ICON

CHAPTER 1: MAGNETIC EFFECTS OF CURRENT

Test Your Co.l co N

I\-CPLB'I
(Based on Force and Fleming’s Left
Hand Rule)

1. Since v= E
B
E . a1
= |3 = Velocity |= LT

2. Since F=q(3xB)
By properties of cross product, we know that

F is perpendicular to ¢ as wellas B. Hence

3. Since we haveread, F, LB i.e., the acceleration i L B
ori-B=0

= (xf+4f+2!2)-(3§+2}—10!2)=0

= 3x+8-20=0
= x=4
i ik
4. F=g(oxB)=q 0 3x10* 0
1.63 098 0

~

= F=q[1(0)-](0)+k(0-(3x10*)(1.63)) ]

= F=-(122x10")(3x10*)(1.63)k

U
SITI

F_(122x10%)(3x10*)(1.63)
m 1.81x107 kg
= i=-(033)k ms™

ik
5. () F=q(#xB)=glo, v, o,
0 0 -125

A

= F=q[i(-1250,)-j(-1250, ) +k(0-0)]

- F= q[—1.25vyf + 1.25%?] (1)

However
F=(-34x1071+74x107])N  ..(2)

From (1) and (2), by equating the components,
we get

= -34x107 =-125qv,

'UII _ 34x10 - — 486 ms_] m
' —(125)(-56x107) w
Similarly, we get -
74x107 =1.25qv, %
7
g = 4x10 5= -106 s’ 8
(1.25)(-5.6x10°*)
(b) Yes, v,=0 ) )
(c) Since, we know that F,, L 7 aswellas B.So
5-F=0

= Anglebetween ¢ and F is g

The direction of B must be perpendicular to the initial
velocity of the coin as shown.

Fn,=qvB

B® — PV Target

Ymg
v
qE

For equilibrium, we must have

quB=mg+qE
g-mgt qE
qu

(2500%10°)(27.5)+(5%x107)(9.8)

B=
(2500%10°%)(12.8)

= B=37T

Given that
m=2g=2><1£)73 kg, v=5ms !,
B=05T, g=1mC=10"C

Since the magnetic force is given by

F=4(5xB)
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9.

= F=quBsin@
= F=(10?)(5)(0.5)sin(90°) N

= F=25x10"°N
The acceleration a is given by
F

a=—
m

25%x10°
a= —— ms
2x10

= a=125ms™

In the second part of the question, it is given that
magnetic force is along x-axis when velocity is along
z-axis. Hence magnetic field should be along negative
y-direction. As in case of positive charge (here proton).

E MaxB
So, let B= —Bof where B, = positive constant

Now applying F,, = (5xB) we can find value of B,
from the first part of the question. Substituting proper
values in,

E,=q(5xB) (1)
Since 5=(2i+37)x10° ms™ and B=-Byj
= dxB=—(2B,x10°)k

Also, it is given that F,=-(128x10"%) N and

charge on the proton is §=1.6x10"? C, so on substi-
tuting these values in equation (1), we get

~(128x107°k) = (16x107)(-28, x10° )&
= 128=16x2xB,

= BD:%:OA

Therefore, the magnetic field is, B = (—0.4}) T
(a) The directions of i and F; are shown in figure

Y

Vi

Fi 0ﬁ X

Since, F =g x B so, F is perpendicular to & and
B. The information given here means that B can

have no z-component.
The directions of 7, and F, are shown in figure

F2
Vo X

F is perpendicular to & and B,so B canhaveno
x-component.
Both pieces of information taken together will

give B is in the y-direction; B= By}
To calculate Fy, we have

A

F2=F22, 52=U2]€, B=B}{]

?2 = qf’z X B
= Fi= quByIQ Xj= qo,B, (~i) and
Fz = *quB‘u
__ K _ K
! (qu) ("1'91)
13

B has the magnitude and is in the

—y-direction (41)
9|B,| E
b) F =quBsing=—=-=-%
( ) 1=4 ing \/E \/E
10. The acceleration of the particle is given by
=L =9 (5xB)
moom

11.

Given that, 1. 0.2 Ckg’1
m

5=(2§—3})m3‘1

B=(5i+2j) T

= 7=02(2-3])x(5+2]) ms?

= =02(4k+15k) ms™?

= =38k ms™

Applying Flemings Left Hand Rule to the first proton,

we get B towards the +y -axis from ,, while when

applied to the second proton requires B lie towards
the +x -axis from @, . Thus B lies in the first quadrant
of the xy -plane. The force on each proton is

F =qvBsina

F, = qu,Bsin(90° - &) = qv,Bcos e

h

41
= —=—tana
E v



se Hints and Explanations H.5
= ner__ qBro = mro
-7
- 1 a)_2 qBw
P-rr 8§ m
1 o’ qBw ’
= 22|t
IF=r g mg
1 4n*  2mqB
- EoE T+ mgT,
4 2x10° ms™ 12x107° N o8 M8 -
= a=tan — — =30°
10°ms™  416x107° N o PP 1 <4
2
The magnetic field strength is thus [ 4n®  2mgB ] ||'I_J
2
g B _ 12x107 N 8Ty mgly &
qoising (1.6x10™" C)(10° ms ™ )sin30° L AP 1 T
2
B=15x107 T (4;#21 +2qu] U
- T
= B=(1.5mT, 30° CCW from + x-axis) gty mgho
12. Do yourself = = |- %
E =0 [ 4 2qu)
Ty mgT,
F,=249x10° N o Mo
F.=132x10° N Test Your Concepts-II
13. The situation described in problem is shown in figure. (Based ?n (.:harged Particle in a
Magnetic Field)

1. Since F=q(5xB) and the beam consists of charged
particles. So, the particles must experience some force.
However, if the beam of particles enters parallel or anti
parallel to the field, then either 6=0° or 6=180°.
Hence the charged particles will not experience any

force.
If T be the tension in the string then, we have 2. According to Fleming's Left Hand Rule, we get the
Toosf W direction of B to be inwards along the +z -axis.
cosf=m
g Force %
mo?
and Tsinf-quB=— .(2)
r Motion of 4—— () — Motion of
From equation (1), we get Positive Charge o8 Electrons X
T="5
B cosf 3. YES, No (Th].nk Why-))
Also, if @ be the angular speed of the ball then "o 4B
o 4. r=—and f=—
v=rw,where @=="— qB 2mm
0 v
So, from (2), we get (@) Foranelectron, r, = ;3
e
(ﬂlsinﬂ—qB(rwhmm)z mo
cosf For a proton, 7, = —
From figure, we have ¢
2 _ 2 Since m, >m, ,so 1, > 1, ie. anelectron describes

) r
sinf = 1 and cosf= a smaller circle
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eB eB
=——and f,=——
® S 2mm, o 2mm,,
Since m,>m,, so f,>f, ie, frequency of
electron will be more
5. (a) The kinetic energy K is given by

K:%mv2 =6 MeV
= K=(6x10°)(1.6x107)7]

= K=96x10"]= %mvz

-13
0= 2(96"—1027]) =339%107 ms™!
167x107 kg

mE)Z

Since, F =quB=—
R

- R=2
qB

o (167 X107 kg (339107 ms ™)
R (1.6x10 C)(1T)

= R=0354m

® ® ® I ®
1
® ® ® ®,L,® ®

From the diagram, we get
x=2Rsin(45°) = 2(0.354 m)sin(45°) = 0.501 m
(b) From the diagram, observe that ¢ =45°
mo (32x107™ kg)(1.45x10° ms™)
T8 (215x10° C)042T)
= R=514m

6. (a) R

5.14m

0.25m| \d 8.

(2

(b) The distance along the curve, d, is given by

d=RO= (5.14)sin1[@]=0.25 m
5.14

. d 0.25m
v 1.45x10° ms

= hH=172x10"s

(c) Ax; = dtan(g] =(0.25 m)tan( 2.79° )

= A =608x10"m

(d) Ax=Ax;+Ax,
=  Ar=6.08x10" m+(0.5m)tan(2.79°)
= Ar=0.0304 m

io] ok
Since, F=q(3xB)=qlv, v, 0
B 0 0

= F=—(qBy, )k
The component v, of velocity will remain unaltered,

because F acting along z-direction.
Since the particle will follow a circular path in the
(y, —z) plane, therefore

L L )
0 =vii+v,j-vk

where v} =1,

v, =v,c080=70, cos(ot) and

sinf=v, sin(wt)

ro
Uz_vy y

eB
where w=—
m

L% eBt - . (eBt )~
= 0=0,i+7,cos o j—v,sin W k
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2¢(AV)
= = L
qB
. 2_32(,&21/) and (T,)z=ﬁ"2(azv)
q g B
’ 2
By ()BT
= MG =0

’ ’ 1\2 2
- (G
m o\ g J\r e /\R
The figure shows the particle entering the region at
point A and leaving the region at point B.

We draw normal to the circular path followed by the
particle, these normal meet at point O, centre of the
circle. Applying geometry, we see that the deviation
(£ADB) of particle is same as the angular displace-
ment of the particle about centre O ie., 6.

siru.‘):g:ﬂ
roomu

So, the deviation is given by

0=sin™ [ @]
o

Since every electron passes through the same potential
difference and the angle ¢ is small so, they all require
the same time interval to travel the axial distance d .
Now, all the electrons are all fired from the electron
gun with the same speed v. Hence, we have

u,' =Kf
= zﬂ/=%mv2

- (—E)(—AV)=%mevz

2eAV
= v=
mﬂ

11.

Hints and Explanations H.7

For psmall, cos¢is nearly equal to 1. The time T of pas-
sage of each electron in the chamber is given by

d=vT

o\
= T=d ( ¢ )
2eAV

Each electron moves in a different helix, around
a different axis. If each completes just one revolu-
tion within the chamber, it will be in the right place
to pass through the exit port. Its transverse velocity
component 7, =vsing swings around according to
F =ma;

mvz

qu, Bsin90° = —=
P

= eB= E'Ul=7fzfzt,.:u=mﬁ,—
r
12
= T:me_br:d(&]
eB 2eAV
2w m, 2 d
= o\ 7 12
Ble (2av)"
2 ( 2m,AV )152
= B=—
d e
1 >
q(AV)==mo
2
e 29(AV)

m

2
, o
Since quB=——

p

r:ﬂ_ﬂ‘qu(w) :\/2m(AV)

qB_qB M qu
2m, (AV)
2_77F
C T Ta
2 2my(AV) 2(2m,)(AV)
= 1= = S
q e
2m, (AV)
- e i) v
2 2ma(Av)=2(4mP](AV)
‘ %Bz (26)32
2m, (AV)
- A e

F
[+ 4
L
=
o.
<
L
Vv
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12,

13.

14,

2

For each electron, |g|vBsin(90°) = me
;
¢Br
= —
m

The electrons have no internal structure to absorb
energy, so the collision must be perfectly elastic.

S SO S SR SN SN
K-Emvl,-+0—5mvlf+5mvzf

2p2p2 2p2752
= K:lm(EBR1J+%m(—€BR2)

2 m’ m?

ZBZ
- K=Z—m(Rf+R§)

(1.6x10) (0.044)*

K= - [(0.01)%+(0.024)* ]
2(9x107)
= K=115keV
1, v
=z =gV
2?’?’1?} q
2]
— B

- 7= fﬂ vcosh

m

This particle will follow a helical path of pitch p, where

_ 2mmocosf
= 7%’3

If another identical particle is launched, at the same
moment in the direction of B, then this particle will not
experience any force due to B. Hence, if it is launched
with a horizontal velocity vcos@ then it will meet the
first particle again and again during the motion. So,

29V
v, =vc0s0 = ( A Jcos@
m
They will meet just at the completion of first revolu-

tioni.e.,
2mm
Ty =—
qB

Horizontal distance travelled by the second particle

during this time is
2V 0s6 J( 2 )
qB

x=0,Tyyy = [

x_ercosB 2mV
== _q

The electron follows a circular path with centre C such
that it just escapes the outer shell tangentially and
does not collide with it as shown in Figure.

15.

16.

The radius of the circular path followed by electron is
given by
no
r=— (1
o8 (1)
Also, we observe that the length OC is given by

b—r=va*+r?

= b+r -2br=a"+r

b -a*
= (2
"= 2)
Equating (1) and (2), we get
mo b -a*
eB 2
eB(bz—az)
= J=——"
2mb
2
mo
a) quB=——
@ q %
= gRB=mv
But L=muR =gR*B
,25 .
9B \(1.6x10™ C)(1x107° T)
R=005m=5cm
-25
(b) Since,v=£= 4:110 J's
mR - (9x107" kg )(0.05 m)
= 2=9%x10° ms™’
1 2
- —aV
2mv q
.‘\
AL ,
0 |
[} \\\ :
1 \ |
i \\\\ :/
f'l . :
-
L AL
< d P
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L]
29V
= U= A
m
Sin9=£,where r=@=l 2my
r 98 BY q
Since 6= wt, where w:ﬁ
m

= 9=(qBJt
m

where 8= sin‘l( %) =sin! ( Bd L]

2mv
= ft= m 0
[qB]

= t= n sin"l[Bd i]
qB 2mV

The component of velocity along the field is

9, =2x10° cos(60°) = 10° ms™
and the component of velocity perpendicular to the
field is given by

v, =2x10°sin(60°) = v/3 x10° ms™

Proton will describe a circle in a plane perpendicular
to the magnetic field. If r be the radius of the helix
then

mo, _(1.67x10%)(J3x10°)
B (16x107)(03)

= r=6x10" m=0.6cm

Time taken to complete one revolution is

2rr 2x3-14x0.006
T=_:—5
v, J3x10

Due to the component of velocity parallel to the mag-
netic field the protons will also move in the direction
of magnetic field. The pitch (p) of the helical path is
then given by

p=U”T=105(2><3.14><D.006]

J§x105
= p=0022m=22cm

- /@_J(z)(l.exm‘w)(looo)
m 9.1x107!
= p=188x%10° ms™

(a) Intriangle CMT

rcosSO:E
2

Hints and Explanations H.9

3 d
= r—=—
2 2
= r—i—icm
V3B
Smcer:ﬁ

F
<4
L
=
o
<
I
Vv

005 _9.1x107" 187 x10°

3 16x107Y B

(9.1x107")(18.8x10°)(+/3)
(1.6x107)(0.05)
= B=37x10°T=37mT
(b) In this case, B is parallel to TM at 60° with the
velocity of electrons. So, we have the electrons fol-

lowing a helical path with originat T and will hit
M if it lies on the helix at TM = n(pitch )

B=

& TM=n 2nmucosf
qB
n(2zrmocos@)
= B=———-
q(TM)
For B to be MINIMUM, n=1
o .. 2r)(mocos)
MIN L}'(TM)

where TM = i cm
100

(27)(9.1x 107" )(18.8%10°)(0.5)
(1.6x107™)(0.05)

=  Byw=67x10" T=67 mT

= Buw=

Test Your Concepts-lll
(Based on Charged Particle in
Magnetic and Electric Field)

1. (a) The net force is the Lorentz Force given by
F=gE+qoxB=q(E+oxB)
F=(32x10™")
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[ (41 -1 -2k)+ (2 +3] - 1) (2] + 4] +1£) | N
Carrying out the indicated operations, we find
F=(3521-1.6])x 10 N

_ (B 3.52 i
o) oo [P] > [ (3.52)2+(1.6)2] e

F=F,

= quB=gL

[2K
where v=,/— and K iskinetic energy of the electron
i

(0.015)

2KB=\/2(750)(1.6><10"19)

= E=1B=|— —
m 9.11x10

= FE=244kVm™

(a) The maximum speed occurs at the top of the
cycloidal path and hence the radius of curvature is
greatest there. Once the motion is beyond the top,
the particle is being slowed by the electric field. As
it returns to y =0, the speed decreases, leading to
a smaller magnetic force, until the particle stops
completely. Then the electric field again provides
the acceleration in the y-direction of the particle,
leading to the repeated motion.

(b) W=Fd=qEd=qEy =%n'w2

. ,2qu
m

(c) Atthe top, the net force on the particle (quB - gE)
provides the necessary centripetal force to the
particle to be in a circle of radius

qE TE

R=2y
2
Mo
B-gE=——
= qub—q R
2qyE ’
= qu—qE:E[ ﬂ]
2y m

4,
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= quB-gE=gE
= quB=2E

2E
v=—
B

Let g be the charge and m the mass of the particle. At
(xg, 0, 0) speed of the particle is V4% +3% =5 units
Using Work-Energy Theorem, we get

1 25m

Ey)x, = —mv* = —

(‘? 0) 0=75 ’
25m
Xg=——
2qE,

Since E and B are parallel to each other and  is per-
pendicular to both, so, the path of the particle is a helix
of increasing pitch. The speed of particle at any time f is

v:,iv%+v§+vf (1)

Since the magnetic force acts along -z axis, so the par-
ticle will have a circular track in yz plane, where

2,.2_ .2
vyt =0

Due to the electric field along the x-axis, the x velocity
of the particle keeps on increasing with time ¢ as

(2) -

According to the problem, we have
v =20,
Substituting the values in equation (1), we get
mo
t=3 —2
\F[ 4 ]

The net electric field

E=E1+E2
F-%2,06_0
250 280 &

The net force acting on the electron is zero because
it moves with constant velocity, due to its motion on
straight line.

= F

= ¢E=e¢vB

= v=—=—or
B ¢gB

So, the time of motion inside the capacitor is
! g/B

v )
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Since the electric and magnetic field both are parallel
to the velocity of the charged particle, so F, =0 and
F,=qE;. Due to the only electrostatic force acting
on the charged particle, it will move along a straight
line with uniform acceleration i.e. its speed keeps on
increasing with time.

The particle will follow circular path in magnetic field
due to v, . So, its time period is

T- 2wm
7B,
E, B, w=v

However, the pitch of particle in absence of Ej is
p=v,T=0,T

But due to an electric field E; acting along y-direction
the new pitch will be

1 E
p =0T + anTz , where a, =12

Y m
auT
= p'=T vﬂ+‘T

. 2mm 1ﬁ/En i3
- vt %) %)
o Zer(_UOJFJrEﬂ]

B 4B, B,

By Work-Energy Theorem, we have
Work done = Change in K.E.

= (qE?)-(Zaf): %m(Zﬁ):1 —%mvz

= 2mE= %mvz

2
= FE= é ﬂ
4{ qa
Rate of work done by E at P is F-v
dW A\ (o
= —=|\gEi)-\vi
= (oEi) (ai)
dW 3( o’ ]
—=gEv=—| —
dt 4\ a
Rate of work done by E at Q is zero, because at Q,
Flo.
Rate of work done by B at both the points P and Q
is zero.

Hints and Explanations H.11

10. No change in velocity implies no acceleration i.e. no
net force is acting on the charged particle under the
joint influence of electric and magnetic field. This
thing is possible under the following situations.
Situation 1:

E=0, B=0,ie. no field exists in the region
Situation 2:
E=0 i.e. no electrostatic force. B#0, but the charge

particle enters parallel to the field, so that net force
equals to zero.

F
Situation 3: o
E#0, B#0 and both shown in Figure. [TT]
_ ~
£ .
x x | x | x| x
R T T o =
X X X X X X U
B

Because in such a situation

E, =quB (upwards) and
F, =gE (downwards)

and if both are equal in magnitude then also the
charged particle will suffer no change in its velocity
and will continue to move along the dotted line as

I oo E
shown. In such a situation, the velocity is v = 7

Situation 4:
If E#0, B=0, then the charged particle must expe-
rience an electrostatic force gE and hence must
accelerate. So, it will not have a constant velocity.
Hence, we conclude that for the charged particle
to move with constant velocity in the region having
simultaneous electric and magnetic fields, we may
have,

(i) E=0, B=0 (as discussed in Situation 1)

(i) E=0, B#0 (as discussed in Situation 2)
(iii) E#0, B=0 (as discussed in Situation 3)

Test Your Concepts-IV

(Based on Biot Savart’s Law and
Applications)

centre 2R

and R=100 mm=100x10~ m=0.Im

1. (a) Since, B

(47x107)(1)

— _ -6 7 _
= centre — 2(01) =63x107 T=6.3 l.lT
2
(b) AlSO, Baxis =¢3(2
2(R2+x2)”
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This can also be derived mathematically by taking the

where R=100 mm=100x10° m=0.1m s
limit 71— <0 on B, .

and x=100mm=100x10" m=0.1m

. I T
So, we observe that x=R=10" m By = lim n(‘ui] tan( —)
n—ee \ 2R n
KoIR?
Basis = 2, p2)? tan| %
2(R?+R?) ( pohr) n
= B!oini = 1 7N
B = ﬂoIRz I S 27R (n’]
axis 2R323/2 2R(2\/§) 4\/ER n
.= #07(1) tan[ ﬂ:]
" a2x(00) = By =2 fim| 1
2R - ( T ]
,7 -
o A0 a0t T n
4(1.414)(0.1) -
tan| —
=23uT ( )
= Pew =234 The expression lim —2-2 =1
H—ye0 E
()
_ Kl
total 7R

3. CASE-1: When the wires carry current in same direction

The resultant magnetic field By is calculated from the
given figure. So

Due to the wire AC, field at the centre O, at perpen-

dicular distance ON is 360" SQ?‘
Bye=-t (gingtsingy)  ¥TTET o
AC 41‘1_(?]_) 1 2
L g M [Sm(n)ﬂin(,@” By =2Bcos(30°) =3B
AC= AN -
47(ON) n where|BA=‘BE:B=H—‘J=1O‘7(2XIU)
; 2md 0.1
(=
= BAC=H70|:ZSIH(—]:| = B=2x10"T
41ch05[£) ! 5
1 So, Bg=24/3x10° T
= By :( Mol ] tan(E )’ ® CASE-_Z: ‘thEl:l the wires carry currents in the
27R 1 opposite direction

The resultant magnetic field By is calculated from the

Similarly, all wires will give an outward equal field at : _
given figure. So

O . Hence, for an n sided current carrying polygon,

we get By
Biw. ary|ane vB
By =1B =ﬂ(‘u—01)tan(£] 60160 ?
2nR n p
When the polygon has got infinite sides, then n— o v 5
and the polygon approaches the shape of a circle. The d’ d
magnetic field due to a circular current carrying coil at J N
. I AN\60’ 607
the centre is B, = By 1@3 ________ _/_\® I
2R A 9 B



Hints and Explanations H.13
se P

By =2Bcos(60°) =B 6. Bp=By=0
= Bp=2x10"T

4. B, = [’H—DIJG , where 6 is in radian

47R 523
So, B, =l (27_29), ©
4R = 523 —
F
(44
1]
=
<
.
Due to the straight wire AC, J
o =L (6in6+sin6)
dn(r,) Similarly, B, ( J_)
442
where r, = Rcos6
= By =B+ By +By +B,.51, ®
= B uilﬂsmﬁ)
4“7 47(Rcos®) SJr 2
I = Btntal 4 2 ? ’ ®
= Byc= uﬂRtanB ® a

7. CASE-1:At(0,4,0

50/ Biotal = Bare + Bac, © The direction of magnetic field in this case is shown in

figure.
= Byl =ﬂ—“I(ir—6+tan9), O e
2nR z-axis
5. Barc41 = IU_OIQ B
4ma / N
0] > y-axis
ujw, a,0)
Mathematically, we have B = ( ;—”I )]::
ma
CASE-2: At (0, 4, )
= B.y= _ Al ( 3n ] M, ® The direction of magnetic field in this case is shown in
T 4 2 8a figure.

