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Vector Analysis

LA (d)
B = —pa,+2za,
p = x+y
z=z
EN cos¢ sing 0]]a,
4 | =|-sino cosy 0|l a,
a, 0 0 114,
= 3, = —singa, +cos¢a,
tan¢ = 4
X
B = —Jx* +y?{-sin0a, + cosa, } + za,
2, .2 Y X A 5
= —Jx°+y a, + a \+za
\/x2+y2 \/x2+y2 1 ‘
= ya, —xa, +za,
T2. [Gk))
As J‘F_‘d_ = _[ydx—fxdy
c
So, y=x> = dy=2xdx
_[/?-dl_ = _fxzdx—fx-Zxdx
c

f(xz —2x°)dx = — J. x°ax

_|:§+l:|5_3
3 3
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MRBDE ERSY Detailed Explanations of Try Yourself Questions : GATE 2027 3

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

dyay

(0,0,0)—%_4(2 0.0) (2,7,0)—%_y(2.7,4)

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

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

[(v-D)yav = [(5r)-r?sinodododr = 589.1C

LEM (d)
10 10 5 d
V-F= —— + ——[p(sin“9)] + — (-z
S5 PP+ SO+ (-2)
= 2+2sinpcosd—1=1+sin2¢
LCA Sol.
- 10( o1 1 0, o. . 1 0
A= ——| rF—=|+———(-rcsinbsind — (10cos
s 2 ar( rj+rsine ae( )+rsine a¢( )
= i—2rco 6_10§|n¢
r rsin®
> 1 1 10
VA at (22,2) = ——4x—- -1 705 =965
42) 4 N2 o, 1
J2
LvAl (b)
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)

$A-dl = {
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Instrumentation Engineering e Electricity and Magnetism

A=3x%y%4, - x3y2éy
dl =dxa, +dya,

A-dl = 3x2)Pdx — x3y2dy

A-dl =3x%y3dx - x°y?dy

Path AB: y=x = dy=adx
o 2 OF
[A-dI' = [3x%yPdx—x3y2ay = [3x® - x°dlx = [ 2x%dx = 2: 55| =2
x=1 1
Path CA: x=2 = dx=0
Path CA : y=1 = dy=0
- 1 3|
J.Adl = fozyde = 3y3 f x2dx aty: 1 = 3% =—7
x=2 2
Path BC : x=2 = dx=0
$A-dl = 21420 _7-%8
3 3
L 1
jA-dl = —‘[xSyzdy atx =2
2
_s6
I
$A-dl = 21426 _7_98
3 3
[(vxA).dS
5 & 4
- 0 d ad 2 o
=| — — —| =-12 a
VXA =1 % dy oz * Ve
3%y —x*y* 0
ds = dxdy(-a,) (using RH curl)
_ 2 x 2 )0 x 10 2
[VxA-d8 = 12 [ Pdx [ yPdy =12 [ Paxl| =2 [ 2Pax(x*-9)
=1 =1 =1 31, 3.4
X y X y=2 X
p) 2
98
= 4{J1.x5dx—'|1.x2dx1 =3
EEEN
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Electrostatics

LA Sol.
v =Q,.=[Rdv =[(V-Diav
= v = f(y+x+z)dxo’ydz
%
2 4 2 2 4 2
= 'f ydy'[dx_f az+ _f zdzjo’xj 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|1'2|71+? -y|_2-Z|_1+? vl
-2 1 -1
= Y= O+§-4-3+g-3‘4=90+18=1080

(b)

2 2
V-D= ! i(p20p)+i pp_ = 2o><2p+l-3iz40+p
p|dp p| 3 P 3 p

LM Sol.

O//—» Circularring p, =12 C/m

8m

Total charge enclosed = p, x2nR =12 x 21 x5=120nC
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 Instrumentation Engineering e Electricity and Magnetism MRDE ERSY

For2C, r, = V42 +8% +3% =9.43 — Outside the sphere
For8C, r, = \2? + 1 + 32 =3.74 — Inside the sphere
For-12C, r, = 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=PLs
2np =2
ds = dydza, 5
AN Ja_ PL
= |D-ds=—dydza, -a
0 2np Yaza, - &
p=x2+)?; &-a =coso i
PL
0= 7dydz cos¢d
J~21T4/x +y?
)
tan¢ = Yy 39 y
X
¢
Ccos ¢ = al

- 970' B

¢ f271:\[x +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 : GATE 2027 7

20, 2 1
=2 — g
2n -[ y

_ 8p tan’(1
T on 4 (2

= 2ﬂtan_1 (lj .2
T

2
= ﬂtan_1(l)
i 2
= 5.903nC
LM (b)
P, = pvoe_t/Tri T = Z
Py, /T,
= p, et
3 Pv,
t
— = 1.0986
T
o 15)10° 0
" 1.0986 '
1.4x10° x2x107™
&= 12
8.85x10
= 308.56
T10* ()]
E=-|Wa s %y
o lox Y9y Y 9zt
v 2y3 — 3y
ox
= V= 2y3% - 3xyZ + Ay, 2) (1)
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8 Instrumentation Engineering e Electricity and Magnetism
?)_‘; = 6x)° — 3x 22
= V = 2xy8 - 3xyZ + f(x, 2) ..(2)
oV
— = —6xyz
0z xy
= V= -3xyZ2 + f(x, y) ..(3)
Equating equation (1), (2) and (3)
V = 2xy3 - 3xy?
T11. BLIR
V= 100(x° - y?)
At (2,1, 1), V' =100(4-1) =300
So, 100(x% - y2) = 300
= ¥-)=3
La PR Sol.
V2V =0
- vy 1 [ (hhav), o (hhav), a(hhov
hhohg | oul hy du) ov\ h, dv) oJwl hy ow
AsV = f(0)
= V2V= 1|:i(la_vj} =0
pLIo\p 99
9’V oV
= — =0 == — =A
902 9
= V=Ap+B
At o =0°, V=10V = 10=8B
At ¢ = %, V=150V
150 = ﬂ+1O
6
= A= @
T
V= (@q)ﬂo)v
T
As E=-vVV= ﬂﬂéq)
p 09
= E = [_840514,] V/m
oy
- = -840 .
D = ¢e,f=
€5 ™ €0
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As the conductor is a plane surface.

p,=1D]|
So, pg= %
np
= Q= J.psaé
ds = ds§, = dpdz3,
840¢ 840 Z
Q= Odpdz = —=¢ |
[= 2P o cone| 2ly
Q= 84%0 0y o g-164nC
T
Ik kN Sol.

