CLASS TEST

Sl.: 01SKEE-ABCD-20072023

N=

MADE EAQASY

India’'s Best Institute for IES, GATE & PSUs

Delhi | Bhopal | Hyderabad | Jaipur | Pune | Bhubaneswar | Kolkata

Web: www.madeeasy.in | E-mail: info@madeeasy.in | Ph: 011-45124612

ELECTROMAGNETIC FIELDS
ELECTRICAL ENGINEERING

Date of Test:20/07/2023

ANSWER KEY >

1. (d) 7. (d) 13. (c) 19. (a) 25. (b)
2. (c) 8. (d) 14. (d) 20. (b) 26. (c)
3. (c) 9. (d) 15. (b) 21. (d) 27. (b)
4. (c) 10. (c) 16. (c) 22. (a) 28. (d)
5. (c) 1. (b) 17. (c) 23. (a) 29. (a)
6. (a) 12. (c) 18. (b) 24. (c) 30. (a)




[ MADE EASH (HFI7kSIWIl - Electromagnetic Fields | 7

Indig’s Best Institute for IES, GATE & PSUs

1. (d)
It depends whether both charges are of same or opposite sign, if both are having same sign then
potential energy will decrease and if having opposite signs, then it will increase.

2. (c)

Using the equation, V = the potential due to +10 PC is

4megr

(10x10712 C)x (9x10° Nm? C2
Vi = 1x1072 m

The potential due to +20 PC is

)_9v

(20x1072 C)x (9% 10° Nm? C?)

=18V
V2 1x102 m

The net potential at the given point is
9V+18V =27V

3. (c)
Let us take a small element As on the surface of the sphere.

—

D

s

As

q

4mr

The electric field density here is radially outward and has the magnitude 7
where ‘7’ is the radius of the sphere. As the positive normal is also outward, 6 = 0 and the flux
through this part is,

Ap = D-AF=—T_ As
4nr

Summing over all the parts of the spherical surface,

q 9 2
= 2(AP)=—5-2As = dmr” =
¢ 4mr? 4mr?
4, (c)
From the diagram shown below,
Required vectors are

— A N ~ 10nC
R1 = —3ax + ay + 2112 ©,3,1)
-3, + 4, +2d 1 mC
o, = —2 ¥ % G,2,-1)
— ~ ~ A -1,-1,4
and R, = a,+4a,—3a, ( )

) by + 4, - 30,

Force on 10 nC due to 1 mC charge is,
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- _ (0x 107°)(1x107%) 3 +4, +2a,

b 4me (\/ﬁ )2 V14

1.72(-34, + 4, +24,)x107

F = -5.164, +1.724, +3.444, (mN)

Force on 10 nC due to -2 mC charge is,

(10x107%)x (-2x107°) y iy +44, - 34,

4 (26)? (v26)

E =7

~1.36(d, + 44, ~34,)x 107

The force is obtained by superposition;

F = F+F =(-652, —3724, +7.524, ) mN
5. (c)

Given, z 0 and 7#ab

So, it is clear that both ﬁ,l_; are in x-y plane.

The vector perpendicular to both d,b will be in the direction of z-axis.

6. (a)
A vector is said to be irrotational when its curl is zero.

For vector A

ay a, a,
SRR )
ox dy 0oz
yz zx Xy

~ |0 0 .| 0 0 .| 0 0
- | o)~ o) |- [ - 00 | e )
VxA =0+0+0=0
For vector A to be solenoidal, its divergence must be zero
vxA =0
S d J d
VxA = 5°(42) +@(zx) o, ) =0

Therefore option (a) is correct.
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7. (d)
From Biot savart law,

TIqu)aq, X (=dp) _ [LTR_@};,

- _ 5 |,
B e any R
N
H = oR™
8. (d)
In cylindrical coordinate system:
a, pdy 4, a,  pdy 4,
.10 o a|_ 13 a2 a
VXA T L0 90 0z el a0 oz
Ay Ay A, 0 psin2¢ O
= l_ﬁ (0)—pﬁ¢(0)+&zi(psin2¢) = 1(sir12<[))£zZ
pL"? dp p
at point P(2, m/4, 0),
VXA = %sin[Zx%)ﬁz = 0.54,
9. (d)
Let vector B in Cartesian system be;
B = B.a,+Bya, +B,a,
Where, B, = B-d, =(-pi,+24,)
= +psin ¢
B, = B-a, = (-pay +zd,)-a,
= -p cos ¢
B, = B-a,=z
As we use the relation,
X = pcos O
and y =psind
then, B. = pX I - Y
* p
By = —pX—=-x
z =2
then the vector, B = ya,—xa, +za,
10. (o)
If the divergence of a given vector is zero, then it is said to be solenoidal.
V.A =0

By Divergence theorem,
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11.

