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DETAILED EXPLANATIONS

1. (b)

A = 3x%yza, +x° =5, +(x°y —22)a;
a a4

PR T R}

% x oy oz
3x%y 1Pz PBy-2z

= éx(xs—xS)—éy(3x2y—3x2y)+éz(3x22—3x22)
VxA =0

Hence the given field is conservative (or) irrotational.
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2. (a)
1+[T] _1+0.
S = VSWR =

[
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[
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o
o

4= 7%73

Since minima is observed at load,

3. (a)
Because of image formation

With the resultant effect of all the forces when compared to F, alone the force is decreased.

4. (b)
F = RARPY
2nd
. . 12a 1°a
Net force on sides parallel to the wire = Hof7@ Mol74
2na 2n2a
18t term attractive, 2" term repulsive and repulsion less than attraction

]2
Ko towards the wire
T

F =
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10.

| Electrical Engineering msﬂEtEmEﬂgps‘_:!
(c)
Fo_0QQ
dn gye, d
Foel
ef
R _&
[
= F, = € F,=225F,
(b)
Vxﬁ = é
. 0B
VXE = —E
N 0 = 0A
VXE = —g(VXA)— (—E]
R oA
= E = ——
ot
(a)

Total charge within the region is given by:

Q = [[[psoxaydz

xyz

222 5 5P 52
Q = [[[40xyzdxdy dz= 40x| 2| x| L | x| Z

000 2 0 2 0 2 0

= 40x2x2x 2 =320 Coulomb
(d)

From the given diagram, we can find that the distance of centre of loop from each side of square is equal
to2.cm.

. As we know analytically the magnetic field intensity H due to one side of loop is given by;
., I -
Where direction of His always -4, .
Therefore total magnetic field at centre of loop is obtained by adding field intensities due to 4 sides.
H_ . = 4H

total each

0 4x1 4x2
‘ ‘ T oxna 2xmx4x1072

45.016 A/m = 45.02 A/m

=
[

(c)

Since given function is a vector function and Stroke’s theorem is valid for any vector function.

(b)
Work done = charge x potential difference
So, WD = AQ(V,-V,) =-AQ(V,-V,)
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12. (a)
- S_-_4
gy A-g
So, g = EAg,
= 10°% x 100 x 10 x 8.854 x 10712
= 8.854x 107" C
13. (d)

(@) represents Maxwell’s equation in integral fromi.e.

<_|5Hdz=j!(cE+eZ—’fjds

(b) represents Ampere’s circuital law
(c) represents Maxwell's equation in point form
(d) isnottrue

14. (b)
An emfis notinduced if the plane of the coil is parallel to the lines of the magnetic field, since the magnetic
flux through the coil does not change when the coil shrinks.

15. (b)
The motional electric field is given by
|Em| - |U|X|é|
= (0.01)x (37.5)

0.375N/C=0.38 N/C

16. (d)
We can find the conversion from spherical to cylindrical cordinates, by first converting point Pinto cartesian
coordinates and then to cylindrical coordinates.

x = rsin®-cos¢ =10x sin(%} cos(g) =25m
Y = rsinB-sing =10 xsin(%) sin(g) =433 m

Z = rcoso = 10xoos(%j =8.66m

Now, p = JxP+y? =257 + (4337 =5m
o = tan‘(zj =tan”' (ﬂ) = 60°
X 2.5
z = 8.66m

T
Il

Then point Pis, (5, 60°, 8.66) in cylindrical coordinates

17.  (a)
The given vector is in cylindrical coordinates,

A = pzsing &, +3pz”cos¢é,

/%-ép+A¢-é¢+AZ'éZ

|
Il
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+ 1%.’_ aAZ
pJdd 0z

. - 19
div-A = V-A=——(p-A)
p Ip

- li(p X pZSsinog) + li(3pZ2 cos¢)+0
p 9p p 00

_ 1(2pzsinq>) _1 (3p2% - sing)
p Y

= 2zsin¢p-322sinp=(2-32) zsin ¢
o
i 5—1
At pomt( > )

div-A = (2—(3x1))x1sing=—1

18. (d)
Given, Q, = -4uC
Q, = 5uC
P(1,0, 1)
R, R,
Q, (2,-1,3) Q, (0, 4, -2)

From the figure, we can write,

Distances, R, = \/(2_1)2.,.(_1_0)2.,_(3_1)2
and R, = JO-12+(4-02+(-2-17
= 26 m
Now potential at point P due to Q, is,
Q ~4x107®
Vi= g == = =-14.70 kV
ol
4| —— | X+/6
" [SGnJ v
Potential at point Pdue to Q, is;
V, = - OZR - 5X19076 — 8.825 kV
nE -
2 4 [ 1971 26
36m

Total potential at point Pis obtained by superposition,
V= V,+V,=(-14.70 + 8.825) kV
V = -5.875KkV