B, =0 {*+ Olies at extended part of wire 12}
By =0  { Olies at extended part of wire 34}

#01( )
B
arc32 — Anh

#01 ®

= Barc 32~ Sb

wl(3 1
SOF tolal_Barc41+Barc32 0( )f®
8§ \a b
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Since the point lies in y-z plane, so unit vector along
the direction of magnetic field B is given by

CASE-3: At (~a, a,0)
In this case we re-align the axis as shown in figure.

x-axis
I 3

» y-axis

457,
a

The magnetic field at the point (-a,4,0) is

B= 2L (4in90° - sina5°)k
dma

Hol I

——|1-—= |k

4:'m( 2 )

Let B, be the magnetic field due to circular loop and

B, be the magnetic field due to straight current carry-
ing wire. Then

= B

I
B, = P , inwards and
2r

ﬂ0(41)=ﬂ_01

= , outwards
27(2r)  mr

2
Since B, > B, , so the net field B is

B=B, B, =L _Hol i ivards
1 2r  mr

B= ‘u—ol(l—lj,inwards
r\2 =«

The magnetic field due to the wires 12 and 34 at the
point O is zero. So

BIZ=B34=0

]
1ol
Barc23 = ﬁr ®
Hol
= B_,,=B,+B +B, =", ®
total 12 arc 24 34 4R
10. The magnetic field due to the different sections of the
conductor are
B34 = O
3u,l
Barc23 = S—Igr ®

I
= Blz=:—0,®

- By :‘“—01[1+3—”], ®
4R\ 2

11. The magnetic field due to the different sections of the

conductor are

B, = #—':)I(sin0+ sinE]
4nR 2

3 1 4
: Ll
]
i
1 R 0
i
i
: 4
2 ) 1
I
= 812:#_0’®
4R
Hol Hol
Byy=—", ® and By, =——, ®
BT 4R 7 47R

N Bmtﬁl=#?0(2+]r), ®

12. B, =vB*+B

I
= Btntal =\/§B=\/E(Jui)

Am/l



ICON

Hints and Explanations H.15

ae
A = B=lBl=£l 1427 +1
T 4nR
3 = B:(#—“I)\i2+2n’+n2
4nR
By, =B 15. The magnetic field due to the different sections of the
- X conductor are
2 l ,
A
Byp=8B
/ 1 /‘A[\ —
7 2 0 >y (a4
/ =
13. The magnetic field due to the different sections of the 1 =
conductor are , 1 1 /)3 o
= Ml ? X g
B, = ﬁ(_k] I} 4 :
U
) o /“A\ A
arc 23 #_0(_1) 2 0 ) >y B _u_ljl(—k)
R 27 47R
I
#01 ” = 3 I o
By, (-k) 3l 5y
AR 1 4 arc23 ~ -1
X 8R
= B=Bp+B,3+By L
34 ﬁ( -] )
5=-( 250 )i ) .
= B=-|—|\m+ 5
47R = B=Bjp+BycntBy
ol [ = I s ~
= |[Bl= Tt +4 - B= (i) (—)1’+'+k
7R mr )\ 2 )T
14. The magnetic field due to the different sections of the 2
=l 9
conductor are = B=|Bl=" [T 42
47R YV 4
z
4 16. Take the x-direction to the right and the y-direction up
I in the plane of the paper.
/“A\ 5
O b
2 s &, y
y [ \\5 cm -[_'
Y . .

I
| N
I ~
1 4 | ?\‘
X i 82

13cm /B,
I ,"
i /12em
- ML) ¥
27 4zR &
I
- I/ » 2
arc 23 =ZLR(7I)
Magnetic field at P due to current I, is
= #01 %
B :—(—1] 7
* T 4R Bl_,uﬂ_fl_(zxw Tm)(3 A)

" 2ma A(0.05m)
= B =12uT

= B= _(u_ﬂj)[(u n)i+k] Downwards and leftwards, at angle 67.4° below the
47R -X axis.

= B= By +Barc23 +B34
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17.

18.

19.

= By=(12 uT)(~i cos674° - ]sin67.4°
Magnetic field at P due to current I, is

(2107 Tm)(3 A)

B, =
2 A(0.12m)

Clockwise perpendicular to 12 cm to the right and
down at angle -22.6°

= By =(5uT)(icos22.6°- jsin22.6°)
The total magnetic field B is given by
= B=(12)(i cos67.4°~ ]sin67.4°) +
(5)(icos22.6°— jsin22.6°)
= B=(-1114T)j-(192 uT)j = (-13 uT)]
_ 9
)
[
. Bzﬂ_ofzﬂ_o(ﬂ)
2r  2r\ 2mr

Substituting values, we get
B=125T

Since I =

~ |=

Wire 1 creates at the magnetic field at the origin, given
by

5 _ Mol :
B, ==, upwards along +y axis.
ey p gty

So, B= (‘H—OI]]
2ma

(a) If the total field at the origin is upwards, then

2”01] ’:=#0_I1".+B

2ma 2ma 2

So, the second wire creates a field given by
5o_ Hoill s Ml
2= om’ " 2n(2a)’
= I, =2I; outof the paper
(b) The other possibility is

B,+B, = 2;:; (_‘-): Moy 3

= 33Ul - I
B, = ;;Sgl(_): Holy

= I, =6I, into the paper
(a) Above the pair of wires, in Region I, both the wires

give field out of the page. Between the wires, in
Region II, both produce fields into the page.

BFiEGION | y

A

REGION | 50 A

REGION Il g

& BRregion 1

30A

< @ » X
REGION Il =~ ~

REGION I

They can only add to zero below the wires, in
Region I1I, at coordinate y . Here the total field is

~ I 1yl
BRegionm = Puz g4l o

2mr 2nr’
~ =M 50 _30A
211( +Z] Y
73

= 50y=30(y+§)
= 50y=30y+20
= 20y=20

= y=1m,below wire 1

(b) Aty=01m the total field is B= 0L @+ 4ol g

2mr 2mr
- 4xx107 (50 A 30 -
> B=" (21)(k)+T(k)
3 3 3

= B=48x10" T(-k)

The force on the particle is
F=q(5xB)=(-2x10" )(150x10°)(i) x
(48x10°)(-k) =14.4x10™ N(-)

20. On the axis of a current loop, the magnetic field is

given by

HoIR?
=10
2(x? + R2)
where in this case [ = &
(%)

0]
_ MORYQ

= B-=
32
47r(x2 +R2)
when x= E
2

#oszQ _ 2uQ0

3 -
4;:(2132) 5/57R
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21. Let the current [ be to the right. It creates a field
Hol

B= od at the proton’s location. And we have an
m

equilibrium between the weight of the proton and the
magnetic force F, where

F:q[v(—%)x(%)!@}

= mg(—])+qv(—f)x%(]})=o at a distance d
from the wire

= Tkl
2mmg

22. There is no magnetic field at O due to the straight
portions of the current carrying loop.
Field due to an arc of radius r subtending an angle 6
at the centre of the arc is given by
iy
47R
Due to arc of radius 4R, field is

52
| = =
4r(4R))\2) 32R
Due to arch of radius 2R , field is
Hol ] Hol
B, =| —— = —
2 (4::(21{) K 8R

Due to arc of radius R, field is

B _(ﬂ_of](f]_u_d
- _
4rR/A 2/ B8R

Since the current is anticlockwise in all three arcs,
therefore, all the fields are outwards towards the
reader. So, the net magnetic field is given by

Bnet = Bl + B:}_ + B3

If1 1 1Y 9u,l
Bnet =u_0(_+_+_]=ﬁ
R\32 8§ 8§/ 32R

B

23. For the figure (a), we have

3 20 1 4
Y P'I
7 745%™ . I
—— [ —
1 2 P, 5 6
BIZ=B56_U
,uol[. . (n)] o]
B, =% | sin(0)+sin| = ||= , ®
B 4 4] aome
Hol
B, =B ,
SN YY

24,

25.

Hints and Explanations H.17

By, =“°I|:sin(n)+sin(n)]= Y2ul g

4l 4 4 4l

So, field at P, is B, given by

Bl 51
= Bl_4zf‘(ﬁ+ﬁ]’® (1)

For figure (b), we observe that if r is the radius of the
semicircle, then

mr=4/4 { total length = 6?}
r= i ..(2)
T
4/
__m__
‘ P, ’

So, field at P, is given by,
-t (Bl g
4r 4(g) 16/
T
B _4( 5 1]
= 24—
B, :'rz[ \/5
Let the field be zero at the point P(x, y), then

toh g, lilg g

2my  2mx
I
I e
| J{_(fz]x
1[12 //
’I
III,
/’l 11
7/
,/
B=0 :
I, I
= 1-Z=9
¥y ox

- —(I—l]x
y= I,

The net field is the vector sum of the fields due to the
circular loop and to the long straight wire, both at the
centre of the loop.

For the long wire, B= Ml ,and for the loop, B= toly

27D 2R

At the center of the circular loop the current I gener-
ates a magnetic field that is into the page, so the cur-
rent [ must point to the right. For complete cancella-
tion the two fields must have the same magnitude.

F
[+ 4
L
=
o.
<
L
Vv
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Bloop + Bwire =0
= |Bwire | = ‘Bloop ‘

Mol _ Holy
2D 2R

D
= 1=[”—)IO
R

Test Your Concepts-V
(Based on Ampere’s Circuital Law and
Applications)

1. Apply Ampere’s Law to a circle of radius r. The
current within a radius r is [ =Jf-dz_ﬂl , where the

integration is over a disk of radius 7 .

(@) IO=JI-dA

= I= J( Ee(’"_”)ﬁS errd@
r

a
= I= znbjg(r—a)jﬁdr — ZJIb(S{?(T_a)*’Jg
0

a

0
= I=21bs(1-¢%)
(b) For rza,wehave

gﬁ}}d? =B(271) = tplenq = o1

Holy
2rr
(c) For r<a,wehave

B=

r2r

I(r) =J‘J_‘-dA =".J(ie(r“}-f5]rdrd9
00

r
r

= Ilr)= 2nb.[e('"“)’fadr = bl
0 0
= I(r)=2nb8(elr20 _ /%)
= I(r)=21bse " (" -1)
(7% -1)

(e” -1)
(d) For r<a,wehave

= I(r)=],

(¢75-1)

égd? = B(r)ZJrr = uOIencl = uuUIU m
et —

o e pOIO(e’I""S -1)
2mr(e¥9 - 1)

2,

3.

Apply Ampere’s Law to a circular path of radius r
Let us assume the current is uniform over the cross-
section of the conductor

(@) For r<a wehave I,4=0
= B=0
(b) For a<r<b wehave

2 2
Iencl=I(Aa_”]=I(E(r - )J
Aa—)b E(bz—ﬂz)

(r2-a?)
= lrenc =l>F
(B2 -a?)

From Ampere’s Circuital Law, we get

. (r?-a?)
B-di=B(2xr) = fyl ———
¢ ’ (b2 -a?)
,uol(rz -a*)
B= T 1)
27 (02 - a?)
(c) For r>b we have
lrencl =1
From Ampere’s Circuital Law, we get

(ﬁﬁ-dz’: B(2nr) = yyl and B:‘u—“I
2rr

(a) Force on a single wire due to the field of the other
ninety-nine is given by

B= !10[0;'
2nR

(47x107)(99)(2)(0.2x107%)
)2
272(05%1072)
= B=317x10°T

= B=

This field points tangentially to a circle of radius
02cm and exerts force F=1(7xB) towards
the center of the bundle, on the single hundredth
wire

= IBsin® = (2 A)(3.17 x107 T)sin90°

j

~ |

=634 mNm™

~ |

[

So, PTB= 634x10° Nm !, inwards
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1

(b) Becr, so B is greatest at the outside of the
bundle. Since each wire carries the same current,
F is greatest at the outer surface.

When seen from the top, left side portion of the
Amperian loop is traversed counter clockwise,
whereas the other portion is traversed clockwise. So,
by applying the sign convention, we see that I; is
positive, I, is positive and I; is negative.

Use Ampere’s Law,

cﬁé A= gl
For current density |, this becomes
q‘)ﬁd?':p(]'[f-dﬁ

(@) For n <R, we get

n

B(2nr )= uoj(br )(27rdr)
0

«—

p)

T

— B= ﬂobrl2

(for n <R or inside the cylinder)
(b) When r, >R, Ampere’s Law gives

R

3

B(2ar, )uoj(br)(Zmdr )= 2mibR”
0

_ HobR®
3
(for r, >R or outside the cylinder).

B

Let ], be the current per unit length, then the upper

sheet creates field B = FUTI‘k above it and HOTL(—k)

below it.

Hints and Explanations H.19

Consider a patch of the sheet of width w parallel to the
z-axis and length d parallel to the x-axis as shown in
Figure.

. o

The charge on it, owd passes a point in time — so
[

q

. . . owud i
the current it constitutes is ?= and the linear

current density is [, = T . So, the magnitude
of the magnetic field crgated by the upper sheet is
%ugcw .Similarly, the lower sheet in its motion toward
the right constitutes current toward the left. It creates

magnetic field 1;1000(—!;) above it and luﬂovig

below it. 2 2

(a) Between the plates, their fields add to y00(-k)
ie. pyov away from you horizontally.

(b) Above both sheets and below both the sheets,
their equal magnitude fields add to zero.

(c) The upper plate exerts no force on itself. The field

of the lower plate, % poav(—lz] will exert a mag-

netic force on the current in the section of area
wxd given by

E, I(?xﬁ):(owvd)zh'x(%ygav)(—l;)

~

- I(?xﬂ):(;poozvzwd)]

npt!
Il

=

The magnetic force per area is

E, 1 ( oo v wd ] )

A 2 wd I

F 1 22

= —,0°0°, upwards
A 2#0 p

(d) The electrical force on the considered section of
the upper plate is

F‘e = quower = (O'fw )( i)(_})

2¢g,
o f— lwo? (_*.)
e 280 ]

The electrical force per area is

E  f(we® o*
€= =— , downwards
A 2gflw 2,

F
[+ 4
L
=
o.
<
L
Vv
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The magnetic force balances the electric force
acting on the plate when we have

Fy,=F

1 2
= = poozvz -9

2 2¢g,
= 0= !

VHo€p
1

= 0=

J(arx107)(885%1072)
= 0=3x10* ms™!

This is the speed of light which cannot be a speed
that can be attained by a metal plate.

7. (a) According to Ampere’s Circuital Law,
éf;‘ di = g (Tinside )
For <R
lingige =0
= Binsige =0
(b) According to Ampere’s Circuital Law,

ggg‘d:?=#o(lmde)

For r, >R
[ingige = NI
= B(2ar, )= NI
B:HUNI
2mr,
—7
© B- (2x10 )(1020)(10) C4x10° T
5x 107
= B=4mT

8. Apply Ampere’s Law to a circle of radius r in each
case.
Assume that the currents are uniform over the cross
sections of the conductors.

(a) r<a

A r*
= lLa=I-"|=1|=
encl (Aﬂ ] (ﬂz ]
From Ampere’s Circuital Law, we have

2
Lo r
iﬂdﬂ =B(2nr) = gl g = uof[a—z]

- p=tulr

2
When r=a wehave, B= Al
2ma

(b) b<r<c

From Ampere’s Circuital Law, we have

@E’-d?: B(27r) = piyl g
22
- r°=b
= (ﬁB-dE:,uUI[l—CZ_bZ]
L R
= @B-dﬁ:B(an}:p‘JI —
c"-b
22
R
2mr\ ¢ b

When r=b, B:‘u—“I and
2nb

When r=c¢ then B=0

We assume the current to be vertically upwards.
Consider a circle of radius r slightly less than R. It
encloses no current so from Ampere’s Circuital Law,
we have

(ﬁé’dz;:#ﬂ['mside

= B(2ar)=0

We conclude that the magnetic field is zero.

1 ? 'yl

N

Now let the » be barely larger than R . Ampere’s Law
becomes

B(27R) = I

_al
2R

The field’s direction is tangent to the wall of the
cylinder in a counter clockwise sense.

Consider an infinitesimal strip of the wall of width
dx and length /. Its width is so small compared to
2nR that the field at its location would be essentially
unchanged if the current in the strip were turned off.
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The current carried by the strip is I, = f—i up.
4
The force on it is

ﬁ:fs(?xé)ﬂ—x(f;“_ﬁ)
2nR\ 27R

2
= i
F= Kol Ldx radially inwards

The pressure on the strip and everywhere on the
cylinder is
CF A pl?
T A 4nRdx 4n°R?
Due to the phenomenon of pinch effect, an empty
aluminium can will crush itself when it carries a large
current along its length.

inwards

10. In case of a long solenoid, the magnetic field is zero
outside the solenoid and B = ygnl inside the solenoid.
So, the magnetic pressure on the surface of solenoid is
given by

2
Pm = Bi = luﬂnzlz
2uy 2
Test Your Concepts-VI

(Based on Force on Current Carrying
Conductor)

1. (a) Let us define vector /i to have the downward
direction of the current and vector / to be along
the pipe into the page as shown. The electric

current experiences a magnetic force I(71xB) in
the direction of /

i y

=
h x
: T

—W— Z

(b) The sodium consisting of ions and electrons,
flows along the pipe transporting no net charge.
But inside the section of length L, electrons drift
upward to constitute downward electric current
jx(area)=jlw.

Hints and Explanations H.21

The current then feels a magnetic force
11 x Bl = jfwhBsin90°

This force along the pipe axis will make the fluid
move, exerting pressure

i/
i= jlwhB _ B
area  hw
The magnetic force F must be upward and equal to
mg . The direction of F is determined by the direction
of I in the circuit.

F
F=1I(Bsin® with 8=90° o
Ll
F

-
Q.
B® §—»I <
5
U

mg

From Ohm’s Law, we have
Vv
I= R where V' is the battery voltage

(@) The forces are shown in figure. The current I in
the bar mustbe to the right to produce F upwards.
To produce current in this direction, point 2 must
be the positive terminal of the battery.

(b) F=mg
= [B=mg
m:@=@=(175V)(0.6m)(1.5T)
§ Re  (5Q)(9.8ms?)
m=3.21kg

=

= U N+IBsin90°=0

_ymg 0.1(02 kg)(9.8 ms?)

=392 mT
1d (10 A)(0.5m)

= B

Call the length of the rod L and the tension in each

wire alone % . Then, at equilibrium
ZFI = Tsing— [LBsin90° =0
= Tsinf=ILB
ZFB‘ =Tcos@-mg=0
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= Tcosf=mg

ILB IB
= tan9=—=m—
mg (2
(LJg
(£):
— B= L tanB:EtanB
I I
5. F=BILsinf

For equilibrium, we have F =mg

= mg=BILsinf

= %g:IBsinG

W E

S

Since, [=2 A and % =05gem™ =5x10 kgm™

= (5x1072)(9.8) = (2)Bsin(90°)

= B=0245T and from Fleming’s Left Hand Rule
the direction is eastward.

6. Since B=B]

Segment l F=1(7xB)
ab _g} 0
be I BI¢(-i)
cd —i+10] BI/(-k)
da (i -tk BI¢(k+i)
y

7.

To find the force on the conductor, consider a small arc
of length dI =Rd6 as shown in Figure.

This arc can be considered as a straight conductor of
length dI . The force on this arc is given by

dF = BId]
= dF = BldI(~cos6i +sing]
= dF = BI(Rd6)(~cosbi +sint] )

Net force on the semi circular rod is given by
Ly
- jdﬁ
0

n n
= F,=BIR —Jcos 0d0i + J-sin 0d0;
0 0

= E =BIR(0+2)]
= E =(2BIR)]

The force experienced by semi-circular wire AB is
2BiR, perpendicular to its length AB.

For equilibrium, we must have

2T=F, =2BIR
= T=BIR

Let x; be the elongation due to the weight of the
wire and let x, be the additional elongation of the
springs when the magnetic field is turned on. Then

Fnagnetic = 2kx, where k is the force constant of the
mg

spring and can be determined from k:2—. (The
X

factor 2 is included since there are 2 springs in parallel).
Combining these two equations, we get

mg mgx,
F=F__ . =2 28|, -T2
magnetic ( le ] 2 X
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Hints and Explanations H.23

ae
120 24V If T is the tension per unit length, then for the
nia elementary portion to be in equilibrium, we have
I
2T sin(@) =dF
§ 2
= Tdo=dF [as de is very small, sind—; = a;ﬂ
©® |® ® ® © o Tap=tolo ( Id_@]
© © @ @ © 27 \ 2n
5
l—— 5 cm—™ - T= 'uOI;?I -
But |F|=1|LxBl=BIL A ”
24V 12. METHOD I: Using the basic formula w
where [ = 0o ZA The conductor ACDEFB consists of 5 straight sections [l uad
(3x10°) i.e. AC, CD, DE, EF and FB each having length 2. The [lSH
p="8% _ (0-1)(9:8){3x10 =0588 T respective forces on these sections of conductor are <
Ly, (2)(0.05)(5x107) ) . . T
Eyc =I(ai xByk)=—(Byla); U
IFl mg 1|7xBl . A .
9. TELE Fep =1(a) x Byk ) = (Byla)i
0.04 kgm™ )(9.8 ms™ Fpg = I(ﬂ; XBOI€)= ~(Byla)j
1=£3=( s )98 ms™) 109 ) o )
Bl 36T Frp =1(a x Byk )= —(Byla)i
‘: tF Fr = 1(ai x Byk )= —(Byla) ]
o e | © @ So, the net force is given by
® & ® ® (®
® & ® © |8 F=F,c+Fp+Ep+Fr+F
ol & & o |oB _ACACDDEEFFB
® ® = F=-3Bjlaj
® @ ® ® ®
METHOD II: Using the concept of equivalent length
The direction of I in the bar is to the right. Instead of finding the force on individual wires, we can
10. TRY YOURSELE chrect.ly find ttlle n.et‘fcfrce by finding effective length of
. the wire. The line joining A and B haslength 3a thus
Same as [llustration 71
net force equals.
2Mg . A a
B=7 F=1(30i x Bk )
11. Considering the magnetic forces between I, and the = F=3aByl (—} )
differential current dI we obtain - A
= F=-3aBylj
Holy 1o . . . .
dF = E(df )| dl = ™ 13. The magnetic force is F,, = IBsin 6, where @is the angle
between current and magnetic field. In this case 6=90°.
= F, =Bl

Since F,, acts at an angle ¢ with horizontal as shown
in figure (according to Fleming left hand rule or right
palm rule)

where dF is the force per unit length.
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Since the rod is in equilibrium, so the net force along
x and y axis are given by

F,=N-(mg+F,sing)=0

= N=mg+FE,sing (1)
F.=f-F,c0s9=0

= f=F,cos¢ ..2)

Also, we know that the frictional force f is given by
f=uN ..(3)

Substituting (1) and (2) in (3), we get
u(mg+F,sing)="F,cos¢

- f-— 118
cos¢ — psing
- pr=-—*""
COSQ— (s g
o = HMM§
Bl(cos¢— using)
Test Your Concepts-VII

(Based on Magnetic Moment and Torque)

1. |rl=MBsin90=BIA, where the effective current due
to the orbiting electrons is given by

_ Charge Circulating q
Period of one Revolution T

and the period of the motion is
_ 2R
v

For an electron orbiting the nucleus, we have

L g _m?

4, R* R

= U= !
i dmeymR

Substituting this expression for v into the equation for
T, we get

T

4me,mR®
2

q

T=2n

| Tzzﬁ\/(gxm‘f’l)(0.53><10-1°)3
(1.6x107 ) (9x10°)
= T=152x10"s
Therefore, |7|=BIA = B[%)A
1.6x107"

1.52x107%
= [7/=37x10 Nm

2
- lt]= 7(053x107°) (0.4)

2.

Work done in rotating the loop from 6, = 60° to
0,=120° is

W= Au = u f - U,—
Since, we know that the change in potential energy

does not depend on choice of reference zero for poten-
tial energy, so we have

W = ~MB(cos8, - cosb, )
= W=-MB(c0s120° - cos60°)
= W=MB
Since we know that the result U = -MBcos€ has been
obtained for 6=90° as the reference, because Uy =0.
So, for this zero reference the potential energy at
6=0° and 6=45° respectively are

uOo = _MB aﬂd U450 = —%

The potential energy difference between position
6,=0° and 6, =45° is
AU = -MBcos 45° - (~MBcos0°)

1

= AU=MB [1 N )
For 8=0° as the new reference, potential energy dif-
ference between the same positions should also be the
same (because the change in potential energy is inde-
pendent of the choice of reference level). So, if Ujs
and Uy be the respective potential energies with
respect to the new reference, then we have

Au = ‘115150 _uéol = I(U45D _U0° )I

reference at 0°

reference at 90°
Since we are given that Ug. =0

= quis" _O. =I(u45°_uoﬂ)I

reference at 0°

reference at 90°

1
= uiso:MB[l_E]

(@) 2mr=2m
= r=0318m
The magnetic moment M is given by

M=14=(17x10" A)[ 7(0.318)* m?]
M=541x10" Am?
(b) 7=MxB
= 7=(541x10" Am?)(08 T)
= 7=433x10" Nm.
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4. 1=NBIAsing
= 7=100(0.8 T)(04x0.3m2)(12 A)sin(60°)
= 7=998 Nm

Note that 6 is the angle between the magnetic moment
and the magnetic field. The loop will rotate so as to
align the magnetic moment with the field. Looking
down along the y-axis, the loop will rotate in a clock-
wise direction.