12.

§AT

S

[(v.A)dv
1%

So, for a solenoidal field,

V.A 0 and CJ'DAES) =0
S

(b)

The surface charge density of inner cylinder,

_ Qin—cy
ps, in-cy 2mrL
where, Qjp.cy = total charge in inner cylinder
r = radius of inner cylinder
L = length

-9
p, = 20X 13? = 9.549 uC/m?
’ 2ntx(1077) (0.5)

The inner electric flux density, (for region between 1 mm to 4 mm)

s 107°x9549x107° 9.549
D = — = = n
P P P P

Electric field between cylinders,

D -9
p o Dro_ 9509x10° 107898,
€0 885x10 P p

(c)

C/m

2

\%
We know, D = €eE=e—
dD edV ) ) )

] = o ddr (as voltage is function of time)

If ‘s” is area of cross-section.
Displacement current,
I, = I PR s= E d_V = d_V
d d dt dt

For conduction current,

c dt dt dt

Al I — sed_D—sed_E—gd_V—Cd_V
50, ¢ T dr T dr d odt o dt

The value of conduction current and displacement current are same,

Displacement current

. - 1
Ratio Conduction current
-9 -4
I, = 4x10 x10X103 x£(205in103t)
36m 4%x10™ dt

www.madeeasy.in
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4x107° X10><104

%103 x20cos10° ¢
36m  4x107°

-9
_ L3x 2005103 = 0.17683x 10~ cos 10°%
36mx 10"

176.83 cos103t nA

13. (o)
We know, p, = V-Dzaaﬁzpcosz(b
Z

The total charge enclosed in cylindrical section,

Q Jpv (71V=J‘pcos2 dpdddpdz
(Y (Y

2 2 2
_[ dz f cos? 0do J- p2 dp
z==2  ¢=0 p=0

2 32n
= (4)x(m)x—~—=—-C
(Wx(mx 2=
14. (d)
For boundary between two ideal dielectrics:
We can use conditions,

E,, = E,= (1004, —4004,)V/m

11
and =D,

Dnl
E = ErZEnZ

Erl nl

€1 4
- —L.€,;=—x300=200V/m
Ep = ¢, =6~ /

Ez = 2004, +100a, —4004a, V/m
Hence (d) option is correct.

15. (b)
Note here that the point of interest is on z-axis and the side-1 of the triangular is on x-axis. So no
need to consider other sides.

(0,0,0)[*=0 @
10A 2

The perpendicular from point P on the current filament is at (0, 0, 0). The vector and unit vector
in the direction of perpendicular towards point P is,

R = 5&
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16.

17.

A

and agp = a,

The angles made by ends of the filament with the perpendicular are (dotted line),

o, =0;
o, = tan‘l(%) = 21.80°

The current filament along x-axis gives

A A

ap = ay

Now the direction of H is,

A

Ay = aqyXag =a,XxXa, = —ﬂy

The field intensity due to finite filament is,

H = ﬁ[sinocz—sinocl]&q)
-1 [sin(21.80) — sin(0)] (-4,
41 (5) ' Y
H = —59.11ﬁy (mA/m)
(0)
Force, E = I(fxﬁ)

= 10(24, x0.02(a, - a,))
= 10(0.04(~4,) - 0.044, )
= —0.4(?19( - 0.4&:1/

Force acting per unit length,

fal —0.4a, —0.4a,
L 2

= -0.2a,-02a,
F .
T = -0.2(a, +a,)

(c)
The flux ®,, at i1 =5Ais

O =BxA

= 1 x (30 x 107%
®, = 30 x10™* Wb
®,ati, = 10 Ais,

®, = 1.5 %30 x 104

Increase of flux when current is increased from 5 to 10 A

0.5 x 30 x 104 Wb

0.5x30x 107
5

% (average)

d
d—q;(average) = 3x10%Wb/A

Mean value of inductance,

www.madeeasy.in
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do
= N_
B
L = 2000 x 3 x 10~
L = 0.6 Henry.
18. (b)
i j k
R )
VxH ox dy 0z

