, _x=4
. vf 3éx+4éy
aﬂ = — =
N4 5
y

D,=2a +6a, +4a,

3x+4y=12

Normal component :

_ — s . . . 3a,+4a,\(3a, +4a,
Dn = Dn-ay)a, = | 2a, +6a, +44, - 5 5
_ 3a, +4a . R
= Dy = 6{%} = 3.6a,+483, =D,,
Tangential component :
E_n = EZt
= 1t = l
& €2
= € = 26y 1= =
= Doy = =Dy = —{D1 _Dm}
3 €
= 2{(2,6,4)-(3.6,4.8,0)}
= 2{-1.6,1,2, 4}
=-32,24,8
Dy = 3.2a,+24a, +84,
Hence, D, = Dy +D, = -32a,+244,+8a,+364, +4.84,
= D, = 0.44, +7.24, +8a, V/m
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10 Electrical Engineering e Electromagnetic Theory MBDE ERSYH

cos 0, = |D2”|= 2 6 ——
2 0.4c+7.2°+8

= 56.14°
T15. BLIR
Q=C\V, = Cqu’
c,.C
C =212 _16
9 Ci+G
v gy
1.6
LY (c)
For air filled parallel plate capacitor
€, A
C, = ‘(’j
Q=C\V

The equivalent arrangement is parallel capacitor
_ 4e,A g, A Bg, A D

C = —ol ol =>2C
T 2q "2d 2d 27°
Qr=C,V
25Q = 2.5C,V
=CV
But Q=CV
: V=V
LA VA Sol.
e, Al2
Cc = 11=
1 d
€, Al2
C="%
y
W.= —cVv?
E- o
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Ik Sol.

Taking absolute value,

LA (a, b)

Before touching,

After touching,

Let 4 X
a

Let

For minima,

L. l[x+l+1}
F 4 X
flx) = )H—l

x
f(x)=0
, 1
ffix)=1-— =0

Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 11
W,
S 120.5
W, 2
= PL 5 Q X
oyleap.  Pmep 2nelp
V=—[E.dI =- o
-[ IZnelp P
_ . Q J‘ dp _ Q T dp
one, [ p[10+p) ene, 1 1, 10+p
p
. -Q ln[10+b}
2ne, ! [10+a
Q 2ne, |
C= X -_%0%0"
V| 10+b
In
10+a
C 2n e,
— = ———>—= =434.6PF
[~ T10+b fm
10+a
F o< d,9,
Y
Foc (Ch Clzj
2
, 2
F_ (@i+ %)
F 4010,
= l|:&+%+2:|
40 o
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Electrical Engineering

12

1p1N Sol.

tan 60°

NE]
o

d/

2Esin® + F

2Qx4 dx2
X

vV

[\
m .I>|_L

e Electromagnetic Theory

+1
2 (minimum value)

[2+2]>1

o’

V3

d-—d =0.134d
2

0
-

4Amed? d

16Q
5J5

O/

(b)

Concept : Method of images
For 131 :

For F; :

4me, x0.0180°
_Q’
0.018

16x0.018
5J5

=-0.025Q

I}_Fi =(1,0, 1)_(1101 _1)= 2éZ

; _ 24, _a

Tl 2

@, @,
4me (1) 16me, ‘

[www.madeeasypublications.org
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 13

For F;
F=7-7=(1,01)-(0,01=4
7] =1
. P
S
—CP .
E = a
R = de ()™
_ = = = Q° Qs Q.
Hence, F=HR+h+FR=- a, + (a, +2a,)-——a,
e 16me -~ 4nso(5\/§) 7 4me,
o @ [-é2+2é2+ a 4
dne,| 4 5/5 5/5 7
E = ;722 [O.91éx +O.O71éZ]N
o
T22. 118
50 mC
5m
5m
—-50 mC image
The induced surface charge density is the normal flux density at the point
Dnormal = ps
-3 9
Edue charge = 50x10 2;<9X1O =18x10° V/m

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

! lmC

D= 36x106x79 _
36nx10° @

[@ Copyright MRDE ERSYH www.madeeasypuincations.org)




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) %" 3r%

& x4
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.

[www.madeeasypuincations.org
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 15

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

So, a, = éy
— 1= .
Hence, H = EKxax
= 1x3o[ézxéy]
2
= -154,
H = -15 mA/m

()

Case(i):r<a y
Iy = [Jds= Jnr?
Homr = Jnr? .'A .
: )
- "2

.. Hoc r
Case (ii):r>a y
Iy = [J-d5=J-nd m
Hemr = Jna? " !
Je
= =
2r
Hee 1
P
L[ Sol.

