Chapter-18 : Moving Charges and
Magnetism

(d Magnetic field at a point on the axis of a current carrying
wire is always zero.
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(d Force on proton = qvB
.. Acceleration of proton due to change of direction

_qvB _1.6x107"? x5x10° x0.17
m 1.7x10727
(@) m=NiA=100x4x mr?
=400 x 3.14 x 25 x 104 =3.14 Am?.

=8 x 102 m/s%
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(© r= MV orrecy

c 4B
As vis doubled, the radius also becomes double. Hence
radius=2x2=4cm
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(b) We know that magnetic field at the centre of circular
coil,
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8. (¢) KE. ofelectron=10eV

=1.25x1074T

= %mv2 =10eV

= %(9.1 x10731)v2 =10x1.6x1071°

2 2x10x1.6x107"°

9.1x1073!
= v?=352%x102 = v=1.88x10°m
Also we know that for circular motion
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9. (a) The force acting on a charged particle in magnetic field

is given by
F=q(vxB) or F=qvBsin 0

when angle between vand B is 180°,
F=0
10. (@) Accordingto Ampere's circular law

@ Bdl = Mplenclosed = Mp(2A- 1A)= my
11. @ t_. =MB ort_ _=nina’B
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12. d t=MBsinb= 1., =NI4B,
(6=90°)
13. @) poto, 2 g 2xIx]
47 r 1
=2 x 1077 N/m. Here F is force per unit length.
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16. ) F=Bi/=2x1.2x0.5=1.2N
17. (¢) As electron move with constant velocity without
deflection. Hence, force due to magnetic field is equal
and opposite to force due to electric field.
20

E
= =—=—=40m/s
qvB=qE=>vVv B 05

100x10~% x 40 40
> "]
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18. (d) Ifristheradius of the circle,
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then /=2mr or, r=—
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Area= mr? = nl? /4n? = 1%/ 4n

: 1/2
Magnetic moment = IA = —
47
IgG=(1-1Ig)s
5 103 x100=(10-103) xS
5 S=0.01Q
M =id=ixnR?

1 .
also i=%=>M=—Q(UR2 {1=2}
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m=currentxarea=1(5na +Enb)

1
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Bocl
r

= r'=3r

) B =§B=§x10‘3=3.33x10'4T
Current ()= 12 A and magnetic field (B)=3 x 10~ Wb/m?2.
Consider magnetic field B atdistancer.

Magnetic field , B = Hol
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B=10"" - according to question By =B

2x3.14xi
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(© iL= %i;ﬁ =(2i+4)T
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F=(@L)xB=2kN

Net magnetic field on AB is zero because magnetic field
due to both current carrying wires is equal in magnitude

but opposite in direction.
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28. (¢) When the current flows in both wires in the same
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direction then magnetic field at half way due to the wire P,

B - Holi _Holi _ Mo
P ) 5 w5 2nm
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(where I, =5 amp)

The direction of Ep is downward (®

P Q
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Magnetic field at half way due to wire Q

_ I
B, P2 _Fo [upward @]
5 =
2755

[where I, = Samp. ]
Net magnetic field at half way

B=Bp +Bg = -0+ H0 _F0 (upward)
2n m  2nm
Hence, net magnetic field at midpoint = L]
n

F=Bilsin@=7.5=2x5x 1.5sin6 = 0=30°

Current carrying conductors will attract each other, while
electron beams will repel each other.

The torque on a closed flat current loop of any shape,
placed in a magnetic field of flux density B is given by
7=BiNA sin6,

According to the question the area of this coil is

A =(1/2) base x height

A=(1/2)(0.2x0.1732)=1.732 x 10~* m?
T=1x0.1x1.732x10%x(5x102)x 1

1=8.66x 1077 N-m.

F= Holp1p
2nr

4 x1077 x30 %30
2xTx5x1072

or F'= =3.6x 1073 N/m.
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=i= =4.85A

2x1077

The wires A and C carry current in same direction,
therefore they attract each other. The force on C due to
A is towards the wire A and is given by.
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_ Bo 2ipic
CA  4g TAC
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_ 107" x2x10x10 0.15
0.10

or Foa =3 % 107 N (towards left).
Similarly, the wires B and C attract each other as they
also carry the currents in same direction. the force on C
due to current in B is towards right hand side. Therefore,
the force on C due to B is given by

Yin i
bt Zipic,
BC 4n rBC

107 x2x20x10x0.15
0.10

or Fgo=6 % 1075 N (towards right)
Therefore, the net force on C is
F=(6%x105-3x107)

=3 x 1075 N (towards right).
T 0x = MB=niAB=ni({xb)B
Typax =000 % 1075 x5 x 1072 x 12
102 x0.10=3.6 x 1079 N-m.
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) po NgigiNmr
T=BS INA= —LS

L Amx1077 x500x3x0.4x10 x 7 x (0.01)°
0.4

=592 x 1079 N-m.