5. (a) Let @ represent the unknown angle, L, the total
length of the wire and d , the length of one side of
the square coil. Then, using the definition of mag-
netic moment and the right hand rule in figure, we
find

p=(NIA

= U= [4_La‘ )dzl atangle 6 with the horizontal

Atequilibrium, )" #=(fixB)- (7 xiig) =
(@) n(90°-6)- ( d]smﬂ 0

1 2

and (%gd)siﬁ:(%w)cosﬂ

= 6= tan"l(&]
2ing

4 (001T)(34A)4m)) .
= f=tan =4
2(0.1kg)(9.8 ms)

o T, =(%Ld)cos9

T, = %(3.4 A)(4m)(0.01T)(0.1 m)cos4°
7, =3.39%10" Nm

6. From 7=MxB=(IA)xB
torque is BIAsin(90°)

B, the magnitude of the

(a) Each side of the triangle is 40 em

Hints and Explanations H.25

Its altitude is v13.3* - 6.67> cm =11.5 cm and its
area is

A= %(11.5 em)(13.3 em) =7.7x 107> m?

= 1=(052)(20)(7.7x107%)

= 1=80x10" Nm
(b) Each side of the square is 10 cm and its area is
100 em® =107 m”

= 7=(052T)(20 A)(102 m?) =0.104 Nm
© r=221 00637 m
2T

= A=m’=127x107 m’
= 1=(052)(20 A)(1.27%107 m?)
= 1=0132Nm
(d) The circular loop experiences the largest torque
(a) T=MxB
= |7|=|MxB|= MBsin§=NIABsing
= T, = NIABsin(90°)
> 1, =16 A)7(005m)*](3x10° 1)
= Ty =118 tNm
(b) U=-M-B=-MBcos6
U,y = -MB, when 6=0°
Upax = MB, when 6 =180°
= -MB<U<MB,where
MB=(N14)B=1(5)[ 7(0.057 ])(3x107)

MB=118 uJ
the range of the potential energy is

118 U <+118 p]

The magnetic dipole moment of the loop is initially
directed along the z-axis due to which the torque
exerted by the field turns it about x-axis so as to finally
align its magnetic moment along the field i.e. y-axis.
Since there is no external force or torque, so the total
mechanical energy is of the system is conserved. Hence

K+ U = constant , where U =-MBcos

= (K+u)in1t1a =(K+u)fmal
1
= o+0:EIwz—MBcoso° (1)

where [ is the moment of inertia of the ring about its

diameter i.e. [ = %mRz

F
[+ 4
L
=
o.
<
L
Vv
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10.

11.

From (1), we get
2MB
=
I
4miB
= o=,—
i

Let us split the given loop in three separate loops such
that when overlapped at the three coordinate axes, the
opposite currents in the wire segments in these three
loops along the axes will cancel each other as shown in
Figure.

S
@

I - X

This arrangement of three loops is equivalent to the
single loop arrangement asked in the question. The
magnetic moment of the loop is the vector sum of the
three individual loops. So

2 2
5 M:I(%Jm(%]ju(}az)fc

For a moving coil galvanometer, we have

()
NAB

The torsional constant of the spring is given as

_ NABi
0
Substituting the values in SI units we get

C

(60)(5.0x107)(9%x10°)(02x1073)

T
18x—
180

= C=171x10"7 Nmrad™

C=

M=IA
Charge Circulating

where [=— -
Period of one Revolution

12.

13.

_ e

- (2,
U”

where r, = radius of the nth orbit

v, = velocity of the electron in the nth orbit

—_ i” and v, = —
e 2heyn
M= (]1'1’,12)( EU” )
2mr,
~ e Sl
2
S omet nzhz/%, ;2/
2 Emﬁz/ 2k%n
= M= el , where m =mass of electron
4mm
g= Holu
2r,

= B

Mo [ ewy
2rﬂ' ]I:TH
- (e
dr N\ 1,
e 02 me?
B=""~ P
4m \ 2hegn )\ n*h’e;
~ ,uﬂ?rmze7
8e,h’n’

ro

DO YOURSELF

F,=—F, =-N(BI/sin6)k

Fyc =—Fyy = N(Blbsind)]

% = V2(NBI/bsin6cos )k
or 7=(MBcos)k where M =+2(NIfb)sing
Magnitude of torque is given by

|%|= MBsin®
Here, M =NIA=(1)(1)(z)(02)* =(0.04 £) Am?

B=2T and 6= anglebetween M and B is 90°
= |7[=(0.04 7)(2)sin90° = 0.25 Nm
Vectorially, we have

B=2c0s(45°)1 +2sin(45°)} =42 (i +]) T

and M= —(0.0411')]2 Am?
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Since, we know that 7 = M x B :(0.04ﬁn)(—}+§]
= f=0.18(f—}] Nm

14. (a) The magnetic field intensity inside the solenoid is

B=pynl

The magnetic moment of the coil is 1= NIA

= p=NI,(ar?)=nly? { N=1}
The maximum torque = 7,,,, =|fix B ‘max = uB

= r=(103'rr )(uoﬂ1)=p0nn110r2

(b) For small displacement from mean position,
7= ubo
Motion will be angular SHM

Period of oscillation, T =21 ,L
uB

(g)mrz
5 _ EI 2m

m*zlﬂ Ugnl \( Smuynlly

15. The net force on a current carrying loop of any arbi-
trary shape placed in a uniform magnetic field is zero.

T=2n

Hence, F, =0.

The given loop can be considered to be a superposition
of three loops (1, 2 and 3) as shown in Figure.

The respective area vectors (in square metre) of the
three loops 1, 2 and 3 are

o =000

A, = ( 0)( 0)12 (0.005)k and
100 A 100

- (10 10
Ae‘_(ﬁ)(loo) =(001)i

Magnetic moment vector, M =iA

A

= M=10(0.01i +0.005] +0.005k ) Am

= M=(01i+005j+0.05) Am’

Hints and Explanations H.27

The torque 7 acting on the loop is given by
T=MxB
7=(0.1 +0.05] + 005k ) x (21 - 3] +k)

~

ik
= #=[01 005 0.05|=(-0.1i -04k) Nm
2 3 1
Test Your Concepts-ViiI

(Based on Force between
Current Carrying Conductors)

1. By symmetry, we note that the magnetic forces on the
top and bottom segments of the rectangle cancel. The
net force on the vertical segments of the rectangle is

. wlit( 1 1Y
R

RXm

R
21r (c+a)
(47 x107)(5)(10)(045) ( 0.15 )f
o ( (0.1)(0.25)
- F=-(27x10")N
= F=27x10" N toward the left

(]
st
1

2. Consider both wires to carry current in the x direc-
tion, the firstat y =0 and the second at y =10 cm .

y
A

_ﬂy=1{)cm

I1=5A

F
<4
L
=
o
<
I
Vv
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@ E_(u_ﬁ)é_umm—?T-mA‘l)(SA),E
om ) 27(0.1m)

B=1x10" T out of the page

) F=1(ixB)=(8 A (1m)ix(1x10° T)k]

- A

F=(8x107 N)(-})

F=8x10" N toward the first wire

(u_gl](_];): (42x107)8) (1)

© B 2nr 2r(0.1)

(16x10° T)(-£)
1.6x10° T into the page

B

B

) F=1,(ixB) =) 1Dix(1.6x10°)(=F)]
F=(8x107 N)(+])
F=8x10" N towards the second wire

To attract, both currents must be to the right. The
attraction is described by

I
F = Bly/sin90° = [, £~
2rr

JZ:EE:(azoxw*)(LOf)]
¢l 4mx107(20)

= L=40A

20A

v

I

[
L

Let y represent the distance of the zero field point
below the upper wire.

Then B = Mol ® +”—UI®
2mr 2mr

pto(2A_ 40
2y (05-y)

= 20(05-y)=40y
= 20(05m)=60y

= y=0.167 m below the upper wire

Since wire 1 and 2 carry currents in opposite directions,
so they repel each other.

If wire 3 were between them, it would have to repel
either 1 or 2, so the force on that wire could not be zero.

Wire 3 Wire 1 Wire 2

A15A

Y Iy Y4A

l— o —»le——20Ccm —»

If wire 3 were to the right of wire 2, it would feel a
larger force exerted by 2 than that exerted by 1, so the
total force on 3 could not be zero.

Therefore wire 3 must be to the left of both other wires
as shown. It must carry downward current so that it
can attract wire 2.

For the equilibrium of wire 3 we have

Fy=Fy
115 A, (4 AL
27d 27(20 cm+d)
= 1520 cm+d)=4d

~ 30 cm
25

For the equilibrium of wire 1,

Uol;(15A)  p1y(4 A)(15A)

2r(12em)  27(20 em)

L=224A=24A down
20

d =12 cm to the left of wire 1

We know that wire 2 must be in equilibrium because
the forces on it are equal in magnitude to the forces
that it exerts on wires 1 and 3, which are equal because
they both balance the equal magnitude forces that 1
exerts on 3 and that 3 exerts on 1.

Let the separation between the conductors be increased
through a distance b as shown in Figure.

dx
h It I
a F, applied
——————
I‘ X Ll

The force acting on the conductor of length I whenitis
ata distance x from the infinite conductor is given by

F:(#ofﬂz )[

2mx
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The minimum work required to move it away by small
displacement dx is by applying an external force
Fyppiied Such that the conductor moves very slowly
and hence the applied force must be equal to the mag-
netic force i.e.

_p_ Mol
Fons =F=( 552 )

If AW be the small work done in displacing the con-
ductor through dx , then

dW = Fidx
- dW= ( ol )E
2n ) x
a+h a+h
W= Hoh ! I dx z(#ofﬂzf )lnx
2r x 2n ;

a

W= oLl ln( ﬂ)
2 a

Let us arrange two wires as straight parallel wires as
shown.

\\,__{2‘-—. —

Bi®
~

— _—

—-D'I1

2

Hol™t
a) F=——ro
@ 2mr

(47x107)(140)*(27)(0.1)
27(1x1073)
= F=246N upward

(b) Since F-mg=ma, where m=mass of the loop
a = acceleration of the loop.

F=

_F-mg

=
m

4 246-(0.021)(10)
0.021

= =107 ms?, upwards

F 141
At equilibrium, — = Holals _ T8
!t 2mr 1

m
an(?]g

Hol 4
27(0.025 m)(0.01 kgm™)(9.8 ms?)
T (4rx107 TmA)(150 A)
= ;=817 A
= I;=82A

= IB=

= I

Hints and Explanations H.29

At the point P, the field due to the wires A and B is
shown in Figure.

Ba

By

For the net magnetic field at P to be zero, the direc-
tion of current at B should be perpendicular to paper
outwards. Let current in the wire B be [j;. Then,

Bo 14 Wy Iy

“(=5) ()
11 11

F
L b 10 o
I, 32 E
.
= IB:ExIA:ExS*.E}:SA <
32 32 T
Force per unit length on wire B is given by J
Pt Ly {+r=AB=2m}
I 2 r
F(2x107)(9.6x3)
= —_=
! 2
F - njm-l
= ?=2.88><10 Nm

Single Correct Choice Type Questions

g\

¥ is the velocity of charge with respect to observer.
Let the observers A and B have velocities 7, and 7
and since both see that a point charge produces same
magnetic field at the same point, so

5C A X F = T_)C B X F

where G, is velocity of charge wrt. A and 7 is
velocity of charge w.r.t. B.

= (5 4 —Up ) || 7
So, the relative velocity of observers is parallel to 7
Hence, the correct answer is (A).
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- Bp=2(#—‘ﬂ)[sin(90°—g)+sin9ﬂ°}
dmx 2

Since x = rsin( %J

I 1+cos% ' [ o o
o =“—O[cosec[5 ]+c0t(5 ]]

2r ( a’) 2rr
sin—
2

Hence, the correct answer is (C).

= BP=

Variation of magnetic force on wire ACB is as shown
in Figure.

4 Force

Point of application of net force lies somewhere
between A and C.

Hence, the correct answer is (D).

Since F = Bllq

=  Fupc = Bl (towards right)

Also, F4pc =BI,l (towards right)

= Foop = Fgpc + Fapc
= Foop = Bl { L+L=I}
Hence, the correct answer is (B).

Consider the gas as a thick conductor carrying a uni-
form current, use Ampere’s Law to find the magnetic
field and then apply the left-hand rule to find the

direction of the Ampere force.
Hence, the correct answer is (B).

The magnetic field at point P is perpendicular to
paper inwards due to both the wires. Since, the charged

H.30 JEE Advanced Physics: Magnetic Effects of Current and Electromagnetic Induction

10.

particle is also projected in the same direction.
So, force on charged particle is zero.

21

—
e ———— —
o

b=/ 20/ 2+
= F = q(5x3)=ﬁ
Hence, the correct answer is (D).

S. Fmagnetic _ [
mee ——————= >
E c

electrostatic

So, the ratio of electric field to magnetic field is inde-
pendent of 7.

Hence, the correct answer is (D).
F=1(IxB)

where [g =2[cos( 45°)i +sin(45° )]]
= Teff =\2i + ‘/E]

_ o @

e e
i
N
3 4
o E=y2-y2j+ V3
= E=\2(i-]+k)
Hence, the correct answer is (B).

Net force on a current carrying loop in a uniform mag-
netic field is zero. So magnetic force cannot balance its
weight.

Hence, the correct answer is (D).

The particle will move along a circle of radius that
equals the radius of circular region in which magnetic
field is present (as shown in Figure).
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Radius of the circular path followed by the particle is

rR="
qB
BR

S
m

14.

o 5x10° x4x(01)
2x10°°
Hence, the correct answer is (D).

=107 ms' =1 mms™

11. The pitch p of the helical path is given by

_ 2mmoucosd
qB
= p= M, c0s45°) = 2™ (usin 45°)
4B qB

mosin@
qB

Since r =

‘e mosind5° A
qB 2

Hence, the correct answer is (D).
12. Since dF =I(dl xB)
where [=2x107 A

A

1dl = —(Idy]]

B=03yi +0.4y]
y

15.

= dF =1(dl xB) = 03Iydyk

2
- F:Jdﬁ=0.31[y—

1
PRSI
2 2

Hence, the correct answer is (D).

= F=(3x10%)k

13' BCE[’IT]’E‘ = 0

ol ol ol 1ol
——O0+—0+——0+=——B®=0
- 47rbo 4er0 Zbo 20
L bl el el

2nb 20 2a

Hints and Explanations H.31

1 1 1
—_—t =
2nb  2b 24
a_
b m+1

Hence, the correct answer is (B).

Let the capacitor discharge in time At, then a current
will flow in the conducting bar due to which magnetic
force will act on bar for small time

Impulse due to forceis | = FAt
= |=BIIAt

= ]:B(ﬂ)mt
At
= J=B(Aq)!

where, Aq is the total charge flowing through capaci-
tor in time At .
Change in momentum equals impulse, so

F
[+ 4
L
=
o.
<
L
Vv

Ap = mv = Impulse
= mv=B(Aq)!
Since Aq=CV]
= mo=B(CV,)! (1)

Also, two springs are in parallel, so the equivalent
stiffness constant is k.o =2k

By Law of Conservation of Energy, we have

%mvz = %(Zk )A”, where A is amplitude

A= BICV,
N2km

Hence, the correct answer is (A).

. 1
5x107° x| ——
(JE] 1
1043

mv_
gB  5x107°x1

By sine rule, we have

]:

N
sin(90°-¢) sin2¢
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16.

17.

18.

1 01
1043 cos ¢ 2singcos¢

01x10v3 _+3
2 2

= sing=

= ¢=60°
Hence, the correct answer is (C).

The field at A is directed into the page.
Hence, the correct answer is (A).

Since E and B are parallel to each other and 7 is per-

pendicular to both, so, the path of the particle is a helix
of increasing pitch. The speed of particle at any time ¢

is
v:,,‘vf+v§+v§ (1)

Since the magnetic force acts along -z axis, so the par-
ticle will have a circular track in yz plane, where

2,2 2
v, +0;=10)

Due to the electric field along the x-axis, the x velocity
of the particle keeps on increasing with time f as

(5) =

According to the problem, we have
v=21,

Substituting the values in equation (1), we get
. Jg( @]
gE
Hence, the correct answer is (D).

To enter region II, radius of particle in region I should
be greater than d , so we have

R>d

1.6x107 x0.001x5x1072
0> )
9x10

= v>%><107 ms~

To come out of region II, we must have
2R>d

@m‘

4B

19.

20.

21.

22,

qBd

= U>—
2m

1.6x107 x0.002x5% 1072
0> T
2x9x10

= v>§x107 ms™

Hence, the correct answer is (A).

Wi #0, because a charged particle placed in a field
experiences a force parallel (if positive) or antiparallel
(if negative) to the field.

When a charged particle moves in a magnetic field, the
force experienced by itis F=q(oxB). The F is per-
pendicular to v as well as B.So Wy, =0.

Hence, the correct answer is (C).

Along the wire dI x7 =0

= B=0

Hence, the correct answer is (D).
Since we know that

P glow)—q (i +2730)]
= F=24(-3]+2%)

So, this force lies in the yz plane.
Hence, the correct answer is (D).

In uniform field,

Magnetic force on POQ is equal to magnetic force on
straight wire PQ having the same current. Hence,

F=i(lyxB)=i(PQxB)

= d=

Hence, the correct answer is (C).

3

23. Since E:Zo(qvxr) and E’:L%
n

r
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24,

25.

26.

9o @
i j ok

Now xE=|1 3 0|=6i-2]
00 2

61 - 2]

62

o3

=

Hence, the correct answer is (A).

Let B=(xi+yj+2k)T. Since F=4(xB), s we get

i jok
e(—f+k):el 0 O=e(—z}+yi€)
Xy z
= z=1,y=1
Also, we have
i ]k
e(f—ﬁ):eo 1 0=e(zf—x.‘€)
Xy z

= z=1,x=1
= B=i+j+k
Hence, the correct answer is (D).

©=10%x 27 rads™

Also, m:ﬁ: 8
m m

1.6x107B
9.1%10™"!

2r%9.1x107%
= B=|—/——————
1.6x10

= 2rx10%=

For a solenoid B = piyni

2rx9.1x107%

T = (47x107 )n(2)

= 11=1420 turns/m

Hence, the correct answer is (B).

Since F=BI/
-2
[5] _MLTT_ yp2g
It AL

Since [¢]=[BAl=MT A7’

= [¢]=MIT?A™

Hence, the correct answer is (C).

27.

28.

29.

30. Figure below shows the path of motion of the particle.

Hints and Explanations H.33

F, = quB, and directed radially outward. Since,

1’."1'02

N - mgsinf- qoB = —
mgsm qv R

2
= N=%+mgsin9+qv8

n .
Hence at 6= X we get the maximum value of N as

2meR
= N,.= n;g +mg+qB,;'2gR

= N, =3mg+qB,/2¢R
Hence, the correct answer is (C).

Since net force on the current carrying closed loop
placed in uniform magnetic field is zero.

SO, FPQ= (F3_F1]2+F22

Hence, the correct answer is (D).

sing=L=L
rom
qB
Yy
N
AN,
: \\\ Iy
Lo ___
UL ®
| ’:
VU: (L:O)
1
= Do——
sinf
v sin60°
> —==
vy sin30°
= v=vo\/§

Hence, the correct answetr is (D).

b @
[N

F
<4
L
=
o
<
I
Vv
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ee
Deviation (6) angle of particle is given by 33. For the charge to be prevented from colliding the plate,
i we have
sinf=—=—— r=d
rom
B 2mK
i o, vemk
q_ vsinf 9B
m  Bd
Hence, the correct answer is (D). — B= %
31. The electric field at the axis is Td
1 x
E=Eaxis=—q73;2 B 2x1.6x107%° x2x10° xe
47[80(R2+x2)' = = €2X10_4
_R F-_—_R
Atx=R, E= 22 2x1.6x107% x2x10°
aey (2R?) = B= T
1.6x107" x10
_ 1
are,R2(2)* = B=2T
The magnetic field at the axis is Hence, the correct answer is (A).
52
B=B,, = Lﬂ 34. Since the magnetic field is uniform and the particle
2(R?+22) is projected in a direction perpendicular to the field

; hence, it will describe a circular path. The particle will
where, i=qf = q[—] not hit the y-z plane only if the radius of the circle
27R happens to be smaller than d . For the maximum value

At r=R. B= UiRT of v the radius is just equal to d .
TORMN2P? 2R(2)7 -
So, r=d=—2"
yo(ﬂ) 9B
— B= 27R ) _ _ Hogv
R(2)™ T agr?(2)" I
E 1 "
= 3 LoEg? Hence, the correct answer is (C).
Si 1 35. Pitch p of helical path is,
ince c=
VHo€o
) — (vcosf)x 2mm _ 2rmovcos(45°)
E _C g qB
B v
Hence, the correct answer is (A). _ 2mmo
P= B
2. § L
®z Also, radius of helical path is,
_mosing _ mo
Yo 9B 2B
= 0,y,0 Y r mo J2qB 1
Fm ( 24 ) = —= [ 9 ): _—
e o p «ﬁqB 2mmv ) 2¢
y= 2r= S0 _~0
4By By o oop
where the specific charge a equals o

m

Hence, the correct answer is (D). Hence, the correct answer is (C).
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e
Hol Hola® i F
36. Bcentre = Br = 7! Baxis = Ba = 5 232 Q F1 =
a 2(a? +94%)" F2
F
So, the desired ratio is ’
I
ol k
B /
Be _ 72% =(10)*?
B, ula P
372
2(1042)” l
B i .
- B_C _10y10 Hence, the correct answer is (C) —
a 39. Net magnetic field at P due to wires 1 and 2 at point o
Hence, the correct answer is (C). Pis L
37. Initially, when B does not exist, then we have 1@\ 5 M _p E
N | 1= =
mg =(2k)x ..(1) ai N 0 2 <
! 32y Buoi=2Bsing XL
P, - —_
| OSARP V
1 ’,” 10
ai ,/'." : B — “Ur B
-7 ! 2 2mr
kx kx 2
B, = 2Bsin@= 2(E)(5]
2mr J\r
mg .
Ho?a
Bt =—
When B is switched on, then z e
mg + BIl = 2k, (2 Hence, the correct answer is (D).

40. The force on section MPQN 1is

FMPQN =hyy

and this force should be upwards to balance the weight.

From equations (1) and (2), we get

mg + BII _X
mg X

. = [IB=mg,where [=ST =2(UT)
= BH:mg(—”—l)
X

= I=2|:@tan(3[}°):|=E
= B= ﬁ( Yo~ X ) 4 2
Il X 1
Hence, the correct answer is (D). = I( 2]8 =Mg
38. Since, the magnetic field due to wire PQ is non uni- 2Mg

. . . = I=
form. Neither the force nor the torque on wire RS is aB

zero. Therefore, it will have both translational as well

: ) Force is upwards if current in loop is clockwise.
as rotational motion.

Hence, the correct answer is (B).
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41.

42.

43.

44,

45,

Since the point P(D, 0, —a) lies on z-axis. Therefore,
magnetic field due to current along z-axis is zero and

1
due to other two wires is ;—0 — in mutually perpendic-
ma

ular directions along positive y-direction and negative
x-direction. So,

—_ﬂ_(]i ron
B_Z;'ra( z+;]

Hence, the correct answer is (C).