2y (2-x%) 3y
= i(3-2z2)+k(-2x-2)

= (3-22)i - (2x+2)k
At the origin, x=0,z=0
VxH = 3{-2k

V-Hl = J32+22=-J13

19. (a)
In cylindrical coordinate system:
O N
5 1| 9 9 9 1|0 0 0
V A = PR P - - = —|— —_— —_—
X olap 90 0z| elp 90 oz
Ap pA¢ A, 0 psin2¢ O
l_ﬁ (0) —pay(0) +a i(psir124)) 1(sir12<[))£z
I R TP :
at point P(4, m/6, 0),
A = in| 2 TEA=1._3@=£&
VxA 75 xg a, = 5= gl
20. (b)
The given vector A isin spherical coordinates
A = 2rcose-cos¢ﬁ,+r1/2ﬁ¢
i = ——(r"-A)+————-—(sin6- Ag) + —
div.A 72 or ’ r) rsin® ae(sm o) rsin® 00
10/(,3
= r—zg(Zr COSGCOS¢)+O+rsin6(O)

= 6 cos 0 cos ¢

At point (11212) ,
4°3

V-A = 6cos[%jcos(g) =2121

© Copyright: MADE EASY www.madeeasy.in
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21.  (d)
The incremental work is given by:

dW = -Q-E-dl

Now d/ in the direction of é¢;

dl = rddd, = 6x107°4,
Thus E.dl = -200 x 6 x 107 = -1200 x 107
dW = -40 x 1076 x (1200 x 107%)
= 48 n]
22.  (a)
C =4mnea where ¢ = g,
a =18 cm
-9
C = 4n><10 x18x 1072
367
= 2x 1071 =20 pF
23. (a)
. 0.01 m/4
I = _[ .ds = j f 100cos 2ya,d, d, i,
-0.01-n/4
. n/4
— [0.01+0.01]x100x 02Y
-n/4
_ (50%0.02)x sin[ﬁ) - sin[_—n) =2A
2 2
24. (o)

The potential is given by:
A —_— —_—
B
PL

Now, we know that F = a
2megp

, for infinite line charge

107 . 18,
0 apz—gapV/m

10”7 P
2n —— |p

36m
dl = dp-a,+pdda, +dza,
18

i
Il

E-dl = de
718
Vg = - dez[—lSlnpﬁ = -18[In2 - In4]
4

= 18 In 2 =12.48 volts
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25. (b)
Consider the diagram shown below:
z
/ \\P(OI 0/ Z)
Rz/’ R,
¢ e x
Q(-1,0,00 0 Q:(1,0,0)
Distance of Q, and Q, from point P are:
R, = Ry=+z*+1
Since, Q= Q,
and R, = R,
Now, potential at P is twice that of single charge
VvV = Q
4TE€0R1
-9 144
= 2Xx 8 X_190 = \/ > Volts
4nx(10j\/zz+1 Z+l
36m
av d 144
dz — dz| (2 +1)1/?
= 144><[—%(zz + 1)—3/2} 2z
av —144z
dz (2 +1)Y?7
‘d_V _ 144z
dz (22 +1)%?
26. (c)
. AV 250-100 3 100V
= — ==—F7 = X
AZ  5x107 /m
E =-VV=-3x10%, V/m

2 _(107°
= _ E=
D = %% { 36m

] x 2.4 % (-3x10%)a,

D = -6366x107 4, C/m?

Since D is constant between the disks, and D, = p, at a conductor surface.

p, = £6.366 x 1077 C/m?
Positive sign on the upper plate and negative sign on the lower plate.
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27.  (b)
Magnitude of electrical flux density,
= Q
B = e
4n|R|
R = 12+ (3)% +(-4)> =5.099 m
L 40x107° ,
B - 4n(5.009)2 ~ 12243 pC/m
28. (d)
As we know;
VxA = B
Where B is magnetic flux density:
o Wb
Unitsof B = ~— 5
m
= Wb
Therefore, unitof A = 7
1
units of V.= —
m
29. (a)
At the centre of the loop, assuming loop is horizontal,
A= i
Co2rt
= I _4nx107 x1x107 .
Magnetic flux density, B = “2%= X 02><X2 x10 a,
B = 03144, (n Wb/m?)
30. (a)
- _apv . . .
V-] = EYRR continuity equation
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