19. (b)
The incremental work done is

dW = —QE-dl
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Where

The work is done in the direction of éx +

The work done is,

20. (c)
Electric potential is given by

Where,

Hence,

21.  (c)
In spherical co-ordinates

al =

aw =

al- 4

a +a,

~4 % (4004, - 3004, + 5004, ) x

-4x103(400-300+500) 2.4
V3 V3

-1.39 Joules

Mr\)

:Dk I _ 1 P1/’1 + ID2./’2
k=1 47'ceol’k3 47'C €0 /’13 r23

-ba,,
(0,0,0)-(0,0,-2)
282, r1 = |f1| =2
9a,,
(0,0,0)-(0,0,3)
—382, Iy = |f2| =3
1 [5a 25, 9&2.(;3512) 10
107° 2 3

I 2
X 36m

E_z} X 10—9

——9{_ 3 3
(471><1OJ 2 3

107

~20.25 V (€g=—3— =884x 10712 A/m)
7T

aD,
rsin® do

1 0 .
= a—(r D,)+ rsineﬁ(D"Slne)Jr
1 0
T

( 0 —(1- cosBr)) = 3—923in3r
TCr T
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22. (c)
Lo Lo Lo L
q1 = q L1 = L
% =q L, =1
g; = —q L3 = \/EL
q4 = _q L4 = '\/EL
R < U B B B 1 .2_67(1_;)
T 4mey\L L 5L 5L)  4mne, L J5
23. (a)
The magnetic field intensity produced due to a small current element 7d! is defined as
. IdIxa,
aH = —( 7

4 R?

where d/is the differential line vector and &g is the unit vector directed towards the point where field is to
be determined. So for the circular current carrying loop, we have
dl = adoa,

éF?:_é\%

Therefore the magnitude field intensity produced at the center of the circular loop is

— 2z [ d¢é¢ X(_ép) ] 21 A ] ~
= a = —2 a, = —a, A/m
" ¢'Io 471:32 47582 [q)]o z g% /
24. (c)
Given, Magnetization, M = 2.8 A/m,
X, = 0.0025

The magnetic field intensity in a material,

M 28
H= —

= =1120 A/m
X, 0.0025

The flux density, B = (14 %, )MoH = (1+0.0025) x 4 x 107 x 1120
= 1411 mT
25. (b)

Given,

>l
1l

yza, +xya, + xza,

a & a

. d d 0
VxA =150 %) oz
yz xy xZ
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26.

27.

28.

29.

Vx A a,(0-0)-4,(z-y)+a.(y-2)

= -a4,(z-y)+a,(y-2)
At point (0, 1, 2)

vxA = -4,(2-1+4,(1-2)

VX/_A y_az

Il
|
D

VXA = JFF =2 =141
(a)
C one 2nx4x8.854x10712
- = = =138.3 pF
L mg In5
a
(d)

According to Gauss Law, the volume charge density in a certain region is equal to the divergence of electric
flux density in that region.

—

ie. p, = V.D

(%éx + %éy +£;izéz).[(3y2 +42)a, +2xya, + 4xéz]

p, = 2x
So, total charge enclosed by the cube is:

221
Q = [p,aV=]][(@x)dxdydz) = [x2]§x2x2
00-1
Hence, Q= 16C

(c)
According to Ampere’s circuital law the contour integral of magnetic field intensity in a closed path is equal
to the current enclosed by the path.

i.e. cf)ﬁdf =1

enclosed

Now using right hand rule, we obtain the direction of the magnetic field intensity in the loop which will be
opposite to the direction of L.

So, cf)F/.df = -/

enclosed —

-20 A

(10 Ais not inside the loop so it will not be considered)

(a)

Electric field at any point due to infinite surface charge distribution is defined as

Where p,— surface charge density,

www.madeeasy.in © Copyright: MADE EASY
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30.

a, — unit vector normal to the sheet directed towards the point where field is to be determined.

At origin electric field intensity due to sheetat y = 1 is

= Ps , = 5 .

E, = ——(-a,)=-——a
! 260( y) 2¢y
(én:_éy)

and electric field intensity at origin due to sheet at y = -1 is

- Ps » 5 .
a,)=——a
E-s 2 eo( y) 2¢ey
(én = éy)
S0, net field intensity at origin is
S = = 5 . 5 .
E=EH+E4,=-—2a,+-—a,=0Vm

(a)

Consider the two dielectric as shown below,

Region 1
3 e =4¢,

E-= 4a, Region 2
€25 €

Since the field is normal to the interface so, the fields are

E1n =2
and E, =4
From boundary condition, we have

D1n_D2n = Ps

€1Ein— b2 = p,

(where p. is the surface charge density on the interface)
4(ep)(2)-(e)(4) = pg
8¢ 0~ 4 e 0 = Pg
460 = p,
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