The given point lies on the wire, so B=0.

Hence, the correct answer is (D).

16 ©2
. .
\\ i =r ,’
W2 e
\\
\\\ B BS
1
¢
il 52
'
. By,
7/ Y
’ .
- AN
4@ ®3

I
Since Blsz=B3:B4=B:#—O
2rr

Kol :\/ZUUI

a 2ra
n| —
%)

Resultant magnetic field abc is

B=

B, =V(2B)" +(2B)
= B =2B2
I
= By =220
ZJT(L]
J2
2u,]
Bnet:ﬁ
ma

Hence, the correct answer is (A).

Forces acting on the loop, due to I; actin the plane of
the loop and hence give zero torque.
Hence, the correct answer is (A).

(0, -a)

Net force is along +x-axis
Hence, the correct answer is (C).

46.

47.

48.

49,

At break-off from the surface, we have N=0
So, the magnetic force on block is given by

F N=0

E, =mgcosf
= quB=mgcos®
Since v =at
= 0=(gsind)t
= ¢(gtsin6)B=mgcosh

fe mcotd
9B

Hence, the correct answer is (C).

g Hl
dn(r,

= B= N("I[Sinnsin[ﬁaﬂ
dr(rsina)| ™ 2 2

Hol
4r(rsina)

=)

2

( sin 92 —sin 61 )

= B= (1-cosar)

= B=

B= ﬂﬂltan[a)
dxr 2

Hence, the correct answer is (D).

Fyg = Fyc

L m(D)(20) _ g (20)(3)
2r 4, 2n d,
d

5 A1
d, 3

Hence, the correct answer is (A).

1

B-Izi

T X
@---X---' --------- ®
1 l 2
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B _B_ﬂnf_ ol _ﬂol(l_ 1 )
net — ¥ -
2y 2m(d-x) 2m\x d-x

The above equation is best represented by (D).
Hence, the correct answer is (D).

50. At point A, the magnetic field due to both the cylin-
dersisalong +y direction. The magnitude of field due
to one cylinder is given by

BFM
4

So, net magnetic field at point A is given by

B=Bl+BZ

B= HoJd ,along the +y direction

Hence, the correct answer is (A).

51. Magnetic field at P due to 1 is zero. So, magnetic field
is only due to the straight current carrying wire 2,
which is given by

B= ’”O; (sin90° +sin135°)
4| —
(&)

Hol
B=—"-(y2-1
e (V2-1)

Hence, the correct answer is (A).

52. F.
ae dp
2Tcos 7) T 2Tcos (7)
T { Sy
\ L (do
R+ 2Tsin —J
Vo2
VLo
'\ 5o ®B
2 \i,’ 2
(0]

Magnetic force on the circular arcis F,, = Bld/
F, =BI(Rd0)

For the arc to be in equilibrium, F =2T sin( %]

dae

For small angle d6, sin(z) _ B

2
= 2Td6=BIRde

53.

54.

Hints and Explanations H.37

= T=BIR

Since L=2xR

= T=BIR=%
2n

Hence, the correct answer is (C).

y
X
eb- 0

T

< _ .

The two coils subtend the same solid angle at O and
since

Area

= Solid angle= ————
(L distance)

Hence area of coil Y is 4 times the area of coil X
= Radius of coil Y is 2 times the radius of coil X

Since the magnetic field at the axis of the coil is

2
poHNR
2(R2+42)2
2
. By=u—0x 2rl(2r) :
dr 5 T
[(Zr) +(a )]2
21l (r )

= Bx=&x

RO

3
B, 4 [4r2+d2]2
~ B, 4
X (42442 )2
B, 4 4 1
= B_:_EZEZE
X (4)2

Hence, the correct answer is (C).

=M%
qBy

F
<4
L
=
o
<
I
Vv




ICON

H.38 JEE Advanced Physics: Magnetic Effects of Current and Electromagnetic Induction

55.

56.

57.

=sinf

3
2

. X
Since, ==
P

= 0=060°

_T_m
6 3gB,

Therefore, x co-ordinate of particle at any time

= foa

mn .
f>—— 15
34By

o3 () 60°)
2 4B, 34B,

x:ﬁﬂﬁ_ﬂ(f_ﬂ)

2 g8, 2| 3¢B,

Hence, the correct answer is (D).

KE = lmv2 =eV
2
= mv=+2emV

The electron will be refocused after travelling a dis-
tance equal to pitch of helix. So

_ 2mmovcosf
= 74;8

Since 6 is small, so cosf =1

B 2mmo B 2n\2emV
pP= B eB

3 8uPmV
= P ¢B?

Hence, the correct answer is (A).

Using Ampere’s Circuital Law

For r<a, B=0

Hol

2n(b2a2)(r2;az]

and for r2b, B:&£
2rr

For a<r<bh, B=

The corresponding B-r graph will be as shown in
OPTION (C).

Hence, the correct answer is (C).
At P, net magnetic field is given by
Bnet =BA +BB +BC

58.

59.

an
I
A®

] \\

NP V72

] S

] \\

1 \

| P

i \/\
Y @2

| ’ ~
I, N
@--=mmmmm - Q
B C

Since B, and B cancel so, net field at P is only due

to wire B given by

B, =B= Mol pgl =#_01

net = _ZJTTL_ZE(CIJ ma
2

Hence, the correct answer is (A).

Since, B=~>—(sin¢+sinf) where r, = —
2L (sinec sin) where 1, =~
£
B p
60°Y
/
/
/
/
//
v /

In this case, =0° and f=60°

o B=-H (gnoo+singoe)= 2l
il 8l
NE)

Hence, the correct answer is (D).

,u01|: 1 1 1 1 ]
B=—"1-—+—=5-=+5+..
2 2 22 220

2r\ 3
p= ol
3r

Hence, the correct answer is (D).
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60. PCAD:FCD:ﬁCED:Blﬁeff:BI(za)

Net force on the frame is F = 3F,

= |F|=6Bh {F=1/B}
Hence, the correct answer is (A).

61. When electron is projected in an electric field, then we

have
2
"% _ op (1)
h
When electron is projected in magnetic field, then we
have
muv}
—L = ¢v,B ..(2)
n

Dividing equation (1) and (2), we get

r, ¢eE
no eyB
1 By
- 1_~7
rn E

Hence, the correct answer is (D).

62. From the figure it is clear that deviationis 180° i.e, 7

radian (;'r(),for x>R.

® ® &
vod—fl
® ®
R
® ® ®
¢ VO
® ® ®

e x=1.5R —»
Hence, the correct answer is (D).

63. Magnetic induction at point P due current I, is given
by
Ml g 4mx107x2g
2r(AP)" 27x1x107

1

= B,=(4x10" T)k

Magnetic induction at point P due current I, is given
by

= gl o Amx107 x3-

2" 2x(BP) " 21x2x107

A

= B,=(3x10"T1);]
So net magnetic induction at point P is given as
B=(3x107 T)j+(4x10° T)k

Hence, the correct answer is (B).

64.

65.

66.

Hints and Explanations H.39

2

—

O

Work done in rotating the smaller I coil about any of
its diameter through an angle 7 is given by

W =—M,B, (cost —cos0) = 2M;B,

where M; =n(7r?)I and B, =N(g—?§)

2.2
= W=2M152=M

F
<4
L
=
o
<
I
Vv

Hence, the correct answer is (C).

ri\1 4 16
5 BBl
2r 1-2 2 -2
4 4

= B=133x107k
Hence, the correct answer is (C).

Force on the wires parallel to x-axis will be obtained
by integration (as Becx and x coordinates vary
along these wires). But on a loop, there are two such
wires. Force on them will be equal and opposite.
However, forces on two wires parallel to y-axis can
be obtained directly (without integration) as value
of B is same along these wires. But their values
will be different as x-coordinate and therefore B is
different.

E

et = AF (on two wires)

= Fnel=Ia(AB)=Ia(BO)(M)
= F, =IiB,(a)=IB*
This is independent of x

= F=F=IBla*#0

Hence, the correct answer is (D).
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67.

68.

69.

| F2

_'FS

F, and F; cancel each other and F > F;

Il LI
. Pnet:Pl_F_’):(uO 1 zJa_(Ho 1 Z]a
2ma drma

= Fu= ﬂf}fz

Hence, the correct answer is (B).

Electrostatic force on electron should be equal and
opposite to magnetic force, i.e.,

m

~

= qE:—q(fﬂxB)

= —eF=—(-¢)(5xB)

= E= —(fﬁ X B)

So, B should be along negative z-axis.
Hence, the correct answer is (C).
Work done is

W=U; -U;, where

U;=-M,B and U;=-MB

Since M, = Ia*

Keeping the length same, the shape of loop is changed
from square to an equilateral triangle of side I (say),
so we have

40=13]

X

Since area of an equilateral triangle of side [ is

A=£12
4
Aﬁ[lé}m
"4\l 9 ) 9
2
= Mf=IA=4J§Ia

9

70.

71.

72.

73.

= W=U-U;=-MB-(-MB)
= W=B(M-M;)

)

= w:smz(

Hence, the correct answer is (A).

Since we know that ¢= . Also, we are aware of

1
v Ho&p
the fact that the ratio of electric field to magnetic field
equals velocity. So, we have

1 E

VHog, B

B 2
= [,ugeo(g) ]=M°L°T0

Hence, the correct answer is (C).

Magnetic field due to wire

B_y_(,l_(ilnxl()_?]( 30 )
o 2T 2x107

= B=3x10°T

This magnetic field will be perpendicular to external
magnetic field. So, net magnetic field is

[p2 | p2
Bt =yB" +B

= B, :\/(3><1O“f’l)2+(4><10“4 y

= B, =5x10"T

Hence, the correct answer is (C).

Conceptual
Hence, the correct answer is (A).

If I; is current in ACDB then

ML _MmL
4 r 4 4r
I
- L_1
I, 4
I
I
o h_ 1
I 5

Hence, the correct answer is (D).
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i
74. The charged particle moves in a circle of radius 2

mo
= qu-?
2
- B=2ﬂ 78.
qa

Hence, the correct answer is (B).

75. Let N be the number of turns and R be the radius of
the coil. Then

{ =2nRN
!
27N

The magnetic moment of the coil is
M = NIA = NI(zR?)

/2 1/
= M=(NIg)| —— |=——
(4;:21\12) 47N

Maximum value of M can be only when N =1, then

G

Mmax _E

Fz
S0, Tpax = To = M., BsIin90° = BIr
4r

Hence, the correct answer is (C).

76. T=MBsin(90-6)=Co 79.

= (10)(0.025)cos0=(1)80
o 1 1-sin*0=0
4

Since @ issmall, so sin@=6

1

= —\1-6=46

_0? — 1682
= 1-6°-=160 80.
= 176*=1

77.

Hints and Explanations H.41

1
= f=-— radian =0.24 radian
17

Hence, the correct answer is (A).

The particles will not collide, when

(>2(n+n)

= [>2 %+%
4B gB

2m
= €>q—B(v1 +1,)

Hence, the correct answer is (D).

F
<4
L
=
o
<
I
Vv

v
sind =—
p
where r=@=£
9B qB
Bd
= sin(60°)=q—
p
_ B 2x2x10™°x23x107 x2
P= sin(60%) NG

= p=10x10°=16x10" kgms ™’
Hence, the correct answer is (B).

Since, every current carrying loop behaves like a mag-
netic dipole. If it lies in the plane of paper and cur-
rent in it is in clockwise direction magnetic field at all
points lying within the loop is perpendicular to paper
inwards and at points outside the loop magnetic field
is perpendicular to paper in outward direction.

For 6<180°, the centre O lies outside the loop and
current is clockwise. Therefore, magnetic field is per-
pendicular to paper in outward direction.

Hence, the correct answer is (B).

The magnified view of the arrangement is shown in
Figure.
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81.

82.

4
d:msm((i)

Tcos(6°) = mg ..(1)

: oY) _ #OIZI
Tsin(6 )_27:(2d) ..(2)

Dividing (2) by (1), we get

2 2
tan( 60) — ‘HOI ! — ‘HUI
drmgd  AmAgd

where 4 = ? =0.0125kgm™ and

bXT
180

tan(6°) = sin(6°) = 0.1

10717

= 01= 1
(0‘0125)(10)(@%‘1)

= [*=500

= [=223A

Hence, the correct answer is (B).

B= Uolin
2mx

where

22
cC-x
= I =1
in (Czbz]

2.2
B=&%%*%]
2mx\ c*-b
Hence, the correct answer is (C).
The path of the particle will be a helix of time period

g

po2m_ o
qBy, By

R

The given time = L.
By

. . . T
So, the co-ordinates of particle at time f=— are

(ﬂ, 0, —21’)
2

mo i)
where r=—* =0

qB, - By

. . VT =20
Hence the required co-ordinates are £ g, —2
By Byar

Hence, the correct answer is (C).

. On a horizontal rough surface, minimum force

required to just slide the wire of mass m is

Fmin = Jumg
1+ uz
= B, L= Hng
1+ yz
= B_. = _Hms

L2

Hence, the correct answer is (A).

dm d

B=2 %I](sin90°sin45°)
NG

B= 1-— |, ®
2rd 2

Hence, the correct answer is (B).

. According to Ampere’s law, we have

¢gﬂ=%;
For loop A, @B»di:yg([]):(]
For loop B,q‘)E-dT=y0(I+I—I)=pOI
For loop C, (ﬁﬁ-d?:—uol

For loop D, @B-d? =—yl

= B>A>C=D

Hence, the correct answer is (C).

86. Just like electric field is negative gradient of electric

potential, we can also say that magnetic field is nega-
tive gradient of magnetic scalar potential. So, we have
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g=_AVs = = =(r-d)

= at=(r-r+d)(r+r-d)
where Ax, is the perpendicular separation between

the equipotential surfaces drawn for magnetic scalar = o’ =(d)(2r-d)
potential.
-5 5 2r—d @’
- = 2r-d=—
p|= 22X DAV, gty d
(0.1)sin30°
Hence, the correct answer is (D). e ﬁ N d e
2d 2
X= E = (H—DI] 1 |
M U 2r N 1(gr?) Put (2) in (1), we get o
B( o L
= xml p:mv:qBr:q—(g—+d] -
r? 2\ d o
So, x becomes X when radius and current both are Hence, the correct answer is (A). §
doubled. 90. For electron (negatively charged) to hit the target M, ]
= Decrease in value of x is [x - E] = X magnetic field B must be directed inwards
8 8
Hence, the correct answer is (C). Electro
Since ="
eb
Let the field be directed along the side PQ , then o 2mK  2mqV
FPQ = 0 qB qB

For = BII 1 2mV 1 [2mv

=2 == |—=—|—

Frs =BIl B\ g BY e
d

Since, Fop and Fys are perpendicular to each other, so

Also, r=—
5 5 2sina
E..=v(BI) +(BI)* =2BIl
Hence, the correct answer is (C). = d = 1 %
, 2sinad BV ¢
. mo
. quBsin90=— .
¥ ~ B=? 2mV sing
= mv=qBr (1) e d

) 5 ’ Hence, the correct answer is (A).
Since a*+(r-d) =r

91. If the springs are extended through x;, then for equi-
librium of rod, we have
B{F

A m \
kxq g kxy
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2kxg +mg =ilB
£, = iIB—mg
2K
Length of spring now becomes

I=1y+x,

ilB-mg
2k

Hence, the correct answer is (B).

= !=!0+

92. Using Ampere’s Circuital Law, we get the desired
results.
Hence, the correct answer is (B).

93. At the centre of loop, magnetic field is
Hol

centre =
2a

At axial point, the magnetic field is

P L

axis 3
2a+42)2

Baxis _ ﬂ3

Bcentre (ﬂz X 3[2 )z

= Baxis = Bcentre 3

(a?+12)2

(12)°
(1444 25)3

= B =05x107 x

3
= B, =05x10"" x(EJ
13

= B, =39x10" T
Hence, the correct answer is (A).

94. Since B = pynl

Also, we know that the magnetic energy density
equals pressure. So,

b B (unI )’ e

2 24 2

Hence, the correct answer is (B).

mo 2mK
T = =

95. —
qB  ¢B

an
2(2m. \K
- (;;p)
2(4m,)K
= T ()8

= rp:rd:ra=1:\/§:l
Hence, the correct answer is (A).

96. The force acting on the elementary portion of the cur-
rent carrying conductor is given as,

dF = 1(dx)Bsin90°
= dF=Bldx
The torque applied by dF about O = dt = xdF

= The total torque about O is 7 given by

dF

S

[
e X———p —

dx
T= Ja’r = Jx(BIa‘x)
L
2
> 7= IBdex = 1BL
2
0
The angular acceleration
e T T
~ (Moment of Inertia ) (1 ol
of Rod about O 3

3IB
o=—
2m

Hence, the correct answer is (C).

97. Current divides in the inverse ratio of resistances, so
we get

.20 .15 .12
I =— 12=E ,13=EA

For force on wire 2 to be zero, we have

hiy _ s
dy  dy
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(]
20x15 _15x12 _, p-"mR
d d EL
P Hence, the correct answer is (B).
a_=-
dy 3 102, 4B _ ““H; {towards XY )
Hence, the correct answer is (B). ¢ 27:( 2)
2mv
i =Jr=""" 11
98. Dlameter, D=2r qB = FAB - u(;: 0 {tUWardS XY }
m
= De— Similarly, Fp __Holly faway from XY} [iias
q / 3¢
2| — (24
m. ) . o 2 L
Here — is maximum for C™ . So, it will hit the farthest. 1 =
1 = Fp= ] {away from XY } Q.
Hence, the correct answer is (B). 3 <
. . o . wolly  wolly  2( pll XL
99. The field at origin O due to the wires is shown in = F, =500 200 ZPR0T0 | gtowards XY ) U
Figure. “oor 3 31

Hence, the correct answer is (D).
103. F=1(IxB), where

=107 and B=(0.74j-03k) T

—  F=35[10%x(074j-036k) |

= F=(259%+1.26])x10* N

Hence, the correct answer is (A).
104. ‘FABC|=‘FAC‘=BHEH

= Fuc=(2)(5)(2)=20N

Hence, the correct answer is (B).

= Byigin = B, = 2Bi + ZB}' 105. Magnetic force E,|=BI/ acts in the direction shown
. |EU‘:2\/§B in Figure. )
Hence, the correct answer is (C). T g
100. The central wire creates field B = % counter clock-
wise. The curved portions of the loop experience no

force since /x B=0. The straight portions both expe-
Since the rod moves downwards with constant veloc-

rience a force 1(7x B) to the right, amounting to
ity, hence the net force on it is zero.

2 Holy J HolyI,L ;
F=1,(2L)] == | === to theright. p
o }( 7R TR 1g Blicosf N
Hence, the correct answer is (C).
BIY
101 mg=kx, and mg +Bil =2(kx, ) Blising /7

mgcosf

= mg+B(E)L=ng mgsing
R mg
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106.

107.

108.

109.

= F,cosf=mgsind

= Bllcosf=imgsin6
= B=(E]tan6
I

Hence, the correct answer is (B).

o0
I
|
I
A ““““““
R I . TS 0
e T g w0
I
Since B=-2 (sin; —sinb, )

dmr,

where 6, =90° and sin@, =

b
Va2 +b?

p=tolfy_ b
4ma va? +b?
Hence, the correct answer is (B).

Magnetic field at O is

B=3By, = 3[5—;%(sin6[}°+sin60°)]

4rL
Hence, the correct answer is (D).

Velocity magnitude will not change as magnetic field
does not work on charge. So tangential acceleration
(i.e., rate of change of speed) is zero.

Hence, the correct answer is (D).

DA =-2¢0s(30°)i - 2sin(30°)k = (=3i =k ) and
AB=2j

110.

111.

Since, M =I(DAx AB)

S| o A
- M:E[(f\/ﬁ—k)x(h]]
= M=-3k+i

= M:(tﬂ'—\/ﬁ)Amz

Hence, the correct answer is (C).

M=IA(-%) = —(4)(x)(05)*k

Y
g
z

Since, 7= Mx B =(-mk)x(10i) = -(10)

The axis of rotation is along 7 i.e., axis of rotation is
the y-axis, moment of inertia about which is

1 2 1 2 1 2
I=—mR?==(2)(05 =~ k
S 2( )(0.5) ; kem

= m = NTE =407 rads™
H
Hence, the correct answer is (D).

Consider an infinitesimal element of radius r, thick-

ness dr, length I such that volume of element is
dV = (2zrdr)I

dr

The magnetic field at this elementis B = ;1_01
nr
The magnetic energy density u,, is given by

_ B’ _ #012

Upy=T"+=
2#0 8?1'2?'2
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112.

113.

114.

If dU be the energy associated with this infinitesimal
element, then

2
U= Hol? Iloge[g)
4r a

Hence, the correct answer is (A).

No magnetic field at P due to wire along x-axis

Magnetic field at P due to wire along y-axis is

Bl =(H—OI)’2
4dma

Magnetic field at P due to wire along z-axis is

dma

Since 1=2m
R L L
= By="—"-j+k
P 875(} )

Hence, the correct answer is (C).

Let g be the charge and m the mass of the particle.
At (xp, 0, 0) speed of the particle is V4*+3% =5
units

Using Work-Energy Theorem, we get

1 5 25m

Ey)xg=—-mv" =——

(9E0 )% 2 7
25m
Xg=—
2qE,

Hence, the correct answer is (C).
For gBd < mv , we have

muv
d<«—

qB

= d<r

115.

Hints and Explanations H.47

Since impulse is equal to change in momentum. The
initial and final momentum are

p; = mui

Py =muvcos6i +mosinGj

Since sinf = d and d<r,so 6 is very small and
r

hence
sinf=0 and cosf =1

= jﬁf ~ mui + mvB}

= Ap=muvi +modj —moi

= Ap=(mvd)]

Since, 8= d
r

= |Aﬁ|=(mv)§ where r=%
= |Ap|=qBd

Hence, Impulse | = gBd

Hence, the correct answer is (C).

The following forces act on the particle.

* Force T acting radially inwards.

2
* Centrifugal force Ll acting radially outwards.
r

* Magnetic force quB acting radially inwards.

mvz

= T+quB=—-
"

'mUZ

= —-quB-T=0
r

= UZ—(ﬁ]v—E=D
m m

_ 1| qBr 7B +@
m m m

F
<4
L
=
o
<
I
Vv
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116.

117.

119.

2p2
v:zlﬂ ﬂ+£]

2| m m mr

Hence, the correct answer is (D).

Energy gained in one movement across the gap
is 100 KeV. So, the energy gained in one turn is
200 KeV

_20x10°
200%10°

Hence, the correct answer is (D).

B =HMN g
2r
B - HoNIr
22+ 12 )2
= B, = MM 5
thE
2r| 1+ —
2
2\
= B =B, 1+h—2]
p
2
= B,=B, 1—%] {-n<r?}
r
_, B-B _3K
B 21

C

Hence, the correct answer is (D).

Volume

2
B ]=[ Energy :|= ML_IT_z
21y

[R2C?] =[Time)? = T

[ B*R2C?
241

}: ML

Since the velocity of transverse wave in a string is

givenby v= \/% where T is the tension in the string

of mass per unit length A . So, we have

o]

120.

121.

122,

123.

S [;;21:[?}

- u{E (]
v v v
Hence, the correct answer is (B).

g - l(11) sl

P or\2 3) 1n

Hence, the correct answer is (C).
E,=(2)(1)(1)=2N

f=uN=(02)(2)(10)=4N

mg

Since, the applied force i.e., the magnetic force is less
than the force of friction, so the wire will not move at
all.

Hence, the correct answer is (D).

_ NI
2r

B

Since [=(27r)N

l
r=——0
27N

HyNi
)
= BeN?
= B=9B,

= B=

Hence, the correct answer is (B).

The torque on the loop must be equal to the gravita-
tional torque exerted about an axis that is tangential
the loop.

The gravitational torque is given by

T, =mgr (1)
Since M=(IA)k and only B, causes a torque.

Therefore, torque due to the magnetic field on the
current loop is
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(]
7, =| M x Bl = MBsin90° = n*IB, ..(2)
Equations (1) and (2), we get
1= M8
mrB,

124.

