Engineering Publications

'GATE | PSUS |

MAGNETIC NORTH

MAGNETIC SOUTH

Electrical Engineering

ELECTROMAGNETIC FIELDS

Text Book: Theory with worked out Examples and Practice Questions



Chapter

01.

Sol:

02.

Sol:

Static Fields & Maxwell’s Equations

(Solutions for Text Book Practice Questions)

Ans: 1
V =xcos’ y1+x eJ+zs1n yk

_ 2 A 2.zA I N
= X COS an+Xeay+ZSIH yaz

From divergence theorem

VD= j—x(x cos’ y)+—(xzez)+—z(zsm2 y)
=cos’ y+sin’y=1
dv = dxdydz

Putting these value in equation 1 we have
111

ﬁv.ﬁds =Ijjlxdxdydz
000

dxj dy
0

dz=1

S — —
ot~

Ans: (¢)
Given A = xygx +x2ay
Letl= §A.d ¢, I is evaluated over the path

shown in the Fig., as follows
y A

0 143 2/43

Fig.
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I—§Adxax,y 1, x =from —
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+IK.dy gy, x:i,y=fr0m1to3
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—J-Adxax,y 3,x = fromit

N
—J‘X.dy ;y, x:l/\/g,yI from 1 to 3
=Ixy dxJrJ-XZdy—J.xydx—J‘x2 dy
23 i 243

7y -y =Xy

1143 2 143
at. §p=1 x=2/4/3 y=3 x=1//3

1(4 1 4 3(4 1 1
-5(5‘5)7(3‘”‘5(3‘5]‘3“‘”

_ X2
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=l+ ————— = —-1+2 =1
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03. Ans: (d)
Sol: 1_3=pap+psin2¢ ay— za,
=Fpa, + Fyay+ F.a,
= 10 10 0
V.F=—— ——I|\F, J+—I(F
L) L9 (a2 )+ 2o
_pﬁp(p )+p8¢(psm (1))+ aZ( Z)

= 2 + 2sindcos¢ —1
=1 + 2sindcosd

V.F
¢:

L =2 VFL:O =
;

vﬂ . =2V.H
o $=0

04. Ans: (¢)
Sol: D=24,-234, D=|Dfa,

D[ =16 =4

=psan
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.5_4M g, o EQoLD) L =
h 4 *UIEQ -L1) V3 ’
=p.a, Py :4%2 or in 1, j, k notation, ap = € [—i +j- k]
J3
05. Ans: (d) 07.  Ans: (b)
C V= 1004 3
Sol: V'=10y" +20x Sol:  For valid B,V.B =0
E=-VV=-60x"a, —40y3f?1y
D =¢,E =-60x’c,a, —40y’c,a ia S a, (Xzax —Xya —szaz)ZO
0 0ax ody ox dy P Y
V.D=p,
2x x—Kx=0
0 2¢ 140 ; 2-1-K=0
P, =a—(—60X 80)+5(—40Y &) =
X
— 120 xe0 — 120 y?eo jo
2 08. Ans: (d)
pv(at 2, 0) :__1224%X8280 g G Sol: The two infinitely long wires are oriented as
= 0
shown in the Fig.
06. Ans: (d) z 1A g
SO]: GiVen —-Z-Z-Z-Z-3=-Z-:C -=-Z=-Z=:
V(x,y,2z)=50x>+50y*+ 50 Z° —ﬁzl 3,
E (x,y,2) in free space = —grad (V) E y >y
1A
=— iVa +iVa +iVa X A -
0x oy 0z P
— — B The infinitely long wire in the y-z plane
- [100" a, +100y a, +100z az] V/m carrying current along the &, direction
> produces the magnetic field at the origin in
E@-1L1)= the direction of a, x —a, = —a, .
- [100 a —100a +100a. JV /m The infinitely long wire in the x-y plane
’ Y ’ carrying current along the a_ direction
E(1,—-1,1)=100 \/(_ 1 + (1) +(=1) produces the magnetic field at the origin in
the directionof a, x —a = —a,
= 10043 where a,_,a, and a, are unit vectors along
Direction of the electric field is given by the the ’x”, ‘y’ and ‘z’ axes respectively.
) ) . > ". X and z components of magnetic field are
unit vector in the direction of E. non-zero at the origin.
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09.