For a charged particle orbiting in a circular path in a
magnetic field
2
= - Bgv=>v= Bar
m
or mv? = Bqvr

1 1 B BZ 2.2
AlSO, EK =EI'IIV2 =—Bqu = qu £=L

2 2'm 2m
B2a2r2
For deuteron, E; = ar
2x2m
B2q2r2
For proton, E, = a°
2m
E
B _1_50keV _1 g —100kev
E, 2 E, 2

For circular path in magnetic field,

vB
mre?=qvB = ®’ =I=

As v=rmw
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. If v is frequency of roatation, then
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V=—:V=£
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B =pgni

B, = (uo)(gJ(Z i)=poni=B = B,=B
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B

=x?+R?=4R? = x=3R-

Here, v=3 x 106 ms™!.
B=2x10%4wbm2=2x104T

R=6cm=6x 10-2m. As Bqu = —>

Substituting the given values, we get

q 3x10°

m 2x10~% x6x1072
=2.5x 101 Ckg.

v/2mK \/E rHe+
=>roc—m =

qB q To++

=0.25x10'>C/kg

m
Het “ qo++

r=

Myt qu+

4
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16 1
B at the centre of a coil carrying a current, i is

1
= T They will deflect equally.

mi
B o [ upward]

coil

i
Bduetowire B; .= Lull [downward]

2mr
Giveni=8A;r=10x102m

Ho _197

4n

magnetic field at centre C,
BC =B+ Bwire

coil

_Ho! (upward) + Hot [downward]
2r 2mr
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 4x3.14x1077 x8x2.14

2x10x1072 x3.14
46. (c) Net force on a current carrying closed loop is always
zero ifit is placed in a uniform magnetic field.

47. @ )

=3.424 x 10 upward.
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The magnetic field due to circular coil,

L7 2r  2ax1072) 4n
B, = p.oiz _ p,o x4 x 102
2 20rx1072) 4n

B= B} +B} = Z" 5x 102

= B=10""x5x10> = B=5x 105 Wb/ m>
Here, current is uniformly distributed across the cross-
section of the wire, therefore, current enclosed in the
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amperean path formed at a distance 7 [= %]

(nr2) '
= L ZJ x I, where /s total current
na

. Magnetic field at P, is rol
Ko x current enclosed [
Path

B, =

(1-”12\ 7 (2131 P,
x| 7at)”

na _poxIn
B 2

B =
= 2nn 2na

Now, magnetic field at point P,,
o I _ Rol

By o 2a) " dma
By _poli

B, 2ma®

4ma

.. Required ratio =
Mol

49. (b) Case(a):

B=toLloop_to T ,op

X 2nR=/¢
A 4nR 4n €/2n ( )
2
4 ex( n’
Case (b):
T 45°
a B,
l 5
a
v
B,=4 4—0m[sin45°+sin45°]
Bo I 2
= 4x 0y =B 3% \2 da=1
“an 018 2 4nex [4a=1]
-d dB
50. (c) [Ed¢= d¢ rza
»dB
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Force=N= I?»Ed( = —Anr

(A — charge per unit length)
Change in momentum = I Ndt = —Anr? I dB

Change in angular momentum = ) 1+2B = I
B
= rnrzBi=mr2m = u)=q—
r 2m

= B2+ B3
;N2 .
_ (H_oﬁj +(m2g]
41t a at a 2
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() AtP: B,

(1 +15 )1/2

(d Figure shows that the magnetic field B is present on
the right hand side of 4B. The electron (e) and proton
(p) moving on straight parallel paths with the same
velocity enter the region of uniform magnetic field.
The entry and exit of electron & proton in the magnetic
field makes the same angle with AB as shown.
Therefore both will come out travelling in parallel paths.
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Comparing it with the expression given in the

question we get

_300nr% 13003147 (0.0 _ 6
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54. (@) The magnitude of magnetic field at P (?, Y, ?j is

B polr _ Kol y R Kol
2 2R? V2 2J2nR
(independent on y-coordinate)

B
The time taken by proton
_ distance  arc _ angle X radius _ 20 x R,
P speed  speed speed v
20
_ 20 [V _ e
v eB eB g

The time taken by electron is
. 2rn-20)R, _(2r-20) [mev) _ (2n—20)m,

€ v v eB eB
clearlyz isnotequaltot asm_>>m . P . .
53. (@ Letus ognsider an amperlian logp AB(ejD which isa Unit j/ector in direction of magnetic field is
rectangle as shown in the figure. A~ i-k )
Applying ampere’s circuital law we get B= 2 ('shown by dotted lines)
= v Mol o o
C D - B=BB=——(i—-k
¥ 4nR (=5
D | C 55. (c¢) Magnetic field due to current in wire 1 at point P distant
L ]: , rfrom the wire is
ak §
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v
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<j>l§.d7 = W, * (current passing through the loop)

@ Bdl= TR [%JXZ

Bx /= pyxt
HOL

Mo i
B= ——[cos6+cos6]
I
B=Fem =t cos (3001) amr

L .
. cosO
The magnetic moment of the loop B = Po joos® (directed perpendicular to the
= (current in the loop) x mr2 n 1
plane of paper, inwards)
_ i[_ﬂ] w2 The force exerted due to this magnetic field on
R\ dt current element i, d/is

1Td R R 24 dB dF=i,dl Bsin 90
= x| 7 B xmr = dr iy cos0

R| R dt o gF=i | BRACSE N B dicose
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] |
1 2 2qV Ce
. —mv- =qV;v= |—-
56. (a) SmvT=qV; o
mv _m [2qV Ds
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In ACBD, sin =
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Initially 1.2N=L(¢/xB) |
In the given condition :

F=I—' Bsino=1/B=12N{
sin©

mv
58. ® '~ B = rocmv [q and B are constant]
I, >Tg = MV, >mpvp

59. (a) Atadistance x consider small element of width dx.
Magnetic moment of the small element is

[% dx) o
N

2

dm=
dx

X

A
M= J‘ 90 24 M= qo?? _ qnfr?
o 2 ’ 24 12
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60. () Here, E and B are perpendicular to each other and the

velocity ¥ does not change; therefore

E
E=gvB = v=—
q q v B
Also,
ExB| E Bsin0
B | B
E Bsin90° E

=—=—=|g|=v