125.

126.

Hence, the correct answer is (B).

Hol
drr)

Since we know that B= (sin6; +sin6, )

So, magnetic field due to wire 1 at P is given by

Ui . .
B,=—""—(sin30°+sin30°)
17 4r(acos30?) '

Hoi
B, =
! 2:1.'\/511

Due to wire 2, magnetic field at point P is given by

, outwards

Hol :
B,=—%  inwards
27 n3(20)

Total magnetic field at point P is given by

Wy [ 1.1 1 ]
B= —IpIol

2rf3al 2 3 4
B= Upyi2ln2 _ y011n4’€

471\/53 4Jr\/§a

Hence, the correct answer is (B).
Charge on a ring of radius x and width dx
dq =(2nxdx)o

Current, dl = ﬂ _ 2ol =

- d
i ar o

uydIr?
Z(xz + yz ]3";2

2 2
B=u0crm[ o +2y —Zy]

dB=

2 2, yz
Hence, the correct answer is (C).

Consider an infinitesimal thin very long element car-
rying a current dI , at a distance x from it as shown
in Figure. Then

ar

127.

128.

129.

Hints and Explanations H.49

dl = £a‘x
b
If dB be the magnetic field due to this strip at point
P, then

dB:yg(d1)=u_gIﬁ
2nx  2mb x

a+b

N B=JAdB=u—”IJ- dx
2nbJ x

a

Lol (a+b)
B=—"log,| —
2nb 6. a

20,1 b
B=""1Io ,(1+ —)
4mb B a
Hence, the correct answer is (B).

Since, we have studied that

Magnetic moment ¢

Angular momentum 27

q

= Magnetic moment = (Angular Momentum) o
i

= Magnetic moment = (1)L
2m

= Magnetic moment = Lar? (o) L =1qu2
2 2m ) 4

Hence, the correct answer is (D).

In time ¢ = % = ; , which is half the revolution time,
q
the velocity of the particle will get reversed in yz

plane, so we have
5=21-3] -4k
Since, net force on the particle is zero, so we have

g(E+5xB)=0

= E=-(oxB)=-(21-3]-4k)x2

= E=—6)’2+8}

Hence, the correct answer is (C).
Moli gl

dn(a+x) 4mn(a-x)

L, a-x_h
a+x

= lLa-Lx=La+lx

F
<4
L
=
o
<
I
Vv
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130.

131.

132.

133.

_(Li=h),

1‘1 + fz
Hence, the correct answer is (C).
For a closed current carrying loop placed in a uni-
form magnetic field,

E.. =zero.

Hence, the correct answer is (D).
Since we know (have already calculated) the mag-

netic field due to the cross sectional (half current car-
rying) cylinder at its centre is

TR

Further, F = BI/ , so for 1 metre of length, we have

2
F= #UI
Y
m'R
Hence, the correct answer is (C).
The magnetic field vectors at a point P on axis of
circle are B, and B at the instants the point charge

isat A and C respectively as shown in Figure.

Since the particles rotates in circle, only magnitude of
magnetic field remains constant at the point on axis
P but it’s direction changes. We can also think that,
the magnetic field at point on the axis due to charged
particle moving along a circular path is given by

3 (qvxr)
dg\ 4

So, it can be seen that the magnitude of the magnetic
field at a point on the axis remains constant. But the
direction of the field keeps on changing, because at
any instant B must be perpendicular to 7 (as shown)

Hence, the correct answer is (A).

Force on BC and DE are equal and opposite and
hence cancel out. So, the force on CD is BIL

Hence, the correct answer is (A).

135.

137.

138.

139.

140.

Consider two elements PQ and RS at equal distance
point O . Magnetic field at PQ due to I, is perpen-
dicular to paper outwards (@) and at RS perpen-
dicular to paper inwards (®). Therefore, magnetic
force on these elements will be in the directions
shown in Figure.

A:

Fe—

—F

B
Hence, net force on wire AB will be zero but it will
have an anticlockwise torque.
So, F=0 and 7#0 (CCW)
Hence, the correct answer is (B).

Magnetic field due to ADB is

Hol
B,=|— 1,0
! (4}:3]
and magnetic field due to ACB is

B,=*l(2r-0), @
dra

I

A or 0y Hol(np) 0
4ma

2ma

Hence, the correct answer is (C).

\2mK
qB

V2myKy _ VszKP

q:B q,B
eB "~ ¢B

= K, =2K; =2x40 MeV =80 MeV

Since, R = and R, =R,

Hence, the correct answer is (B).

Using Ampere’s Circuital Law, we get the desired results.
Hence, the correct answer is (D).
Electron velocity v is directed along magnetic field
lines, so

F=0

Hence, the correct answer is (D).
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141.

142.

143.

144.

B:H—‘)I(ig)+ﬂ—‘ﬂ(+})+u—[ﬂ(i£)

2R 2R 7T 2R

1 Mol
> [Bl=223
2R

Hence, the correct answer is (B).
Since |7|= MBsin®

o

]
= W= jdw = _[rd@: _[MBsiaBd@: MB(-cos8)
0 0

= W=MB(1-cos8)

Hence, the correct answer is (D).

When A emits P, then both have charge of equal
magnitude. Also, A and P will have the momen-
tum same in magnitude, but they will move in oppo-
site directions.
Since r="2=F.

98 4B
cle of same radius and the same centre but in oppo-
site sense as shown.

,50 A and P will move in the cir-

If they meet after time f, then we have

wat+opt =21

o 4= r 2r
_ﬂ’A“UP_@ 2¢B
dm (A-4)m
t_4(A—4)mzr
eBA
Since 6 = wt

2B 4m(A-4)
= Oy=wt=——X—
4m eBA

_2(A-4)r _48r
SR
Hence, the correct answer is (D).

0, radian

The situation, for the cross-sectional view of the wire
is shown in figure in which the current is coming out
perpendicular to the plane of paper.

145.

146.

Hints and Explanations H.51

J/” (Coming out L to]

plane of paper
0 L a2+ o
-7

I~

Force on the current element ds is dF = Blds .

By symmetry, the forces in the plane of the current
loop gives zero when contributions around the loop
are added. But vertically net force F is calculated as

F=I(Bsin@) (circumference of loop)
= F=(IBsin®)(2ra)
= F=2nalBsinf

Hence, the correct answer is (C).

F
<4
L
=
o
<
I
Vv

Since F=1(IxB)

where, T =(11)i and B=By(i+]+k)

¢
k
0
1

= |Fl=BylIN2 =2B,ll
Hence, the correct answer is (D).

The work done is given by
W = Uf - ui

where, U = potential energy

= W=(-M;Bcos0°)~(-MBcos0°)
= W= IB(Ai fAf)

where A; =a” and Ap= R

Since, 27R = 4a

R=2

T
42
= Af=i
’ T

= W=BIaz(l—£)
T

Hence, the correct answer is (C).
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147.

148.

149.

150.

At the point A, field due to both the wire and the
loop is inwards, so

B, =B

net — “wire

+ BloDp

So, net field is more than the field due to loop/coil.
Hence, the correct answer is (B).

Maximum magnetic field is at surface of the wire and
is given by

I
p=fo’ {using Ampere’s Circuital Law}
2t R
= BR
Hy
2r
(5x107 )( 32, 10—3)
= I= 2 -
2x10”
= I=40A

Hence, the correct answer is (A).

Since the particle enters perpendicular to the field, so
it follows a circular path of radius r given by

For particle to pass through O, P and O must lie
my

on the perimeter of this circle of radius r= 5
q

Since, R =2rsinf
= R=2""gng
qB
gBR
2msin@
Hence, the correct answer is (B).

= UO:

If R be the radius of the loop, then
A=1R

= R=\/E
T

I
Since, B =20

151.

152,

153.

_R
Uy

By definition M =1A= [%JA = [%]\/E
Ho IVARD

Hence, the correct answer is (C).

1

B at the centre of smallest square is given by

Kol 5sin(45°)

()

B, =4

B = 22uf , inside
na
Similarly, we get
B, = 224 , outside
7(2a)
2W2ui . .
= , inside
37 72(3a)
and so on.

Hence, net magnetic field at the centre of arrange-
ment is

Bnet=B1+B2+B3 +B4 +BS+ ............

Bnet = 2\/5‘1‘101[1—14-1—1
ma 2 3 4

2244 log, (2)
ma

B

net =
Hence, the correct answer is (B).

For B to be zero at the centre, sum of field due to the
ring and that due to the semi-infinite straight section
should be equal and opposite

#_ofﬂ_of(ﬂ)=o
2R 2nR

2
= #_GI[]__E):D
2nR 2

= 0=2rad

Hence, the correct answer is (C).
Magnetic field due to circle is

Ul

2R
Since, L=2xR

= 2R=E
b

1
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Hints and Explanations H.53
se P

B, = Mol a4 ( Mol ] 156. Because current in both the loops is zero, so B=0
L L Hence, the correct answer is (A).

Magnetic field due to square coil s 157. Field at centre of an arc subtending an angle 6 is

!
B =2ﬁ[”—”]
: X B= ( Ml )9
dxr
Since L =4x
L Net magnetic field B is
> x=-—
4
= 32:8J§“—‘?1:3.60(“—(’I) -
rL L o
= B <B, E
Hence, the correct answer is (B). Q.
154. Consider an element of length dx at a distance x () <
from the wire. XL
i B=B,+B, UV
Field at the element is B= -2~
2mx
If dF is the force experienced by the element then where B, = el and B, = o
8R 8(2R)
dF = BI dx - L
Ho Ho
] = = 4 —
JF = Hoil dx 8 R 2(2R) 4
2r x
. 3L;'2d = B=1('u—01)®
o P x;if J dx 16\ R
T L2 * Hence, the correct answer is (A).
il 3L/2 158. Applying Ampere’s Law to the Rectangular Loop
= F=—"/nx 12341 shown, we get
2t e
2 3 4 1
_ F=#L”{m£_m£} gﬁg.dz=j§.dz+jé.dz+'[é.d?;+jg.ﬂ;
2r 2 2 1 2 3 4
F= ‘;L“T 3 For 14 and 32 (or 41 and 23),
7 - -
Hence, the correct answer is (C). BLdf and hence jB dt=0
155. Since Impulse = change in linear momentum, so we P
L geint v For1to2and3to4 B/ di
ave
JPdf:mv = @Ewﬁ:mf
= J-BI fdt =mo —
2 1
Tt Tttt T I
\ [
= ijldf =mu | | T
S OXO JOXOXOIORORCROKORONN
I
= Big=mv { Jldt = q] i i l
3T 4
q= = °
Bi
f—— [ ——»]

Hence, the correct answer is (B).
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159.

160.

161.

According to Ampere’s Circuital Law,
@E : d_f = MDIenc
= 2B/=py(Ar)

g= Hot
2

Hence, the correct answer is (B).

Due to symmetry of the circuit, it is clear that for each
current carrying wire there is another wire that can-
cels the field of the first.

For example, the field at P due to wire AB is can-
celled by field of wire GF . Field of wire CD is can-
celled by wire HE . Similarly, AH and CF, DG and
BE, BC and HG, AD and EF fields are cancelled
and hence net field is zero at P .

Hence, the correct answer is (C).

Since, kinetic energy K =gAV
= K=QUu
For the particle to move in a circle, we have
R= my _ 2mK _ m
QB QB QB

Since the magnetic moment M is

M=iA=i(zR?)

2mOUu
= M= Flart)= sl 2 |
o)

2
M—Q B 2rmQU QU

“2tm Q'BY B

If U is doubled and B is also doubled, then M
remains same
Hence, the correct answer is (D).

Since magnetic field at the centre of an arc is equal to

I
B=FCg
drr
Hence net

B=u_01{1_1+1 1 1 1]9

dr | r 5 5_5 §_§

B:Juo_le(l 1+1 11 l)
drr

B_ﬂ019(6030+2015+1210)

Ay 60

162.

163.

164.

165.

166.

167.

B= pg_fﬂ(g]_ 37,160
4mr \ 60 240nr

Hence, the correct answer is (B).

When the current in the loop flows clockwise, then
only the loop will be attracted towards the conductor
because AB is attracted strongly towards conduc-
tor and CD is repelled weakly away from it (Think
Why?). So, net force will attract the loop towards the
conductor.

Hence, the correct answer is (D).

Pty
2T r
5)5)
poM\3NA3)_F
2r 3r 27

Hence, the correct answer is (D).

When the plane of the loop aligns itself normally to
the field, then torque on it becomes zero, because

angle between M and B is 0°. For this to happen
the loop must turn through an angle [g+ 9) :
Hence, the correct answer is (B).

7 dueto B, is 75 = MB, =I(nR?)B,

7 dueto mg is 7,, =mgR

For equilibrium, 73 =17,

= I(zR )B{J =mgR

=%
7By,R

Hence, the correct answer is (A).
From Ampere’s Circuital Law, we get

Bl (271'):) = ,u.of

p, - Lol
2mx

Again, using Ampere’s Circuital Law, we get
B, (27)(2x) = o (I+1)
= 82 = ‘H—UI = Bl
2mx
Hence, the correct answer is (C).
The magnetic field due to a lengthy thin walled tube

at any internal point is zero. When a longitudinal slit
of width w is removed, then a net field will exist
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Hints and Explanations H.55
se P

inside. The tube with a slit can be visualised as equiv-

. : 1(2am Y 1| 2am
alent to a full tube carrying a current I and a slit car- = t= —( —] + —|: ( )]
rying current - (i.e. current equal in magnitude 41 9B ) 204028
and opposite in direction). So, the net field inside the

mmo Tm mm

tgbe i§ due to the slit carrying current I in opposite = Zq_B + Zq_B = q_B
direction.
Since Hence, the correct answer is (B).
B =0 169. Since we know that the GYROMAGNETIC RATIO
equals,
-~ B _p o _ Molgy
actual ~ Tslit ~ 5o o Magneticmoment g e —
Angular momentum 2m  2m o
S . . L
0, magnetic moment is |_
— N D . Q.
I = ¥ M= —
( 2m ) §
- (angular momentum of the electron in 1™ orbit) V
From Bohr’s Quantisation Rule, we have
Bactual = Btube + B
Lot
(Since width of slit is very small, so field due to slit is 2r
equal to that of a thin wire).
Further = M:[i)(ﬂ):ﬂ
2m N\ 2n ) Admm
I
i = ( R ]w Hence, the correct answer is (B).
| 170. Magnetic field is non zero only in the region between
— |w the two solenoids, where B = piyn,i
B _#D(Z'TR] _ Kl n
= Pacwl T T T IR So, energy stored per unit volume is
Hence, the correct answer is (C). TR
Uy=—="2%
mo 2o 2
168. For the first, r=— . )
qB The energy stored per unit length is the energy per
unit volume times the area of cross section in which
. ,_ mv
For the second region, r’ = =— B=0
g(2B) 2
22
Holohy 22
= e=——|nln-r
2]
Slnce Hlfl = 1’1252
2.2
Holi 1y 2.2
= e=—"—|nln-r
)
= e= %nfi?(rﬁ - rl2 )
This makes us conclude that the particle will cover a Hence, the correct answer is (A).

quarter circle in the first region and a semicircle in the ' o )
second region, so that it can come out of the magnetic ~ 172. For rotational equilibrium of sphere about point P,
field. Hence, we have we have

T T (mgsin@)R = M(Bsin(180-9))

b= =+ —
4 2
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M 174. The point A shall record zero magnetic field (due to

o particle) when the & particle is at position P and

P Q as shown in Figure.

mgsin@
mgcoso

= (ngsinB) = 1(zR?)Bsin@

=8
IR

Hence, the correct answer is (D).

The time taken by o -particle to go from P to Q is

173. Due to symmetry, B,z = Bop and Bge =Bp,

D i c t=1(2—”)
~ - s 3 @

OB
P ouml
s G 91 \\

2r
0w=—
3t

Hence, the correct answer is (B).

]
]
A P
H a > 175. The net electric field
. E = E] + E‘z
By = ‘u—‘];(sinﬂl +siné,)
4 L p.0,0_0
280 250 &

The net force acting on the electron is zero because
it moves with constant velocity, due to its motion on

Hy 41) fa
Bip=| — || —
- s (4::](5? (\/a2+b2J
straight line.
Similarly, By = By =[ 22 || £ )| -==
lmlary’ Be—TbAa T A a az+b2 = I_:net= P+Fm=0

= B=Byg+Bc+Bcp+Bpa=2(Bap +Bep) = ‘_e|=‘_m|
Ho 4i a b oa b = c¢E=evB
= B=(—J( ](—+—+—+—
dr N\ Jl2+pr Nb a b oa E oo
= "B B
] 0
- B=L(25+29]
aa?+p*\ b a The time of motion inside the capacitor is
2y (a2+b2] =L &8
= B= v g
ald +i2\ ab

= B=ﬂ~m2+b2

mab

=
i

=)

Hence, the correct answer is (A).

176.

Hence, the correct answer is (B).
F =Bllsin®

= Fpp=Bllsin0°=0

= FQR = BIlsin90° = BIl

Hence, the correct answer is (C).
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177. 1f the currents are in the directions shown in Figure.

y
] ‘
P
. »X
0
l+ 8+« G =8 -+
Then B, = —Z(ﬂijﬁz —(M—UI)I%
2w a ma

g=(ﬁ£)§_(&LJ,}

2ma 2 3a

5 g{ﬂl)@:_ﬁ_@
3ma 3

= B=Jz_O along -z axis

= B=B—0, ®
3

Hence, the correct answer is (C).

178. The situation, for the cross-sectional view of the wire
is shown in Figure in which the current is coming out
perpendicular to the plane of paper.

dF
a 0 g
Tt .
! _-~~ (Coming out L to
d! 7 !'\plane of paper
| g ’,/’ Va2 + &?
D/

Force on the current element ds is dF = Bids .

By symmetry, the forces in the plane of the current
loop gives zero when contributions around the loop
are added. But vertically net force F is calculated as

F=i(Bsin#) (circumference of loop)
= F=(iBsinf)(27a)

= F=2rmaiBsinf

Since sinf = f
Val +d?

_ 2ma%iB,

Vf+f

Hence, the correct answer is (B).

F

179. F,,=F,=1(7,xB)

where /,;, =2y(2)(2) =4 m

180.

181.

Hints and Explanations H.57

> Ey=2[(~4])x(—4k)]=3i
Hence, the correct answer is (B).

According to Modified Work-Energy Theorem, we get,

1 1
W = gEAx = —mvy +—mv; —0
2 2

N (4x10*)(4)(x):%m(42+32)

= (16x104)x=%><10><10'6><25

250 125
Y=—m=—m
32 16
Hence, the correct answer is (B).
For equilibrium, we have
YF=0and Y7=0

F
<4
L
=
o
<
I
Vv

= TN+T,=mg (1)

Torque on ring due to current is

7, = MBsin6 = irR*Bsin (45°)

inR’B .
= T;= N , counter clockwise in xy plane
M
i y
e d5 )_x
z
i
Since ¥7=0
= T+ +7,=0 {about 0}
T T,
%%
|
1 |
| I |
| I |
b
1 H I H 1
V2 2



L I
CCW Cw CCW

Taking CW as positive, we get
TR_TR kB
22 2

= T,=T,+mRB

= TI_TZ=%

Using equations (1) and (2), we get
L '
8 8
L3
T, 3

Hence, the correct answer is (B).

182. Since, E= > A

ey
= AV=V= ’lln[ “J
2mey; \b
A 1%
= —
=)
b
From (1) and (2), we get
1%

E=—
Inl £
rn&)

B varies with r as

g bl
2mr

Since, B and E are perpendicular to each other, so
for the electron to travel undeviated parallel to axis

in the evacuated region, we have

183.

ICON
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E 2nvV

B a
Iln| -
fo (b)
Hence, the correct answer is (B).

By Right hand thumb rule, the field due to both the
segments is out of the plane that is along +ve z axis.

Hence, the correct answer is (B).

Multiple Correct Choice Type Questions

1.

We apply Ampere’s Law to the co-axial circular loops
C; and C, with corresponding magnetic fields B,
and B, respectively. For C; and C, we have the
OPTION (B) correct. On the other hand, when the cur-
rents are in same direction, B, #0 and B, #0 . Hence,
the OPTIONS (C) and (D) are also correct.

'Y
I
T
C2 B1
B,

Hence, (B), (C) and (D) are correct.

By =0, because current in upper part and lower part
is the same due to which the magnetic field for upper
part is into the page and for the lower part the field
is out of the page. B #0, because current in upper
and lower section is not same. Hence net field at Q
will not be zero. B, =0, because current in upper and
lower section is same.

Hence, (A) and (C) are correct.

9.8

Therefore, path of the particle is a circle. In magnetic
field speed of particle remains constant. Therefore, dis-

T T,
tance moved by the particle in time f=— is vyt or
o, By
'3
aB,

/ vosin(soujil
* l
l 1

60~

A Vycos(60°)
[aEe SIS

Y

|
|
A 1
I
|
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L] ]
Singe T= 2" _ 2%
qB, aB,
T T
= t= =—
3oB, 6

= =1, [cos(60°)f+sin(60°),7]
Z;—U(I-f-\/g])

Hence, (B) and (C) are correct.

= 0

Please note that since the magnitude of velocity
remains same in the magnetic field. This is true but will
not help us to conclude whether (D) is correct or false.

g T
qB
= a=£=1
T
muysin@
r=
qB
. b_r_l_sin30°_i
r, sin60° 3
p=(T)(Uc059)=M
qB
. C:ﬂ:COS30 _
p, cos60°

From above, we get
abc=1, a=bc and c=3ab
Hence, (B), (C) and (D) are correct.

5. At the axis of the coil, we have

11yiR
BI=“7§
2(R2+12)2

{OPTION (A)}

Let us now calculate J.B_de
0

m -
= J‘Bxdx= Ju(];R J dx 3

0 0 (R?+22)2
Substituting x=Rtan8 , we get

dx = Rsec” 646

When x=0, 8=0 and when x -5, 6—)%

Hints and Explanations H.59

2 2 2 2
. J‘BxdxzuozR JRS;C 83d8
2 R7sec’ 0
0 0
- .2
= |Bux= %jcos 6de
0 0

oo

= |Bdx=

o |5

(sinf—sinO")
2
0

= |Bdx= Kt
J 2

0

{OPTION (B)}

F
<4
L
=
o
<
I
Vv

oo
Similarly, J Bdx= ,uot( sinZ + sinx)
2 2 2

= IBde = ( %’j)(z) = Uyl {OPTION (C))

Hence, (A), (B) and (C) are correct.
F=Bqu

= B=£— N

=— _=NA"m? {-1Cs'=1A}
qu  Cms

=

Further B= ’U—DI
2R

2R (NA'm™)m
by=—"=—""""= A
I A

Since ¢ =BA=(NA'm™)(m?)=NmA

Since we know that

[%]:[CR]

L
= [R]—|: E:|

L . . .
So, \/; will have units same as that of resistance

VAT
Hence, (A), (B) and (D) are correct.

2
B= % along x-axis
ri+x
B NI 7
2r 3

(r2+x2)2
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10.

12,

Bt
2r

According to which, the coil with lesser radius is to
make more contribution.

B_n_l

B, n 2
Hence, (B) and (D) are correct.

B L4, so, it may along y-axis, so, OPTION (A) is
correct

il
= alv=0
= 4a-
= @by +a,b, =0, 50, OPTION (B) is correct

Since B L3, so for B along x-axis this cannot be pos-
sible. Hence, OPTION (C) is incorrect.

Magnetic force cannot change the kinetic energy of a
particle. Hence, OPTION (D) is also correct.

Hence, (A), (B) and (D) are correct.
Under the state of equilibrium,

Electrostatic force
acting downward

_ [ Magnetic force
~ | acting upward
= gE=quBsin90°

E

= v=—
B

and under this state, the particle must hit at O
Hence, (C) and (D) are correct.

B —&_}_ﬂ—&(l{_é)

““47R 8R 4R\7m 2
g~ St _ui(3_1)
Y8R 2tR 2R\4 =
_ Mo Bit po M
“ 47R S8R 4zR S8R

Hence, (A), (B) and (D) are correct.