Net flux through the loop is zero considering opposite directions of flux as interpreted from arrow shown on
the length of loop

jjB-ds =y, -y,=0

J s cpaz=[ [ oL apa

— - : - pZ
e 32 Ob‘2

%gl

Il
O*—=N

[
S
olo
N——

T7. §E)]

I
I}

|
<
<

As

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)
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19V, .
VV = . m
L _1.dh
onr - p do
Vi n/6
1
A I
'E " 2nn/3
= V.,=1A
LL: 3 Sol.
Iflow direction = Vector potential direction
Adirectionatp = &,
Bdirection = &, x4, =-a,
T9. ELIR
VA = —ud
vz 4, +V?2p°cos &, = —uJ
2
oo 10(,022) 10 (1022) 10 a2
pop| | pdplp pa Pz
10 0 0 10(10 , 0 190 0 0
2042 - p=(2 2 —ZlpZ(
Ve2p©cosd 5% (p ap( p COS¢)] aq)( aq>( p C°S¢)]+paz[paz( p COS¢))
= lcosq>-4-2-p—2c;osq>=6cosq>
Y
At the origin, V2A = 23, +63, =-pJ
J= E(Zép +63,)
LR ('A Sol.
_ _ —0A . R _
B =VxA = —pa‘bzga"” dsS = dpdza,
o o123 o2 o 15
o= [B-dS = EZ_[O_Lpdde:Z (5)=—, =375Wb
=0p= 0
T11. §E))
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LA PN Sol.
f=pN=p,,=01x1x10=1N
F = il xB=10(0.5)a, x-14, = -64, = |A=5
F. =F-f=5-1=4
Also, Fret = ma
ma=4 = a= 2-2_4me?
m 1
Now, V2 = (P + 2as
= \2 = 2as
= V= 2as=+2x4+1=+8=28m/s
INEN (b)
y
”1=2”o
a,
3
H, =64, +84,+ 44,
“d=5po
X
4\
3+ 4y = 12
Atx =0, y=3
Aty =0, x=4
As H, = 64, +8a, +4a,
_ — . 3,4,0 3,4,0
= A, = (Hy-8,)3, = {(6,8,4)(—)}(—)
5 5
- {1 8;532}(3éx +48,)=64, +83,
H, = F,—-H, =68 4)—(6, 8 0) = 44,
Now, at K =0, Fi = oy = Hop = 44
Also, By, = B,,
= M1F/1n = M2F/2n
= B o= ME =265 +23) =244 +084
2n n = 5 x ylh = =% e’

Mo
H, = F/2[+F/2n = 2.4a, +O.8éy +4a, A/m

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)
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IAEN Sol.
Hy, = 44, -5a,
H, = 8a, - 5a,
Hfz = H[1+K><éy
(H, - H,) = Kx3,
K = a,x(H,-H,) = & x(8a, -5a, - 44, +58&,) = a,x4a, =-44,
K = —4a,
T15. BLIR
C_‘SFIE = [enc
[enc = M
(_f)l:l-& = HZmp
LN
- 2np
—  uNI.
= - =27
B 2np
Now, ds = dpdza,
— uNI b
= [B-ds=""Zinpf°-h
0= ] 5o,
uNI (b)
= ——In|—1|h
= ¢ 21 a
uN?1 (b)
= N = In| —{h
- v o 2n a
2
[ = E:ﬂmLQJh
2 2n a
I[N (d)
Magnetic energy, W, = %fl?/:ldv
1
W, = EH'HHFdV
$H-aT =1, = [J-c5
1, I
e ™ TR
$H-dI = Hemr
2
Hemr = I
RZ
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= H= Lz
2nR
1% e
W_ == -rdrdodz = ar| do | dz
" 2‘[4112 2 4712/:1’4 '[ '£O ¢z_[o
2 4 2
= VVin = MI R_an = ﬂ
8n2R4 4 167
2
w, = 4L
16mn
IAVA Sol.
z
d
I
P z
60°
: p
dp i
d+b ;
(d, bV3)
ZT :
i m = —tan 60° = —\3
’ P
(d+b, 0)
7z =—3[p-(d +b)]
= z=43[(d+b)-p]
e ¢|oop IB ds
Ivvlre Ivvlre
5 Mol -
B = %
2mp
d+b
[B-ds = Bol . 7= ol [ b,
21p 2n 4 p
d+b
u,d "¢ dl w1 d+b d+b
= — d+b o -
o p;[dp(\/—( )— ) 2n\/_[(d+b|np| p| ]

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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= %{(d+ b)In[1+9}—b}

d
Mo\/g b
= 7[(o’+ b)In[1+a}—b}
uov3
= 7[6Ir1(3)—4]
= 897 nH
EEEE
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Time Varying Fields

[ 11. G

PR (200)
V= I(VXB)&
vV = p0g,
B = B,(-&,)
VxB = Bypw(ép)
al = dpép
V. = f—BOpooo’p = _807;)/_?2 :—ve sign b for0 —» R W
0
2
g = B"zﬁ’q‘” =01 A
I;}P= 2x0.1=02A=200mA
LA (d)
I8 (a, b, ©)

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

(@) v-D =p,
atp,=0, v.D =0 = V-E=0
(b) V-B =
0B
V [
(©) xE o
(d) VxH = J,+dy=Jy
= Vx— = a—D
U ot
R 5 el
VxB o

C@ Copyright mMRDE ERSYH www.madeeasypuincations.org)
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= 1 dE
= \v4 B - _ . _—
x c? ot
= 1 9E
VxB-—-— =0
- c? ot
EEEE

MRDE ERSY
— Publications