Q=C,V,=C,V

Detailed Explanations of Try Yourself Questions : GATE 2027

c,C
Cc =222 _18¢
a4 Ci+G,
v=22 _isy
1.6
T14. §(A]
For air filled parallel plate capacitor
€, A
C,= =
1 d
Q=C\V
The equivalent arrangement is parallel capacitor
4e A A  bBe A
Ceq: £, €A _ 9%, =§Co
2d 2d 2d 2
Q= Cqu’
25Q =25CV
Q=CV
But =C\V
: V=V
T15. BLIR
e Al2
C = 11=
! d
€, Al2
=g
y
We= —Ccv?
Fo2
W,
B l=o,5
W, 2
(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




10 Instrumentation Engineering e Electricity and Magnetism MRDE ERSY
LGN (b)
Concept : Method of images
For 131 ;
F = Ff_Fl =(1,0, 1)_(1101_1)= 2é2
R r  2a, .
a = —= Z =a
r |F| 2 Z
- AP
V7 dne ()7 16me, ©
For F; :
r=r-r =(1,01)-(0,0,-1)=a,+2a,
7] =5
4 - T a, +2a,
S VA BN
_ @ & +2a,
%2 = ney5) B
For F;
F=F-T =(1,01)-(001)=4
7] =1
LI e
e
—P .
E — a
s = dme,() ™
g | 2 2 2
Hence, FeRehah= -2 a+—2 _(3408)-2a
16me ©  4me,(55) 4me,
- @ [—az+ 28, A _éx}
dne,| 4 55 55
—CP R R
E = 0.91a, +0.071a,|N
F 471:80[ * d
LAVAN Sol.
50 mC
5m
5m
—50 mC image
[www.madeeasypuincations.org MRDE ERSH ©Copyrigh9




MRBDE ERSY Detailed Explanations of Try Yourself Questions : GATE 2027 11

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° W
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Magnetostatics

1
H o< g for a square loop

LA Sol.
i

H,

v (b)
Bat centre =

LA (d)
ay =
1. Forxy-plane wire : ay =
2. For yz-plane wire : ay =

LM Sol.
K =30 a, mA/m

®©® ®© ®©® ©® ® ©/©® ® ® ® ® ®

Ld_20 0

I, dg 5 d/3

Mol 1.1 e
2R| 2 4

Bol| 1 15 _Holg
°R 1_( 1) % =3p%

& x4
a,x-a, =-a,
a,x-a,=-a,

y

4,24,
* P(1, 20, -2)

y=0

K:

X

30a, mA/maty =0, i.e., xz-plane.
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Detailed Explanations of Try Yourself Questions : GATE 2027

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
= 154,
H = -15/ mA/m

I flow direction = Vector potential direction

A directionatp = 4

Bdirection = 4, xa, =- 4,

VPA = —ud

V?z% 4, +V?2p°cos &, = —uJ

10 d 5
V22p2cosh = — —| p— (2p~ cos0) |+

At the origin,

(a)

Also,

Now,

oo 1o 82 192°),10 az
Veze = —— | p— +
pop|l dp | p ap p A p az| "oz

1 J0(120 10 0
™ 5 aq)( ¢(2p cos¢))+ga—z(p e (2p cos¢))

= 1cos<]>-4-2-p—2003q>=6cosq>
P
V2A = 24, +63, = —pJ

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

F = il xB=1000.5)a, x-14, = 54, = |A=5
P = F-1=5-1=4
Fret = ma
ma=4 = a=i:is4m/s2
m 1

= P + 2as
\2 = 2as

= Joas=2x4x1=/8=28m/s

(@ Copyright
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14 Instrumentation Engineering e Electricity and Magnetism MBDE ERSYH

T9. N
y
”1=2”o
a,
3
=64, +84,+44,
Hg = 5H,
4\x
3x + 4y = 12
Atx =0, y=3
At y = O, or = 4
As H, = 6a, +8a, + 44,
= e 3,4,0 3,4,0
= Fl = (-4, = (684 222} [ 222)
5 5
18+ 32 A - A .
= { o5 }(Sax+4ay)568x+8ay
H,; = H,-H, =(6,84)-(6,8,0) = 44,
Now, at K =0, Fy = Fyy = Hy =45
Also, Bm = B,,
= iy, = pofb,
= A= MA - 265 +23) =244 +0.83
2n n in — 5 be y | = £.5dy .04,
2

Hy, = Hy +H,, = 244, +0.84, +44, A/m
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Time Varying Fields

()
(d)

LEMN (3, b, )

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

(a) V'5 :p\/
atp,=0, V.-D = = V.E =0
(b) V-B =
0B
(€) VXE = T3
(d) VXF/ = Jc"'Jd_Jd
= VXx— = a—D
u ot
L9
= VxB 5
= 1 0E
= = ..
VxB o2 ot
= 1 9oFE
= VXB—?~E =0
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