Area Swept o’

Areal velocity = — — =
Period of one Revolution T

2
mo

L = 2
[qBJ _m?_K

= Areal velocity = —— 5 =—=—
2mm | 2B gB
gB
dA_K_
at qB - 2mgB

Hence, (A), (B), (C) and (D) are correct.

13.

14.

Since, F=q(E+5xB)

So, for the proton to suffer deflection along +x axis,
the force acting on it must be along +x axis. For that
to happen, we must/may have

CASE-1: E along x-axis ( B is switched off)
CASE-2: 7 along +y axisand B along +z axis, so
that 5x B isalong +x axis (E switched off)

CASE-3: E along x-axis, B along +y axis
= ivy} - zgé
i xB isalong +x axis

CASE-4: E along +x axis B along -y axis
o=1v,j+v.k
9 xB isalong +x axis

Hence, (B), (C) and (D) are correct.

Distance described by the positively charged particle
in the magnetic field is

4 @B

{=2n-20

(For +q)
I=2(n-6)R

(For —q)

mo
[=2(r-0)—
= (m e)qB

Time taken by the positive charge particle in the mag-
netic field is

1 Am-o)m

v v qB

f=w (1)
qB

For the case of negative charge particle entering the
field, we have

I=R(26), where R= "%
gb

t_i_&_vaﬂ
v _qu
p= 2m0 .0

gb
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Hence, for ¢, =4g,, t;=t,, OPTION (B) is correct.
for ,>0, q,<0, t; >t,, OPTION (C) is incorrect.
for ¢, <0, q,>0, t; <t,, OPTION (D) is correct.
Hence, (B) and (D) are correct.

16. Restoring torque 7=-MBsinf

= T=_(m’212)(éﬂ—£)9 {++ forsmall 8, sinf=6}

2
= (lmrz)a:—(iuoﬂllzr JB
2 2R

- - _( Horthy1, )9
mR

= 9’+(@)9=0

mR
Comparing with standard equation of SHM, ie.,
8+0’0=0,we get

0= Homly I
mR
mR
Homtly I
o T, Teym, TR

JLI

and is independent of r
Hence, (A), (B) and (D) are correct.

= T=2r

17. If A is the current per unit length, then

Hoh
A 2
Ho'o p
2 1
! 1

ok

1
R 2 gy
2

gtk

2
B _Holl_ﬂolz
o= -2

2 2

Hohy | Mol
Bp=——"+—*%=B
R="5 7 P

Hence, (B) and (C) are correct.

Hints and Explanations H.61

18. In REGION 1, the charged particle passes undeviated
(See Figure given with PROBLEM), so we conclude
that the electrostatic force must be balanced by mag-
netic force. Hence

qE = quB

= p== {OPTION (A)}

B

Since in both regions, the charged particle has F and
§ perpendicular to each other, so work done in both
regions is zero. {OPTION (B)}
Further, REGION 2, has got only the magnetic field, so
the charged particle will move in a circle of radius

=l (- B, is the field in REGION 2J
qBy
m E
r=—-o
9B, B
o - E E {OPTION (C)}

(qf-"’m)BBo ) ﬁ

For /,>r ie. /, >i the charged particle will
sBB,

complete the semicircle to emerge out from region
with a velocity directed opposite to the initial velocity.
Hence @' =-7 {OPTION (D)}

Hence, (A), (B), (C) and (D) are correct.

19. Since 7 LB, so the particle is performing circular
motion in xy plane with radius of circle given by

my 1x10
r=—=——=5m
qB 2
The radius of the circle given by the equation
x4yt -4x-21=01is 5m
Also, the radius of circle given by the equation
X +y*=25is 5m
The time period of revolution of particle is given by

_2am_ 2nx1

—= =3.14s
g8 1x2

Hence, (A), (B) and (D) are correct.

21. Torque acting on loop is given by
7=ilbB;sinf
The torque direction can be given by right hand thumb

rule according to which 7 acts along —y direction and
hence it has a tendency to decrease 8.

Hence, (A), (B) and (D) are correct.

CHAPTER 1
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22,

23.

25.

Auniform magnetic field B and a uniform electric field
E exist perpendicular to each other and the particle
moves along a direction perpendicular to both of these
fields, then forces exerted by these two fields may be
opposite to each other as shown in Figure. If magni-
tudes of these forces are equal, then resultant force on
the particle will become equal to zero.

v
@B

gF——E

qvB «—%—»qE

Hence, particle will move with constant velocity.
Hence, the OPTION (A) is correct, obviously, the
OPTION (B) is wrong.

If E is equal to zero, then the particle will experience a
force due to magnetic field alone. But the force exerted
by the magnetic field is always perpendicular to the
direction of its motion, hence, no power is associated
with this force. In other words, no work is done by the
magnetic field on the particle. Therefore, KE of the par-
ticle will remain constant. Hence, the OPTION (C) is
also correct.

Hence, (A) and (C) are correct.

To find the Ampere force on a conductor of any shape
just replace the conductor by an imaginary straight
conductor joining the two ends of the given conductor
having effective length /4 = 4.

Hence, (A) and (C) are correct.

Since the wire is held in equilibrium, so net force on
the wire is zero.

Net magnetic force on the wire is F = Bll ¢ = Bl (V2r)
= F,=+2BIR

From the figure it is clear that

T=i=BIR

V2

Hence, (A), (B) and (C) are correct.

26.

27.

28.

29.

]
At P, electric field E= (to the right), and mag-
2meyx
- ol .
netic field B=-— (into the paper).
l 2mx ( paper)
1 I
L, 18l
T ek
+—|E|-
X — 2megx

For no deflection, ¢E = quBsin(90°)

= ==
B

A 2nx)y A 1 yra
= U= —_— s =
2megx \ ol ) Tegpy 1

Hence, (A) and (D) are correct.

The pairs F and  and F and B are always at right
angles to each other, because F is always perpendicu-

lar to the plane containing B and 7 . Vectors B and 7
have any angle between them.

Hence, (A) and (B) are correct.
Magnetic field at the centre of first coil is

_ oNyiy _ (4mx107)(50)(2)

B
TR 2(5%1072)

= B, =4zx107T

Magnetic field at the centre of second coil is

g, - folas _ (47x107)(100)(2)
2R, (2)(10x10?)
= B,=4zx107*T
When currents are in the same sense, then we have
B, =B, +B,=81rx107* T
When currents are in the opposite sense, then we have
B,t=B,-B,=0

Hence, (A) and (C) are correct.
Pitch = Zar_m vcosf
OB

musin @
QB
Maximum distance of the particle from the x-axis is
A = 21

Also, r=




3L

32.

33.

ICON

@ vcosf = Z@Sine
QB QB

= tanf=nw

Hence, (A), (B) and (C) are correct.

Magnetic field at the centre of a circular coil is given by
p=tl
2R
. , 1
Since we know that ¢* = ——
o€y
Lol
0 czeo
= B= 21
2c°gR

Hence, (A) and (C) are correct.

When electric force gE and magnetic force quB bal-
ance each other, then the particle will move in a
straight line.
= gE=qv,B

E
= U= E

If electric field force is not balanced by the magnetic
field force, then either gE > quB OR gE < quB

When gE > qvyB, then v, < % and when gE<uv,Bq,
E

then v, >—.
B

Hence, (A), (B) and (C) are correct.

Magnetic force is always perpendicular to the velocity
of the particleie., 7 Ld

= 7-4=0

= 12+4x=0

= x=-3

Further since F=q(dxB), so the magnetic field is
perpendicular to the plane of velocity i.e., xy plane.
Hence the magnetic field is along z-direction.

Also, we know that work done by a magnetic force is
zero so from Work Energy Theorem, i.e.,, W= AK, we

get

Hence, (A), (C) and (D) are correct.

Hints and Explanations H.63

34. Apply Ampere’s Circuital Law we get
B(r)=0 {inside the tube)
= B(2rr)=u,l
po lol
2rr

= Boc1
T

Hence, (A) and (C) are correct.

35. For the conical pendulum, force equations on the
charge can be written as

Tsinf+F, = mro*, where r=Lsin®
= F,=quB=¢(Lsinf)wB

= Tcosf=mg

Tcost

- ™ sinf+4(wLsinB)B = mw’Lsind
cosf
) mgsinf
_, p.Mmo Lsind 50

“(wLsinB)g (wLsinB)q

= B:ﬁ—izl(m_ g )
q qwLcos® P wLcos®

Rate of change of angular momentum i.e., torque of
the bob about point of suspension is not constant.

Hence, (A) and (D) are correct.

37. dI=JdA

F
<4
L
=
o
<
I
Vv
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38.

40.

= dI:kr2(2m' dr)

= I= 2nkjr3dr
0

= I= lm'ca4
2
Further, field for r>a is
g Mol _ poka®
2nr 4r
and field for r<a is
p ( mkr )
ol =
B 2

L 3
==~ =—1qkr
2y 4“0

Hence, (A), (C) and (D) are correct.
Time period of motion is given as

_2mm_ 21

qgB 0B,
m T . o

At t =——=—, the velocity of particle is

oB, 2

5’ = _00% + v(]]::

Speed of charge in magnetic field always remains con-
stant, so we have

v =0=1,42
o

2
Att= Tir =T, displacement is equal to pitch. So, dis-
0By

placement is given by

AJ{:&')O’IE2ﬂ
aB,

At t= 2% =T, the distance (/) is given as product of
0By

speed and time, so we have

Hence, (A) and (C) are correct.

Velocity vector is perpendicular to magnetic field.
Therefore, path of the particle is a circle or radius

_ Ity
qB

r

42.

v=1, as the speed of the particle does not change in
magnetic field.
Centre of the circleis C.

CP=CQ
= ZCPQ=£CQP
= 90°-0=90°-¢
= 0=¢
Further PQ = 2PR = 2rcos(90° - 6)
= PQ=2rsinf

2mv,sind

PO =
= PQ B

Also, /PCR= /RCQ =8

= ZPCQ=120
= @=(2}r29)r=mg_m
q

@= 2m(r-0)

= tpen =
PsQ % 4B

Hence, (A), (B), (C) and (D) are correct.

Let d = distance of the target T from the point of pro-
jection. P will strike T if d is an integral multiple of
the pitch.

Pitch = M—m vecosf
OB
Here, m, Q and @ are constant
Pitch = k[ 3)
B
where k = constant

Tnitially, d = k( ”—0]
B,

Hence, (A) and (B) are correct.
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43. The velocity of proton makes an angle of 45° with
the direction of magnetic field. Therefore, path of the
proton is a helix. The plane of the circle of this helix is
the plane formed by negative x and positive z-axis.
Therefore, x-coordinate can never be positive. Further,
x and z co-ordinates will become zero simultane-
ously after every pitch and y-coordinate of proton at
any time f is

Y =0yt
= Yot
Hence, (B) and (D) are correct.

45. When o= then 3|/ B
= F=0
So, OPTION (A) is correct
i
Since, F=q(5xB)=q|a
B«

= F=glo®-p)k (1)

R R

= |F|x(a2—ﬁ2)

So, OPTION (B) is also correct.
Also, from (1), we get OPTION (C) to be correct.

Hence, (A), (B) and (C) are correct.

47. Consider only one plate as shown in Figure.

The field on both sides of plate is shown in Figure.
Applying Ampere’s Circuital Law to the contour C,

we get
28L=p0(jL)
b ol

48.

50.

Hints and Explanations H.65

Superimposing, the field due to two plates we get at
P both fields cancel each other and at Q , they add to

give By = ko
Hence, (A) and (D) are correct.

B(2:rr)= Iu(]Ienclosed
I
B(2mr) = g — &
T

B= ﬂoI’;
2ma

B(r)=0 at r=0,

for 0<r<a,

B(r)oc1 for r>a and
r

B(r) is maximum at the surfacei.e., at r=a
Hence, (A), (B), (C) and (D) are correct.

F F
m P m

F
<4
L
=
o
<
I
Vv

Since, m, < ,

So, a,>a,

1 1
= d:ErzL,flz, d:iaptf

12
o h_(m )
ty m,

Hence, (A) and (C) are correct.

Reasoning Based Questions

2

muv
—=quB
r
2
0" _quB . . :
= 0=2=12 iscalleda centripetal acceleration
rooom

If the particle moves parallel or antiparallel to the field
then acceleration is zero.
Hence, the correct answer is (A).

Work done by magnetic force on moving charge is
Zero.
Hence, the correct answer is (A).

"B

Hence, the correct answer is (A).

|Bl is proportional to number of magnetic field lines
per unit area (area should be normal to field).

Hence, the correct answer is (D).
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7.

11.

12,

13.

14,

15.

U=-M-B=-MBcosf

¢

Since, M, B as well as 6 remains constant, U does
not change.
Hence, the correct answer is (A).

mo
r=—
qB
Singe T = 2% = 27
v 4B

So, we observe T is independent of r. Hence
Statement-1 is incorrect.
Hence, the correct answer is (D).

The winding of helix carry currents in same direction.
Hence, they experience an attractive force pulling the
lower and out of mercury. As a result of this the circuit
breaks and so the force of attraction vanishes and the
helix comes back to its initial position, completing the
circuit again.

Hence, the correct answer is (B).

See Theory.
The correct answer is (C).

Initially moment M = Irr’

And afterwards M’ =Iz(2r)’ = 4I(7r?) = 4M

So magnetic moment becomes four times when radius
is doubled.

Hence, the correct answer is (A).

F= qo X B

= FLl3

So, power produced by magnetic force is zero

= Kinetic energy of particle will remain conserved
Hence, the correct answer is (A).

Use 1_3=(j)1d_{f><B=0
7=MBsinf=0
Hence, the correct answer is (B).

The magnetic lines of force due to current carrying
straight solenoid is same as that of bar magnet.
Hence, the correct answer is (A).

18.

21.

22,

23.

25.

26.

27.

28.

29.

The period of a charged particle in a magnetic field is
given by

_2am

B

T

Hence, the correct answer is (A).

Force on the loop is not zero; because magnetic field is
not constant.
Hence, the correct answer is (D).

Due to both positive and negative charges the wire is
electrically neutral and hence no electric field is pres-
ent and only magnetic field is created.

Hence, the correct answer is (D).

Magnetic force is always perpendicular to magnetic
field and small element. Also, the force depends on the
current direction.

Hence, the correct answer is (B).

F =0 in both case.
Hence, the correct answer is (C).

As we know every atom of a magnet act as a dipole.
So, poles cannot be separated. When magnet is broken
into two equal pieces. Magnetic moment of each part
will be half of the original magnet.

Hence, the correct answer is (B).

For a solenoid B,y = %Bimide. Also, for a long sole-

noid magnetic field is uniform within it but this reason
is not explaining the statement (1).
Hence, the correct answer is (B).

Velocity is a vector quantity even if direction changes,
velocity is said to be changing, no matter speed
remains same or different.

Hence, the correct answer is (C).

Cé=BINA

BNA
¢'(T]I

Using iron core, value of magnetic field increases. So,
deflection increases for same current. Hence sensitiv-
ity increases. So, Statement-1 is true.

Statement-2 is false as we know soft iron can be easily
magnetized or demagnetized.

Hence, the correct answer is (C).

Linked Comprehension Type Questions

1.

When the ends of the wire are in contact with the mer-
cury and current flows in the wire, the magnetic field
exerts an upward force and the wire has an upward
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acceleration. After the ends leave the mercury the
electrical connection is broken and the wire is in free
fall.

After the wire leaves the mercury its acceleration is g,
downward. The wire travels upward a total distance
of 0.35 m from its initial position. Its ends lose contact
with the mercury after the wire has travelled 0.025 m,
so the wire travels upward 0.325m after it leaves
the mercury. Consider the motion of the wire after it
leaves the mercury. Take +y to be upward and take
the origin at the position of the wire as it leaves the
mercury

=-98ms”, y-y,=+0.325m, v, =0

(at maximum height), Vpy =7
2_ .2
vy =UOy +2ay(y_yﬂ)

= 24, (y=v5) =\-2(-98 ms?)(0:325 m)

vy, =252ms™ =25 ms™

Hence, the correct answer is (B).

Now consider the motion of the wire while it is in con-
tact with the mercury. Take +y to be upward and the
origin at the initial position of the wire. Calculate the
acceleration

y-yy=+0.025m, vy, =0 (starts from rest),

v, =+2.52 ms™ (from part (a)), @, =?

v; =05, +2a,(y-¥y)

2 -1
v
L (252ms) 127 me

Y o(y-yy)  2(0.025m)

The free body diagram for the wire is given in figure

Z Fy =ma,

= FK-mg=ma,

= I/B=m(g+a,)

Hints and Explanations H.67

m(g+ay)
(B
/ is the length of the horizontal section of the wire,
(=015m

= I=

(54107 kg)(9.8 ms? +127 ms?)

=758 A
(0.15m)(0.0065 T)

= [z76A
Hence, the correct answer is (A).
Use Ohm's Law

V=IR so R=K=ﬂ=0.1989
I 758 A

The current is large and the magnetic force provides a
large upward acceleration. During this upward accel-
eration the wire moves a much shorter distance as it
gains speed than the distance is moves while in free-
fall with a much smaller acceleration, as it loses the
speed it gained. The large current means the resistance
of the wire must be small.

Hence, the correct answer is (C).

Since F=4(3xB)

= F=10°xq(81 - 6]+ 4k)x (-04)k
= F= 106><q(+32]+241)

= [Fl=gx10°(32)* +(24)
= 16=gx4x10°

= g=04x10°=04uC
Hence, the correct answer is (C).

y

A

® B=0.4tesla

z

Resultant velocity is 10x10° in x-y plane. The circu-
lar motion of the particle is in x-y plane and transla-
tional component along z-axis.

Hence, the correct answer is (C).

F
[+ 4
L
=
o.
<
L
Vv
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y
(2:1)
10
X

After time 3T, its x and y coordinate will remain
same, whereas z coordinate is
z=4x3T=12T
Since T = 2"
qB
T- 2><zr(4><10‘15)
04x107° x 0.4
So, z-coordinate of particle is

=0.157x10° s

z=0t=(4x10°)(3T)

= z=(4x10°)(3x0.157x107°)
= z=1884m

Hence, the correct answer is (C).

7 = ji x By where [i is the magnetic moment of the loop

~ (B~ B.
= f:Ioerzkx(—OH—”j
V20 2

. InR’By (s -

= T=M(]—l)

2

= |#|=I,7R*B,

Hence, the correct answer is (A).
1 2

0=—al(At
5 (At)

6= "B (op
M

Hence, the correct answer is (D).

The current path abedefgha can be treated as superpo-
sition of three loops f¢haf , fabef and ebcde each car-
rying a current [ .

h c

e

B, pB, @

g

Hence, the correct answer is (A).

—
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10.

11.

12.

13.

14.

The magnetic field at centre P of cube cancels due to
two square loops (1) and (2) each carrying current [

as shown earlier. So, the magnetic field at centre P of
cube is only due to loop 3. Hence the magnetic field at
centre of cube is in the negative y-direction.

Hence, the correct answer is (B).

The dipole moment of the loop is also along negative
y direction.

Since B, =B,j,s0 1= MxB=0
Hence, the correct answer is (D).
If Js be the current per unit length, then the upper

sheet creates field B=‘UOTI-‘)‘2 above it and #OT]‘(—k)

below it.
Consider a patch of the sheet of width w parallel to
the z-axis and length d parallel to the x-axis as shown

in Figure.
y
[P
z d

. . |
The charge on it, owd passes a point in time — so
v

q owod

the current it constitutes is ;= and the linear

current density is |, = % =00 . So, the magnitude
of the magnetic field created by the upper sheet is
%ugcw .Similarly, the lower sheet in its motion toward
the right constitutes current toward the left. It creates
magnetic field % ,uocv(—l?) above it and % 11,00k
below it.

Between the plates, their fields add to uocv(—lz) ie.
Uoov away from you horizontally.

Hence, the correct answer is (A).

Above both sheets and below both the sheets, their
equal magnitude fields add to zero.
Hence, the correct answer is (D).

The upper plate exerts no force on itself. The field of

1 .
the lower plate, 2 uoav(—k) will exert a magnetic force

on the current in the wxd section, given by

I3

1(TxB)= (cwvd)fx(;pocm)(ﬁ)

= F=1(ixB) (%poozvzwd]}'
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The magnetic force per area is

F_ 1[ oo v wd
A 2 wd

Hence, the correct answer is (D).

)} = E,u,jo""vz , upwards

15. The electrical force on the considered section of the
upper plate is

Iz=qémwer=(of:w)(i](—ﬁ)

250
- | twe* ) -
= H=(;U; J(;)

The electrical force per area is

F twg 2
L_100 =U—,d0wnwards
A 2gfw  2g

Hence, the correct answer is (B).

16. The magnetic force balances the electric force, when

we have
2
_“00'2{;2 = —
2 2g,
1
= U= =c

vHo€p

This is the speed of light which cannot be a speed that
can be attained by a metal plate.

Hence, the correct answer is (C).
17. The correct answer is (C).

18. The correct answer is (A).
Combined Solution to 17 and 18

Since we know that F = q(ﬁ xB)

For the first case, we get

337 10, - AoA
~(5y2x107)k=(10 5)[5]( +])x (sz+By;+sz
. 10; ok
= 7(5\/§x10’3)k=$1 10
B, B, B,
= —(502x10°)i =2 Bi-Bj+(B, -B JE]
_\/E~ z 2] ( y x)
= B,=0and B,-B,=-10"T (1)

For the second case, we have

A

Bj=(107)(10°)k x(B,i + B,

19.

20.

21.

22,

23.

24,

Hints and Explanations H.69

P
= Kj=10/0 0
B.‘f

O = A

B

X

= Fj=10B,j-10B,i .(2)
From (2), we get
B, =0

= B, =10"T and F,=10B, =102 N

Hence B=(107T)i and £,=102 N

_pl _(47x107 TmA *)(25 A)

B
2y 27(0.0125 m)

= B=4x10" T=400 uT

Hence, the correct answer is (D).

F
<4
L
=
o
<
I
Vv

At point C, conductor AB produces a field
By, 1 A
B="2=—(4x10"*T)(-]),
b Lascao 1)()
conductor ~ DE field  of
B= % - %(4><10*1 T)(-j), BD produces no field,

produces  a

and AE produces negligible field. The total field at C
. B, B

is B. =?“+EO=BO=4UO;1T

Hence, the correct answer is (A).

E=1(7xB)=(25 A)(0.025 mﬁ)x[5(4x10** T)(—?)]

E=(125%x10° N)i

Hence, the correct answer is (B).

ZF (1.25%10° N)i

" 5x107 kg

a

= a= (0.25 ms™ )t = (25 cms™ )zA

Hence, the correct answer is (C).

vF =07 +20x =0 +2(025 ms?)(1.2 m), so

v, =06 ms =60 cms ™ i
Hence, the correct answer is (D).
The free body diagram of the arrangement is shown in
Figure.
T 0 L

q@—»—e———@47
qvB
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25.

26.

27.

For particle to move in a circle of radius L, we have

2
Zf"+z:,fr)B=ﬂ
L

For T=0, we get
q(ﬂ]gzm_vz

n L
= B=«

Hence, the correct answer is (B).

2
Since, T+%:% q,m@—qL'a—’T
2

L, pomlaod) _[Q(qﬂi)}g: Fo’l

m’R m 12 2m

Hence, the correct answer is (C).

2

_mU
T+qu-T T qvB
q, mO—r—r—————a
2 HT”

= qu:ﬂ—T
L

- (e
qm L m? 4\ m

-~ B=Z
4

When the string breaks due to this magnetic field, then
the radius of the path followed by the particle is

mo mo 4m
R=—B=—a=(q—a)”
q a
q(4]

= R:[L’”)(ﬂ):u
ga )\ m

So, maximum separation between the particles is

fow = (2R+2R) 2L

= Iy =4R-2L=16L-2L

= Ty = 141

Hence, the correct answer is (C).
T=MxB=(3-4])x(4i +3])=(25k) Nm

Moment of inertia about an axis, parallel to 7 and
passing through centre of mass is

2% 107
S

I

=107 kgm’

28.

