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Chapter

Static Fields & Maxwell’s Equations

(Solutions for Text Book Practice Questions)

01. Anms:1
Sol: V =xcos’yi+x’e’j+zsin’ 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

=jdxjdyjdz =1
0 0 0

02. Ans: (¢)

. - - -
Sol: Given A =xyax+x"ay

+IK.dy gy, x:i,y=fr0m1to3

NE)
—J-;‘:.dx ax, y=3,x =from = toi
NG
—J‘Z.dy;y,x:l/\/g,yIfromltOS
=Ixydx+jx2dy—jxydx—jx2 dy
243 51243
X

+X2Y|13—Y7

2
_ X 2 3
T -,

1143 143
at y=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“‘”

03. Ans: (d)
Sol: F =pa,+ psin’d ay— za,
=Fpa, + Fyay+ Fa,

S V.F = li(pr)+13(F¢)+£(FZ)
Letl= §A.d ¢, I is evaluated over the path p op p Ob 0z
shown in the Fig., as follows _ li( 2) _i(p sin> ¢)+ i(_ z)
y A p Op p 0 0z
= 2 + 2sindcos¢ —1
3k =1+ 2sindcosd
v.}_?‘ =2 vﬂ =1
o= 4=0
C — —
1 V.F‘ . =2V.H
== ¢=0
0 '\/_ '\/_ > X
1/4/3 2/+/3
. 04. Ans: (¢)
Fg. Sol: D=24,-234, D=|Dfa,
I=§Z‘:.dx§fx,y=l,)(zfromi‘[0i — .
3 3 ‘D‘ =16 =4 =paa,
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— 24 —2+/34 . E(L- -
_ )28, -238, i - E(,-1,1) L—a+a az]
4 [EQ-1,1] 3
=p.a, :4%2 or in i, j, k notation, ap = € [—i +j- k]
J3
05. Ans: (d) 07. Ans: (b)
U= 104 3
Sol: V=10y" +20x Sol: For valid B,V.B =0
E=-VV=-60x’3, —40y’a,
s A 3 0 0 0 ( ) )_
D =¢,E=-60x"¢,a, —40y’g,a, P e —Kxza, )=0
V.D=p,
2x x—Kx=0
m=§+ﬁw%0+§&4wﬁ0 =2-1-K=0
X
=120 xgo— 120 y’e I~ N
, 08. Ans: (d)
pv(at 2, 0) i —;2181280 W e Sol: The two infinitely long wires are oriented as
= 0
shown in the Fig.
06. Ans: (d) z 1 1A g
SO]: GiVen —-Z-Z-Z-Z-3=-Z-:C -=-Z=-Z=:
V(x,y,2) =50 x>+ 50 y> + 50 Z* —ﬁzl 3,
E (x,y,2) in free space = —grad (V) : y >y
= —VV /
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(-LD= the directionof a, x —a, = —a_ .

~|100a; ~100a; +1004a, [v/m

E(1-11)=1004/(-1
= 10043

Direction of the electric field is given by the

N
unit vector in the direction of E.

() <0y

The infinitely long wire in the x-y plane
carrying current along the a_ direction
produces the magnetic field at the origin in
the directionof a, x —a = —a,

where a,_,a, and a, are unit vectors along

the ‘x’, ‘y’ and ‘z’ axes respectively.
". X and z components of magnetic field are
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
B, =B,
B, =04a,
Surface charge, k =0
H, -H, =0
H =H,
W B, =p, B,
1
B, = B (1.2a, +0.8a,)

B,=B,_+B, =06a,+04a,+043a,
Hom, H, =063, +04a, +04a,

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

Ho
=—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,
&= 2 El = 2ax P] D/
Dnz _Dnl :pS - (a) 8“:3
P
D, =€E, =¢5a, / a5
D, =¢,2x2a =4¢a, B, 7 8r2:\/§
From (a)
(€0—4 €0) ay = ps= ps= -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, =044, o, =45°
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14. Ans: (¢)
Sol: N =100
b=t — 2t mWb
According to Faraday’s law

E- N
dt

t=4sec

=100 x 3P —2)mV=4.6V

15. Ans: (a,b & d)
Sol:

() )
—50g9 C/m* 508y C/m>

—a, — éz

C Z:*O.Sb z=1.5a
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

(b) Consider a point located at b for which
1.5 > z > —0.5. For surface charge density
of 50gpC/m°, 4, =-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).

S~
V., :‘L E.dL
= —J':(— 50, )(dxa, +dya, +dza,)

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