Sol:

10.
Sol:

Ans: (a)

VB=0

A divergence less vector may be a curl of
some other vector

B=VxA
VxA=B
fA di=[B.d&
| s

JE@ is equal to magnetic flux

through a surface.

Ans: (¢)
In general, for an infinite sheet of current
density K A/m

H= lean
2

H= (53, xa,)

(Since z = 0 has normal component ay)
B, =12a +08a,

We know magnetic flux density is
continuous

Bnl = an

B, =04a,

Surface charge, k =0
H, -H, =0

H_ =H,

Yy Bt2 =H, Btl

1

B, = E(1.2ax+0.8ay)
B,=B,_+B, =06a,+04a,+04a,
Hom, H,=06a,+04a, +04a,

H2=-1{065x+02ay+04521A/m

Ko

=—4a, (-ra xa,=-a
Y ( T y) 13. Ans: (b)
11. Ans: (b) Sol: Tangential components of electric fields are
Sol: /I\ continuous (Et] =E
&=1 E,=a . .
' A € E,sina ,=E,sino, ————(1)
_ a, E;
g=2 E, =2a, P, >/
Dnz _Dnl = pS - (a) P Srl :3
D, =€E, =¢5a, / o ?
2 _
D, =¢€,2x2a =4¢;a, E; Srz—\/g
From (a)
(e0—4 €g) ay = ps= p=—3 € Normal component of electric flux densities
are continuous across a charge free interface
12. Ans: (a) D, =D,
Sol: ' ?
, =2 e, =1 3E,cosa = \EEZ cosa, ————(2)
a = 60’
7z=0 @jtanocl:tanoczzﬂanob:1
B, =1.2a, +0.8a, +0.4, (2 3 V3
B, =043, o, =45
¥ ace India’s Best Online Coaching Platform for GATE, ESE, PSUs, SSC, RRB, Banks, Groups & PSC Exams

.
Onllne Enjoy a smooth online learning experience in various languages at your convenience




[
N
o~
v
v4">
N ineeri i cati
\=99.” Engineering Publications

s

Postal Coaching Solutions

14. Ans: (¢)
Sol: Given flux ¢ = (t-2t)mWb

Magnitude of inducted emf ‘e" = ‘%

t=4sec

\e'\ — 322

t=4sec
=3(4)*2
=46mWb

This ‘e’ for one turn; but for 100 turns

¢ = N|e'[ =100 x 46mWb

l¢| =4.6 volts

15. Ans:(a,b & d)
Sol:
() \
—50g9 C/m” 50gy C/m>

—a, >

C,=_05b z=1.5a

4

Consider a point located at a for which
z > 1.5 and z > —0.5 as shown in figure.
At this point a, =a, for both the surface
charge densities. Hence

E(z)= S0¢, a, {—5080}32 =0V/m
2¢g,

(b) Consider a point located at b for which
1.5 > z > —0.5. For surface charge density
of 50gpC/m°, &, =-a, where as for

—50gC/m’, 4, =4,
. E(z):sogo(—éz)+[_5080J(éz):—5052V/m
2¢g, 2g,
(c) Consider a point located at ¢ for which
z<1.5and z<-0.5. At this point a, =-a,.

- B)= %0 (4 )4 (—25:80 ](éz)= 0V/m

2g, 0
0 z>1.5
Hence we have E=4<-50a, 1.5>z>-05
0 z<-0.5

(d) In the region 0.5<z<1.5(1.5>z>-0.5)
E=-504, and A =(x, y, z) and
B =(x,y, —0.5).
A —N
Vi =—| EdL

= —J':(— 50, )(dxa, +dya, +dza,)

=50[" dz=50[z[,; =50(z+0.5)
=50z +25
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