29.

3L

32.

33.

T_ 2 2500 rads™
I 10

Hence, the correct answer is (C).

At time t=0, M-B ie, M LB. Angular velocity
will have a maximum value when M|| B, as a result
of which magnetic potential energy will decrease and
rotational kinetic energy will increase. Hence,

1 5
—lo*=U-U
2 i
1
- EIa)Z=—MBcos90°—(—MBcosO°)
= m:JZAfB =\/(2)1(§_)2(5) =502 rads™

Hence, the correct answer is (B).

For neutrons charge, 4=0
Hence, the correct answer is (D).

Due to extremely small mass of an electron, the fre-
quency of revolution of electrons is very high and
oscillators of such high frequencies are not easily
obtainable.

Hence, the correct answer is (A).

_ Mol pplm piol

AP 4R T dmax6  24a’

_Mlo _ polm gl
47R  4mbx6 24b’

~ 3 :u_of(l_l]zm
"t oa\a b 24ab

Hence, the correct answer is (B).

BC

’

Since magnetic field lines and current carrying wires
are parallel hence no force is exerted on wire DA and
BC ,because | and B are collinear for BC and DA.

Similarly, F;z and F, are equal in magnitude but
opposite in direction, so
E .. =zero

Hence, the correct answer is (B).
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35.

36.

37.
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- lofy
B 21X

\-—-.

I @”/a\/?b

Force on small element dx is

dF = Byldx = Foll &
2t x

b

- F =JdF _ Holly jd—x _ Mol loge(g)

2 J x 2 a

Hence, the correct answer is (B).

Since the electric field is in y-direction, therefore, elec-
trostatic force will provide an acceleration to the par-
ticle in y-direction. y component of its velocity will go

on increasing. Since, magnetic field is also in y-direc-
tion, so magnetic force E, willactin x-z plane i.e. the
particle will rotate in circle with its plane in x-z plane.
Hence, path of particle will be helix with increasing
pitch.

Hence, the correct answer is (C).

_b_dB
mom

a

y - Eﬂa

1 1
= y= antz = EEOafz

Particle will touch the y-axis for nth time, when the
time () equals integral multiple of T i.e.

f:nTzn(ZEm]—zﬂ

9B, _Boa
1 nr )
= Y,=-0kE)| —
2 By
2?1'2?12EO
= Y=
Byo

Hence, the correct answer is (B).

Consider an element of length dx (of the suspended
wire) at a distance x from the horizontal wire as
shown in Figure.

38.

39.

Hints and Explanations H.71

(2L-)

o 4

[—

m

f——— > ——»|

I
If dt is the torque on this element due to the magnetic -
force F,,, then o
x=2L 2L ! ||-|_J
2mx
x=L L <
2 2L u
= r(]:‘u”—(ZLlog(,x—x) U
2n L
> 7 =‘u0—I2(2L10g (2%L)=M (1)
Y ‘ 2

= 17,=(04)(2x107)(2)=32x107 Nm

Since the moment of inertia of the wire is I, given by

_ml_ (01 _ 1

I.=—— =
073 3 30

kgm’

= o= Do 96x107° rads™
0

Hence, the correct answer is (D).

Net torque about O should be zero. Magnetic field on
the suspended wire due to already placed wire is per-
pendicular to paper outwards. Hence, magnetic field
on suspended wire due to new wire should be perpen-
dicular to paper inwards.

Hence, the correct answer is (B).

Torque about O due to the new wire will be,

272
e=( o Dwnof -2 55
2wy 2 2n 2r
Since 7 =1,
= £=0.386
2r
L1
T 2x04  2x04

=125m

Hence, the correct answer is (C).
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40. When the currents in two parallel wires are in opposite
direction, then they repel each other.
Hence, the correct answer is (B).

.. (“—)z n

21h
Hohly _ m
27h _( l )g

ol -1
2mh

_ Hotyiy
2nAg

Hence, the correct answer is (A).

42. At equilibrium, we have

Hohiy -1
2nth
After displacing it dh upwards net force per unit
length now becomes
/ Hohiy
F=Ag-————
8 2 (h+dn)
= F=1g- Ai‘h —M
()
h

Hence, the correct answer is (D).
43. The correct answer is (B).
44, The correct answer is (C).

Combined Solution to 43 and 44

g,m v ®B
RI2 EZ g
v lo k)
/’, !
R2 RO
o
C ®28

From Figure, we have
R2_1
2

cosf=

= 0=60°= 3 ? radian
So, time to hit x-axis is
B
flzg,where m:q—, g==
® m 3
n3 _ mwm
qB/m 3qB

= 1=

Let t, be time when its velocity becomes parallel to
x-axis first time after entering the magnetic field, then

t2=t1+£,,where m'=@
[0 "
o w3
238 " 9(28)
m

mm  mm
b=t ——

3gB  64B
f <

2qB

45. 7=MxB,where M is the dipole moment
= F=nllm? )]sz
= 7=—(ml®B)k
Hence, the correct answer is (A).

46. According to Newton’s Second Law for rotational
motion, we have

Ir=] o

= uBcosb-fr=1,a

on

where [, is the moment of inertia of the ball about
the centre of mass. (Do not confuse I, with the cur-
rent [ )and

f = macm

5(]?1’118]
o =—| — |cosf
7\ m

Hence, the correct answer is (A).

47, d_w > ( il ]cosﬂ

=mro (2)

d9 7\ m
o’ S(ImIB),
= —=—|— |sinf
2 7\ m
m(MIBJSinB
70 m

Hence, the correct answer is (A).

48. Since, f=mrao
( 5 nlB ]
= umg=mr a—

m
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50.

51.

52.

53.
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(),
g\ m
Hence, the correct answer is (B).

Since there is no friction, there is no force acting on the
sphere, which is responsible for the translation motion
of the ball.

Hence, the correct answer is (A).

The component of velocity of charged particle along
the magnetic field does not change. The component of
velocity of charged particle normal to magnetic field
only changes in direction but always remains normal
to magnetic field. So, the angle between velocity and
magnetic field remains the same.

Hence, the correct answer is (A).

3

o B 10 2%
2nm 13 2«
f—w—SISHz

Hence, the correct answer is (B).
where 9 is the component of velocity along the field
ie.

3B 36 16 4
=— ms

1
= P ( )(1000] 13x1000

P”%

Hence, the correct answer is (C).

At point P(0, y, 0), net magnetic field is

|
I
I
B, | B=8,-5=L4
o
B NP
RY{IAN
r,-” S
0y
145 B N2
1©-- T e T L0J
(-L,0) (L, 0)
B, =2Bsin@ , where
ﬂoI bl
B="" and sinfl= ——
2nr 2:1'\,‘L2+y JL +y

o uly [
net 2?1(L2+y2) T L2+y2

Hence, the correct answer is (B).

=

54.

55.

56.

57.
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For B to be maximum, we have

daB

-0

dy

2,2 2
2uyl (L ty )_2y -0
2 ?+y?
= y=t%L
Hence, the correct answer is (D).
_ _ Ml

Bmaximum - |y:ﬂ. - 217

Hence, the correct answer is (B).

l Screen O

X

k—d —»40.6 M
H-X1=1 .8 M

—Xp = 2.4 m—ypi
M——— X3 =3 M ——p

In REGION (I), we have only the electric field. So,
velocity with which the particle enters REGION (II) is
given by

[ q=1C, m=1kg}

B f2x1><10x1.8
1

= 0v=6ms”
In magnetic field speed does not change. Hence, par-
ticle will collide with 6 ms

Hence, the correct answer is (C).

In magnetic field path of the particle is circle. Radius of
circular particle is

_mo_ (1)(6) =12m

By (5)(1)

d=(24-18) m=06m
Since, d<r

= 9=sin‘1(é)=sm (06) 30°
r 1.2

Now, AE= r(l—c039)=1.2[]—?J

F
<4
L
=
o
<
I
Vv
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58.

59.

0.6

= AE=06(2-+3) and FC=BFtanf=—
(2-43) N

So, y-coordinate is
y:AE+PC=o.6(2—ﬁ+iJ

V3
_12(3-1)
3

Hence, the correct answer is (B).

=

Total time is given by t =ty, +1t 45 +15c

Where t,, = %= %= %
A
o = 2x1x1.8
47N (1D(10)

= EOA=%s
30° 1\ 2mm
fAB'(sem)T'(E)(B_J
P 2SR 2
A7 (12)(5)(1) 30

2
BC 0.6secO _ (0'6)(_3)

tom = =
BT v 6

1
fpe=—7=s
BC=5 /3

= f—1[3+f+i]s
500 6 43

Hence, the correct answer is (A).

Let us consider a length (dx) of the wire at a distance
x from the long straight conductor. Magnetic field at
this point is

= Hol
2mx
Force acting on the length (dx) of the wire is

dp:[M]dx
2mx

This force dF will be in the upward direction parallel
to the current .

So, the disc will start rotating in anticlockwise direc-
tion about its centre in its plane.

Torque due to this force dF is
dr=(dF)r,

60.

61.

63.

64.

» de=( 48 Jastx-n {r n=x-r)

X

Total initial torque is

r+R r+R

T:MOﬁO j (xfr)dxzﬂoffo J(l—i)dx
2r X 2n b

Since 7=Io
= oc=§=7‘ul°”0 [erogE(HRH
Zn(imRzl !

= a= ““u“z [R—rloge(HEH
mmR ¥

Hence, the correct answer is (B).

Since the C.M. of the (disc + wire) is at rest, so net
force on (wire +disc) =0
= N-F=0
= N=F= J.dP
MR
o N2 Mty j dx
2r X
i R+r
= N= mlogt,x
2m ;
= N=Hh loge(R“’): Fok loge(l+5)
2r r 21 r

Hence, the correct answer is (D).
#=jixB=075(-k)x0.2i
i=-015]

Hence, the correct answer is (B).
W = MBcos0°—MBcosn
W=2uB
W=03]

Hence, the correct answer is (C).

When magnetic field is minimum, then the rod tends
to slide down the incline and hence f;;,, acts up the
incline as shown in Figure.
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se P

A Bu

Vil
~« |AB0°
O\Jgog X

A\
v, "~

_ o_ Y%
For equilibrium, mgsin® = BILcos6+ fi, % =Tpc0os60° =" and

= mgsin®=BILcosf+ uN ) 30, p—

v) =7,sin60° = —
= mgsinf=BILcosO+ y(mgcosd+BILsin6) E
Since pitch of the helix is =
= min=%(51n3_‘uc?sg] =7 XT—v_ﬂ M_m &
cos@+ isin P=1 2 48, <L
Hence, the correct answer is (B). I
_ wmu, ¥

65. When magnetic field is maximum, then the rod tends = P= 4B,

to slide up the inclined plane and hence f;; = acts down

the incline as shown in Figure, Hence, the correct answer is (B).

\/EUG

T
68. ©v,=v, =—— after t:Z

- 2
\/gvg

3T
and vz:_vL:_T after t=T

Hence, the correct answer is (B).

_2mv, x/gmvﬂ
9By 4By

Hence, the correct answer is (C).

69. Z  =2r

max

For equilibrium of the rod, we have

mgsin@+ f,,, = BILcosf
J fim 70. When z-coordinate has its maximum value, o, will

= mgsin@+ uN = BlLcost remain as it is whereas v, will change its direction by
= mgsinf+ u(BILsin®+mgcos@)=BILcos6 180°.
mg(sin9+uc059] = vl,:%“coséo"—@cos?ao%—% and
- . . . — Up . o ‘/5'00 H o _ Jg
This is the maximum value of the required magnetic oy = 3311160 + TsmSD =5 %
field.
Hence, the correct answer is (C). ]V V= %0
66. Since the particle enters the field and has a velocity v,
. : v =20
component parallel and perpendicular to the field, so 2
it will follow a helical path. 300~A 60° .
Hence, the correct answer is (B). 0| >~ X

67. Let us show the situation discussed diagrammatically.
We observe that B makes an angle of 60° with x-axis. Hence, the correct answer is (C).

Letusnow resolve 7 along B and perpendicularto B 71 A4 origin, F,=qu,B,, along +y direction and
and label them as v and v, respectively. Then L A a
E, :qE=qE0(—;+k).
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72,

73.

For particle to move undeviated, (E, )y =(F, )y
= quyB, =gk,

= ED = BDE”O

<

Hence, the correct answer is (B).

For particle to reverse its direction of motion, it should
move in the magnetic field (from z=a to z=b)ina
circle of radius r=b—-a.

Let v be the speed of the particle as it enters the mag-
netic field at z = a . Then by Work-Energy Theorem we
have

= v=20,

Since we have

gB |3 o2 )\ 4B,

= bﬂfi:é Eon.
3\ By
= b=a[]+ Ak, ]
0%

Hence, the correct answer is (B).

After all the fields are switched off, the velocity
remains constant, so

f=—=—

v 2,

Hence, the correct answer is (B).

Matrix Match/Column Match Type Questions

1.

At (a,a), B due to both conductors is along +z
direction. At (-a, —a), B due to both conductors is
along -z direction

At (a, -a) and (
Zero.

—a, a) B due to both conductors is

A = (p,q)
—=(q

Cemq)

D—(qs)

A charge always has an electric field associated with it,

whether moving or stationary.

So, (A) = (p, q)

However magnetic field is associated with current.

Which can be due to a moving charge only.

So, (B) - (q)

A charged particle, whether moving or stationary will

experience an electric force which will accelerate it or

decelerate it depending upon the nature of charge and

the direction of electric field. So, the velocity of a charge

and hence the kinetic energy of a charge changes when

it is in the influence of electrostatic force.

So, (C) = (p, q,1)

Since F=4(3xB), so the magnetic force acts on a
moving charged particle (for 0°<8<180° ). This force
is perpendicular to the velocity of the particle (at any
instant) as well as to B. Also work done by a mag-
netic force is zero (as studied) so the kinetic energy of a
charged particle does not change when it is under the
influence of a magnetic force.

Hence, (D) — (q, s)

A-(q)
B—(p,t)

D—(r)
According to Amperes Circuital Law, we have

@B'a?:flﬂlenc

R
= I= Jbr(brrdr) = %erR3
0

where I, =
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So, for r <R we have I, 4. = %:rbr3
Hence, (D) — (r)

Now, for r <R, we have

.uOIenc = @E di
2 3
ﬂo(gﬂ'br ):B(Z‘rrr)

2
= Biige = &
3
Hence, (A) - (q)
Also, at the surface we shall observe the B to be maxi-

mum and continuous.
So, (B) = (p, t)

Now, for r>R i.e., outside we have

0(2?:2113 ]:B(Zm)

H05R3
outside = 3

= B

Hence, (C) — (s)

For (A): F= q(ﬁ xB)

Since, ¢ is negative, 7 is along +i and B along +] .
Therefore, F is along negative z.

For (B): F=¢q(5xB) Since 4 is negative, v along +i
and B along +k,s0 F is along +y axis.

For (C): B is parallel to @ . So, magnetic force is zero.

Charge is negative so electric force is opposite to E .
For (D): Charge is negative. So, electrostatic force is in

opposite direction of E.

Done already, see theory
A—(s)

(@
(p)
(r)
Done already, see theory
A—(r)

B—
C—
D—

Hints and Explanations H.77

A=(9
B—(r)
C-(q)
D—(r)
The force (F) per unit length is

Fopl?

1 2nr
Current in same direction means attraction and cur-
rent in opposite direction means repulsion.
Force on wire 1 due to other wires 2, 3 and 4 is shown
in Figure.

—Fo=y

s

F
<4
L
=
o
<
I
Vv

So, force on 1 is leftwards
Force on wire 2 due to other three wires 1, 3 and 4 is
shown in Figure.

a

N ™

For

So, net force on 2, i.e. F, is rightwards.
Force on wire 3 due to others is also leftwards

Force on wire 4 due to others is rightwards

F
_’szg
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10.

11.

12.

13.

14.

Done already, see theory

D-(p,s)

Force on a current carrying loop is zero for all angles.
7 is maximum when angle between M and B is 90°.
Potential energy is minimum when 6=0°. Positive
Potential energy is positive for obtuse angle. The direc-
tion of M is obtained by right hand thumb rule.

Dore already, see theory
A—(q1)

B= (p)

C—(q0)

D=(q)

Done already, see theory
A—(s)

For direction of magnetic force applying Fleming’s left
hand rule, according to which w and x are positively
charged particles and y and z negatively charged
particle.

Also, we know that

J2mK
Bq

Since K i.e. the kinetic energy is same for all particles,
S0

Jm

rec —

q

Done already, see theory
A=(q)
B—(p)

Co(pqt)
D—=(r5s)
For (p)
+ - ’1"0
- +
Pt B

By symmetry E=0, V=0, B=0
and p=NIA but I e =0

So u=0
For (q)
P
S S IS o
M
Q
Ex0, V=0

Since, lre:l‘fecti\;e =0
= B=0and u=0
For (r)

E=0 (by symmetry)
V #0 (since distances are different)
B#0 (since radius is different)
w#0

For (s)

M

L b 2
E=0 (by symmetry)

V#0 (since distances are different)
B#0

w0
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ae
For (t) For (s)
=3
LA
N ’M N
a X
E#0, V=0, u=0, B=0 and given each rotating P
charge to be equivalent to a steady current so B=0 (A) Force on Y due to X =Buoyancy force which is
so (t—C) and if it was not given that each rotating less than mg
charge to be equivalent to steady current then B#0 (B) As the sphere moves down, that volume of water il o
15. A (p,t) comes up, so gravitational P.E. of X increases. o
B (qrs 9 (C) As there is no non-conservative force, so total [JRTT]
Co (Ii; r’ ) mechanical energy of X +Y remains conserved. E
D - (q) (D) 7#0 <
For (p) For (1 T
N = Mgcosf @)
B f,
Mg X
Net force on Y due to (A) As the sphere is moving with constant velocity
x:‘/(Azfgcos(;?)z+(f\/1gs,ine)2 = Mg B+f,=Mg
(B) As the inclined is fixed. So, gravitational P.E. of soforceon Y dueto X is B+ f, = Mg
X is constant. (B) As the sphere moves down, that volume of water
(C) AsKE.is constantand PE. of Y is decreasing. So comes up, so gravitational P.E. of X will increase
mechanical energy of (X+Y) is decreasing. (C) Increase in mechanical energy =wy, =—ve
For (q) (D) 7,=0
(A) Force on Y due to X will be greater than Mg
which is equal to (Mg + repulsion force) Integer/Numerical Answer Type Questions
g YP
(B) Asthesystemismovingup,PE.of X isincreasing 1. The Z component of the force F is a constant electri-
(C) Mechanical energy of (X +Y) is increasing cal force. It produces a constant acceleration a along
(D) Torque of the weight of Y about point P =0 Z-axis given as
For (r) Z:latzzl(ﬁ}z
2 2\ m
T=Mg
Mo
()
T=M
Mg|g g
X

(A) Forceon Y dueto X=\/[(M+rrxo)g]l+(]\/lg)2

(B) As the system moves down, gravitational PE. of y
X decreases

(C) As the system moves down, total mechanical
energy of (X +Y) also decreases

(D) 7,0

I'e

The other component of the force F is a magnetic force
provides the necessary centripetal force to keep the
proton in a circular path of radius, r say. The period
of revolution of the proton



ICON

H.80 JEE Advanced Physics: Magnetic Effects of Current and Electromagnetic Induction

2
T= =il where
&
2
_myy
Fp. = - ev,B
eBr
Uy =—
i
T- 2rm
eB

Since the particle (proton) moves in circular path hav-
ing a period of revolution T in x, y plane and moves

o . ¢E
along Z-axis with a constant acceleration a2 =—, the
path of the proton is an helix. m
After three revolutions, putting t = 3T we obtain

2
Zzl(@)(g}“)z :gﬂ
2\m 2 m

2
Putting T = % we get
e

187°Em
= =

5 37 m

¢B

Let at time t, particle bet at point P(x, y) and its
velocity be

U= (vxf+ Uy})
Since, [v]=|7,|

2
y

= Vp=UL+U

Since work done by magnetic field is always zero, so

there is no change in magnitude of velocity, hence
191=[3|

2

y

Then, magnetic force on the particle at point P(x, y)

is

2_.2
= Vy=0,+0

. 2 2 y r
P-q(vxi +Uy]]XB0[1+E](_k)

~

7 ¥ ¥
= P:qvaU(l+E)]—quBD(l+EJz

mdo, d
= =—quBO(1+%],where Ud:d_g
= mdv)(:—qBO(lJr%de (1)

When the particle leaves the field at y =d , then let the
velocity in x-direction be v, . Integrating equation (1),
we get

= v,-7 :—ﬁ(d+d—2):—3qB0d
0T 2d 2m

= k=15
We know that the torque acting on a magnetic dipole is
T=MxB

where M = (IA)fi , where 7 is the normal on the plane
of the loop and the direction of which is given by Right
Hand Thumb Rule.

On passing a current through the coil, this torque act-
ing on the magnetic dipole, is counterbalanced by the
moment of additional weight, about O . Hence, the

direction of current in the loop must be in the direc-
tion, shown in the figure.

=l

M
ﬁ”—@D)))))D)5'=
T\

MxB+7x(Am)§=0

= NBIA=(Am)g/

Yi constant

»
QG/O@

For conductor to move down the incline with constant
velocity, we have
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mgsin@ = Bllcos@

= B= ﬁtem.‘?
IL

ﬂ](10)
B_(]ODO 3

= B=03T=300x10"°T
= B=300mT

Let the wire connected to the 25 Q resistor be desig-
nated as WIRE 2 and the wire connected to the 10 Q
resistor be designated as WIRE 1. Both I; and I, are
directed toward the right in the figure, so at the loca-
tion of the proton B, is ® and B, is @, where

I I
B, =201 and B, =202 with r=0025m
2y 2nr

I;=(100 V)(10Q)=10 A and
I,=(100V)(25Q)=4 A

I I
B =H0 _gx10° T, B, =02 _30%10 T
2mr 2mr

= B=B;-B,=48x10" T and in the direction ®

v

B@L‘F

Force is to the right
Since F=qoB=(16x10"")(650x10°)(48x107°)
= F=499x10"®¥ N=5x10" N

= x=5
Since R= 1
B
Also, v"‘:M
m
m 2AV
= —=—
q v
m 2(12x1000)
= —ET
q 10
m 24x10°
= —=—
q 10
mo  24x10° x10°
- =—:127
gB 10%x02

= R=12x102m
= R=12cm

Hints and Explanations H.81

:UOIRZ
32
2(R2+22)"
Here x = R = Radius of Earth
N

Since B, =

w 4 E

Current
Loop

'S
B =7x10° T
Substituting values, we get
[=2x10" A
= [=2000 MA

F
<4
L
=
o
<
I
Vv

Maximum tension that the ring can bear is

T =BIR
= 15= B(lO)(EJ
100
= B=1T

We observe here that, reducing the normal force will
reduce the friction force F=BIL

= B=£
IL

When the wire is just able to move,
ZFy=N+Pcosﬁ—mg=D

= N=mg~-Fcosf and since
f=uN

= f=u(mg-Fcosh)

Also, zEY:FsinB—f:O S

= Fsinf=f

= Fsin6=y(mg -Fcosf)

umg

= - -
sinf + ucos@

We minimize B by minimizing F
dr
—=0
do

cosf — usin@
= (ung) AR

(sin6+ pcosh)
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inf = cos@
= Hsiny=cos = B=%I(J§+2+l+1+1)
(1 L1 (4 4n V22
= f=tan" | — |=tan 07 = tan 3 =53° I
K ‘ = B=EY(2/2+2+1)
for the smallest field, and in
. (E] - B=Z—‘J(\/§+1)2
- Bziz(ﬁ_g) : 9+L 0 .
sin cos
H - B= %( J2+1)
5 _[(0.75)(10)] 01 "
min S| T4 [sin(53°)+(075)cos(55°) = x=2
= B, =0128T 11. The net magnetic field at the center of the square is the
Pointing north at an angle of 78.7° below the vector sum of the flechls due to each wire,
horizontal For each wire, B= ;—0 and the direction of B is given
mr
= B (0-15)(12)(0-;) by the Right Hand Rule.
(2)( s +[Z )( g)] For situations (a) and (b), B=0 since the magnetic
fields due to currents at opposite corners of the square
- B = 075 cancel.
min @) ( 5 ) For (c) the fields due to each wire are shown in figure.
4 -
a®@ B ®b
3

= B, =—=03T=300mT
10

10. Magnetic field at P due to section OA is B
¥2m P2 0)

———————— X
4
,"r‘ =1m
c® ®d
;\\ = B=B,c0s45° + B, cos45° + B, cos45° + B; cos 45°
I
B, = 2D (in45° + sin90°) = B=4B,cos45°= 4[”“)@0545"
47(1) 2xr
Blzﬂ_fll(\/i+2) where r=(10 cm)? + (10 cm)?
dr

r=10v2 em = (0.1)¥2 m

Magnetic field at P due to section OB is
(47107 TmA™)(100 A)

ol B=4 45°
B, = 45° +5in90 = 08
2= g SIS +5in90°) 22(0142 m)
_ 4
R Bz=‘uol(i+l) B=4x10" T, to the left
ar\\2 = B=400 uT
Magnetic field at P due to section OC is 12. Since E. =-EF . E. =0
. y=-E, E =
fol . .
By = —=(sin0°+sin90°) E
’ 4m2 = a‘y:—%,axzo
ol
B, = Also, v.=u +at and v, =u, +a t
T an2 x =y Ty y =y Thy
Net magnetic field B is given by -~ .= and v =£_[ 9E )f
T2 2 M

B=Bl+B2+B3
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At x=05m, we have

05=0.t
L, .05 052
o2 v
o o _1_02(0.5\/5)_1_1
Y2 v J 2 2
= vy=0

i.e., deviation suffered by particle is 6, = 45°(CW)
So, at x=0.5m, the charged particle enters the mag-

netic field with a velocity % , perpendicular to the
field so, it will follow a circular path of radius

M(o/\2) Mo
9B B J24B

r=

as shown in Figure.

" OP: Parabolic
PS: Circular
lE ®B

i<

|
|
P |
|
|
|
|

ms
o¢ " - /\ > X
q, o
ll v

|

|

|

Ir !

0, ./ !
|

1

Sl

4

oV
So, deviation suffered by particle is
Sln 82 =—= 1
r 2
= 6,=30°(CW)

So, total deviation is 6 =6, + 6, =75°(CW)

= 0=75x . radian
180

= 0= 5—7I radian
12

= x=5,y=12
BIl = mg

[_mg _(075 kg)(10 ms?)
/(B (05m)(05T)

Since e=IR=(30 A)(25Q)=750 V

R=2Q

From Ohm’s Law, we have

e (750V)

=—= =375 A
R (2Q)

= =30 A

14.

15.

Hints and Explanations H.83

F=BI/=9375N

(F-mg) _9375-75
m 0.75

=115 ms™

= =

The contact at a will break if the bar rotates about b.
The magnetic field is directed out of the page, so the
magnetic torque is counter clockwise, whereas the
gravity torque is clockwise in the figure in the prob-
lem. The maximum current corresponds to zero net
torque, in which case the torque due to gravity is just
equal to the torque due to the magnetic field.

F
<4
L
=
o
<
I
Vv

The magnetic force F is perpendicular to the bar and

has moment arm E, where /=1m is the length of
4

the bar. The gravity torque is mg[Ecos(tSO")] and the

torque to the magnetic field is
. /
T = (BH:‘sm‘)O)E

Since, Tgraviry =Tg
/ . 4 Lo
= mg( E)cos(60°) = BIfsm(‘)O")E . This gives

. mgcos(60°)
/Bsin90°
(0.5)(10)(0.5)
(1)(0.5)
= I[=5A

Magnetic field at centre of spiral loop is

N =100 time

B=

z(b_af“(fﬂ

po IOV
2x10x10
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16.

= B:”—;(103)1n(2)
= B=500p;In2
Magnetic dipole moment of the loop is
M=IA=005%x2x10"=1x10"° Am™
Since U=-M B
= (U)=MBcost
Ho (113 -5 Ho
U=22(10" )(In2)(107 ) = ZIn(2
- 2( )(In2)(10) (@)

= x=200
At a point at distance x from the left end of the bar,

cfald B Holy
current I, creates magnetic field B=——= to
2nh? +

the left and above the horizontal at angle 6 where

tan@= % . This field exerts force on an element of the

rod of length dx

Upldx

2V + %

dP=Il(dEXE)=Il Sln9

= df=-t ohlydx , into the page
22 + 32 12+ 22
= d_ - ﬂDI‘lszdx (7}2)

21{(112 +x2)

The net force is the sum of the forces on all of the ele-

ments of the bar. So,
£

uollszdx ( ")

F- j—
02;:(}12+x2)

x=l

M[loge(hz‘ffz)*logehz]

17.

18.

19.

(05)2+(10)? }
(0.5)

= F=10_7(100)(200)(—12)10&[
= F=2x10" N(-k)log, (401)=12x107 N(-k)
= [Fl=12mN
Magnetic induction at O is given by

= ‘uﬂf 1 ] A ( ]. ]’I "

B=L0 11— |(-f)+| = |j +k

Comparing with equation given in problem, we get
x=2

Force of magnetic interaction is
Fmag=f(5><§)
where B =40 E(U;(r)
iy
7 Ho € 1= (57
= F . ="L—[ix(5xF)
8 47rr3[ ]
TN 7P
= E,=22=[(5F)x5-(5-9)x7]
dmy
2
» _Mp e 2
= m &75(7 )
o
and F,, er
dre, |7
|_mag v 2 %
= = -—vu[,eO:(— =1x10
| electric c
= x=1

Magnetic field due to small ring at distance R from
the centre

poto M
Ax R®

where M = Ina*

gt n0’ _ polo”

ir R®  4R®

Hola?
= dF=Blydl =Bly(Rd6) = [,RAO" 1 -
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= dF, =dFsinf

i 1,1 a* sin 6d6

4R?
2 n
F, - %Jsinﬂdﬂ
2
()
2
= F-= ,uOHOZfz
2R
and F, =0
Ul a*
= F.=F= 02R02 =8 newton

20. Force on a small element of length dx of wire is given
by
dF = 1di x B

= df":[IBn(Hg)dx}(foe)

= dF:JBO(Hf]dx(—})
a
So, magnitude of total force F on wire will be
2a 2a
X
F-= de: j130[1+—]dx
a

2 2a
= F:IBU(x2+x—]
2a

= F=IB, (52—6) , along negative y-axis
= k=5

21. iit=1IS, where S is the area of the loop.

A N
X)/A B 4
= S=BAxAD

= ﬂ:Zd?—Za}'

— AD=2bk

Hints and Explanations H.85

= S=2(a’f—a})x2bl€
= M=—4bf(d}+a§)

= |M|=4bINd?+a* =2 Am?

22. For wires AB and CD, the force due to field of very
long wire P on the wires (ABandCD) is zero.
However force on wire DA will be attractive (towards
P) and that on wire BC will be repulsive (away from
P), as shown in Figure.

. /(:)\1’2, very long
Fsin0 1"
r // : \‘ r

s Y
Fo1ecm

0 8cm :ch 9} BC

Iy ¢ -od-m-o- 5> Feoso
pa Fcosé I, ¢

Fsing F
Let F, be force on wire DA due to P, then
LI
Fop=Fe =K :(m)f
2mr

The components of force i.e. Fsinf and Fsin@ can-
cel, so net force on the loop is

F.o =2F,cos6 = [Z(M)l]cose
2mr

4
where cosf = 8 ==
2 5

82 + b?

(4x107)(10)(5) &
F o= (100)X£

net 10 5
. =256x107 N

F=256

U

U u

23.

o

1+}§2+}§3+E4) =0

at the centre

JuLI]®+}§2+@®+m®=ﬁ (1)
21a 2ma 2ma

Assume inward direction to be positive, then on sub-

2
stituting 2= %m =0.2m in (1), we get

Bz _H—0U3 -1 _14)

2ma
- 1'32:2‘%(20—10—8}:%(21%) 2)

Since Bz is @, so we conclude that the field due to
wire 2 must be directed inwards ® . For the field due
to wire 2 to be directed inwards the current in the wire
2 must be in the downward direction. Hence, we get,
from (1),

F
<4
L
=
o
<
I
Vv
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24,

25.

26.

bl _ b (g

Bl _ )

2ra 2ma
= [=2A (downwards)

Magnetic induction at origin is due to one semi infinite

wire and two quarter circle of radii R and 2R .
Holp, Mol ¢ Kol

S8R 8(2R)  4znR

L e el
07 16R " 4nR

- g0=ﬂ_01(§;;+l;]
4R\ 4 =&

= a=3,b=1

= ab=3

0

The magnetic force acting on the rod is given by

F=1(ixB)=1¢(k)xB(-])=1eB(7)

LT

From Work Energy Theorem we have
(Ktrans + Kmt )initial +AE= (Ktrans + Krot )

final

0+0+Fscosf = %mvz+%m2,where I:%mR2

1 1( 1 o\
= IfBLcos{J“:—mvz+—(—mR2)[—]
2 2\2 R

= I/BL= %mvz

41/BL
= p= ,/—
3m

oo 448 A)(012m)(0.24 T)(045 m)
3(0.72kg)

= v=107ms™

= ©=107 cms™

Here torque on the magnetic dipole because of mag-

netic force must be balanced by torque by weight
So, 7,,, =mgsinfx R (about point of contact)

mg
| M x Bl = mgsingx R

= 1X2RXLxBXsinf=mgsinfxR
_mg _1x10x2x10 _ 100

i= = = =25A
2BL  4x2x1x1 4

27. Distance of the point P from each of the wires is

28.

!
r=/,cos(45°) = —

V2

Each wire produces a field at P of magnitude say B,
then

p_ Mol _ HoI\2
2nr  2mf
P
Bp Be
By Bg

The field directions due to wires A, B, C and D are
shown.

V2l

|BA|=‘EB‘=|BC|=‘BD‘= 2l

Bp = 4Bsin(45°) = =20 uT toward the bot-

4J§yol
2t
tom of the page.

The situation described in the problem is shown in
Figure.

1 1
x=0 x=0.167m x=0.334m

Since the electric field is along x-axis, so proton will be
accelerated by the electric field and will enter the mag-
netic fieldat A (e, x=0.167 , y=0) with velocity v
along x-axis such that

%mv2 =W=gAV =q(Ed)

I [2qEd
m
1

[2 x1.6x107" x100 % 0.167 |2
= U= 7
1.67 x10

= 0=42%10* ms™
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29,

30.

Now as proton is moving perpendicular to magnetic
field, so it will describe a circular path in the magnetic
field with radius r such that

_mo
qB

For proton to strike the point (0, 0.167) m , we have

2r=0.167

2[ m”) 0.167
qB
_2x167x1077 x 442 x 10*
1.6x107 x0.167

1 .5
= B=—x10

J2
= B=7.07mT
= B =7 millitesla

From Ampere’s Law, the magnetic field at point a
JuOIrr

i

is given by B, = , where I, is the net current

through the area of the circle of radius r, . In this case,
I,=1A out of the page (the current in the inner con-
ductor), so

) (47rx107)(1A)
" 2r(1%107° m)

= B, =200 uT , towards top of page

Similarly at point b:B; = Haly ,
27,

current through the area of the circle having radius 7, .

where I, is the net

Takingoutof the pageaspositive, [, =1A -3 A=-2 A
= [,=2A into the page
(47x107)(2A)
22(3x107 m)
= B, =133 uT, towards bottom of page

Bb=

Using Ampere’s law, we have
JB-dT = ol = uﬂJ]dA , where dA =2nrdr

For r> R, we have
R

Bjdl = ,un.[(br)(Zrcrdr)

0
B(27r) = M
HobR’®

3r

B=

31

32.

33.

Hints and Explanations H.87

= y=3and y=3

- 2o
Yy

At equilibrium, we have
F _ Hol g _mg
{ 2mr (

Holalp _ (m)
2rr 4 §

where 2 =0.15 gem™! (omﬂ)k -
e 1000 ) 8™ 2
(47x107)(100)(1) 100 E
(015 ](9‘8)
oo ) 1000 o
100 - ¢
= 10°1=0.147 5
= 1=0.147x10°
= =147 A
(a) |7|=|MxB|=NBIA

= 7, =1000(107)(0.025%0.04)(0.8)sin90°

= Tpa =8x107° Nm =8 mNm

b) P =1,,.0=(8x107 )(3600 xz‘g] =3W
(¢) Inone half revolution the work is
W=U,,. —Upin =— MBcos180° - (-MBcos (0°)
= W=2MB
= W=2NBIA=2(8x107)=16x107]
In one full revolution
W=2(16x107J)=32x107]
= W=32m]
W 32x107)

60

= P =1920x10" W =1920 mW

avg

Peak Power _ 3 300 _100_25_(5)

Average Power 192 @ 6—4 16 16
So, =5
At x=0, y

y=i2m =] * o .
N
{41 M//

=
= FMNP = 60i
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Blv

1 P:—kx—nB:—kx—(E)(zB)

5.

272
= Pz—kx—(ﬁ)v
R

So, it is case of damped oscillation, hence

B
A = Aﬂf 2m

Given that A= 4
e

bt

A J—

= L= Ape n
e

2m  2x50x107 x10

= t= =
[5212 ] 0.01x0.01
R

Time period, T = 211'\/% =2s

So, the number N is

N:@:SOOO

Hence, the correct answer is (B).

= 1=(NIA)(B)
Since, A =

= 71=NI ( mr? )B
Hence, the correct answer is (C).

B=BI+BZ=%(§_}2)=O

Hence, the correct answer is (A).

The force on loop is given by
F=1,a(B,-B,)

where

I I
Bl=mand BZ_&

2ma 4dma

F= ol
Ar
Hence, the correct answer is (A).

NBIA=Co

= (175)B(1x10?)(1x10™*) =

108 x7x

180

=10000 s

B=" %1 _997x10% T
180 175

= B=10"T
Hence, the correct answer is (D).
2F=0

“0_11: Holy
2mx 2mi(x—d)

As both wires A and B carry currents in opposite
directions, so x>d

I
L-1
Hence, the correct answer is (A).

Radius of circular path (r) in a perpendicular uni-

form magnetic field is r = LA LS

qB qB

For proton, electron and helium nucleusi.e. a-particle,
we have

m, = 4mp and n, >,
Also, 9,=29, and g, =g,

Since kinetic energy (KE) of all the particles is same, so

Jm

T e —

q

= Ta=TP>T€

Hence, the correct answer is (C).

The magnetic field due to wire AB is

ol /. :
B,p =-—(sin@, +sinf
AB T ( 1 2)

1
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[
= = 11.

= m

1
r=—
1 2\/?:

Also, 6, =8, = 60°

= B = %25111(60") = 4#—”1\/5

T mr,
oyl
Byp=—-
ABT
181!
= Bt =3B = Sty =18 uT

Hence, the correct answer is (A).

9. The square loop is changed to a circular loop. So,
we have

oy

& L

-~

2rr=4a
(%)
= r=|—
T
For Square loop,
m= I’
For Circular loop,
m =1 ( mr’ )

s (4&2]
= m=Ir —
b

r

¥4

, 4m
= m=—
b

Hence, the correct answer is (B).

10. B=*u—Olr and I:g—m

2a ¥ 13.

ol
(107)(40)
T 7"

B=

12.

Hints and Explanations H.89

= ¢=3x10"C
Hence, the correct answer is (B).

Radius of path R is given by

_mv_\2m(KE)

R=—=
eB ¢eB

R ¥2x9.1x107 x100¢
© ex15x10°

V2%9.1x107%

J16x10 7 x15x10°3

= R

F
<4
L
=
o
<
I
Vv

'y
L4

-5
R:3‘37><10_3
15x10
Since, sint’)zi=§
225 9
= PQ=PA+AQ
= PQ=225(1-cosh)+11.64

= PO=122+11.64=1286 cm

Hence, the correct answer is (B).

%100 cm =2.25 cm

Bp= #—”I(cosﬂl +cos6,)

dmd

-7
BP:M(2x§]:1.5x10‘5T
0.04 5

Hence, the correct answer is (B).

For shifting of loop along x-direction, the potential
energy is

U(x)=-M-B
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a0
o 2
- u(x)=7#0d0“ = U=@
2x m
PE decreases as it comes closer to wire.
£- eBR B
So, attractive force F(x)is given by = Bl
du ﬂoﬂoﬂz[ 1 ] ¢B’R
Fly)=—="—"—| -—= =
(x) dx 2 P - E
o2 -19 2 -2
o Flx)= Uyilya (Attractive) o e 16x107"x(0.5)"x0.5%10
24 100
2 24
a = m=20x10"" kg
= F d_2

Hence, the correct answer is (D).

Hence, the correct answer is (B).
17. Since, E=0vB

14. B=2lg where 9= radian = E=06Vm~
4nR 4
Since, V =Ed
po bl
16R = V=06x2x107
_,uol(l 1]_;101 = V=12mV
1613 5/ 120 Hence, the correct answer is (A).

mo  J2mgV

18. Since, r=—-=
Bq Bg

V2%9.1x107 xV

B=Hl 1 047%107 ~10%107 T
120

Hence, the correct answer is (D).

15. Since 271 =L - y=
BJq
L
= n=— =
21 L, 2x91x107 x500
Also, magnetic field at centre of loop is T 100x103v1.6 %107
_ Mgl
™ 1 \2x91x500x102
1 = r= =
100x10 1.6
Now, L=(2xr, )N p
75.4x1
y 5 =2 5104 m
= h=E— 100x 10
2Nm Hence, the correct answer is (D).
Magnetic field at centre of coil is
Nl 19. The data given in the question is incorrect.
U L
B¢ =2—r0 However, if the magnetic field B=Bk given in the
? question would have been between x=0 and x=d
B, 1 instead of y=0 and y=d, then we solve the question
B. N? as given below but we still do not get the matching
- . . D answer.
ence, the correct answer is (D). So, let us solve the problem assuming that the particle
16. For particle to move in a straight line, we have enters the magnetic field that exists in the region x =0

¢F = evB to x=d. On entering the magnetic field, the charge

particle follows a circular path of radius R= m_;) as

Since R= m_; shown in Figure. q
e



20.

21.

ICON

Deviation suffered by the charged particle when it
leaves the field at x=4 is

d_myf ZqB 1

R mov/qB 2

= 6=30°

At the point of leaving the field, force acting on the

particle is towards the centre of the circle i.e. O and
has a magnitude given by

F=quB
This force is making an angle of 30° with the vertical,
S0

- ,qyg( sin30° + cos 30°} )
7@(54\/5})

2
E g
_m m(z+\/§]]

*So, none of the OPTIONS given is correct.

T
1]

=i

=

1)is

The straight path from origin to P(x=1,y=
y=x
Since work is only done by electric force, so we have

1 1
W= qJE dF = qudx - qSJ.dy
0 0

= W=29+3q=5q

Hence, the correct answer is (B).
2mx(qV)

qB qB

1
= £=/-x
4 1

Hence, the correct answer is (D).

22,

23.

24,

Hints and Explanations H.91

At O, E:Bl‘l'Bz

Hol

where, B, =B, =
dmd

o p=Hl o
2rd

F
<4
L
=
o
<
I
Vv

2x107 xI

4x107

[=—5=20A
107

Hence, the correct answer is (B).

4

=

Radius of circular path followed by a charged particle
in a uniform magnetic field (B) is given by

_mv_p _~N2mK
"B qB  qB
For electron, , =
For proton, 7, =
2m,K / 4m K /2m K

For a particle, 7, =

2eB eB

Since, m, >m, , hence 1, =r,>1,

Hence, the correct answer is (B).

Initially, the dipole moment of circular loop is
M=IA=1(aR?)

and magnetic field is

wl
2R

Finally, the dipole moment becomes double, keeping
the current constant, so radius of the loop must have
become 2R . Hence the magnetic field is given is

Bl=

Hol
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2

Hence, the correct answer is (C).

25. Required magnetic field is given by

UNIR® ) 1NIR®  8u,NI
3|7 3 - 3
2(1{2 LS ]E 52 SR
4 8

Hence, the correct answer is (C).

26. The magnetic field at the centre of the triangle is

Boot = S[U—[J(cos30°+ c0530°)]
dma

Since, from the figure, we see that

tan30°= —

! I
= a=—tan30°=——
2 23

net —

3x(107)x1( . 3
(45%107) (2x7]

(2v3)

2%x9%107°

= Bnet= 45

=4x10” Wbm™
Hence, the correct answer is (A).

(nr?)

27. Magnetic moment is given by M =i1A =

~ =

Also, T = 2
®

Hence, the correct answer is (A).

29.

30.

31.

28. Since we know that

[G=(I-1,)S
As the current through galvanometer is very small,

so we have

107° %25
2

S=

= §=125x107=125x107 Q
Hence, the correct answer is (B).
Given that [,=5mA, G=15Q

Let R be the resistance to be connected in series with
the galvanometer as shown in Figure.

I R
9 A A
—G—wWW

Since V=1,(R+G)

= 10=5x10"(R+15)

= 2000=R+15

= R=1985Q=1.985x10° Q

Hence, the correct answer is (A).

Here, B=By(i +2]-4k), 5=1,(3i -] +2k)

Since, F=F,+F, =0

= :_Fm

~

)

x B
> L -—quBﬂ[ J1+2k

"I'jl

=

= (3
x(i+2j-4k)]

= E=—qu,B,(14]+7k)
The electric field produced by the charge g, will be
given by
s L __quoBy(14j+7k)
q q
= E=-oBy(14]+7k)
Hence, the correct answer is (A).

When a magnetic dipole of dipole moment M is
placed in a uniform magnetic field, it will experience a
torque,
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7= MBsin@
Torque is maximum when 6= 90°
Tmax = MBsIin90° = MB
Potential Energy of a magnetic dipole in a uniform
magnetic field is,
U =-MBcos=-MBcos90° =0
Hence, the correct answer is (A).
32. Given situation is shown in Figure.

E
I ._i_qo
v
®B

Since we know that

F=q(3xB)
= ﬁ:ﬂ;}o(ﬁxg)

According to the problem, force acting on the electron
is parallel to the direction of current. Hence the motion
of test charge is towards the wire.
Hence, the correct answer is (D).

33. Magnetic potential energy of the dipole in a magnetic
field is
U=-M-B

For stable equilibrium, M and B must be parallel to
each other and in this case the potential energy should
be minimum.

Hence, the correct answer is (D).

34. Wire A isbentinto a circle of radius R as shown, then

I

[=27R
= R:L
2n

Hints and Explanations H.93

Wire B is bent into a square of side a as shown, then

‘._812_.' L3
a
[=4a
!
= a=-
4 -
=4
= Bp=4x ol _(5in45° +5in45°) [1T]
4E(E] -
2 .
= BB=M><£=16’UOI :
BN G GY | @)
ol 1)
ot 2
L B M) m
B

Hence, the correct answer is (D).
35. Given that ,=1mA,G=100Q, i=10A, S=7

Since, (i-iy)S=i,G

1,G -3
o ogot _ 110~ x100

i-i, (10-107)

= $=107Q
= 5=001Q
Hence, the correct answer is (A).

36. CASE-:
This situation is shown in Figure.

R g

CASE-2:

In this case a shunt is connected across the galvanom-
eter as shown in Figure.



The current in the circuit is given by

VE
GS
+—
G+S5

According to the problem,

I=

R

_ L5
2 G+S
From (1), (2) and (3), we get

It =

Ve _ Ve S
2(R+G) g, G5 "~ G+S
G+S
1 (G+S) S

2(R+G)  (RG+RS+GS) (G+9)
= RG+RS+GS=2R5+2GS

= RS+GS=RG

= S(R+G)=RG

Hence, the correct answer is (A).
37. Current in the circuit without ammeter is

V_5V

=—=———=01A
R 50Q
So, the allowed current with ammeter is
I'=0.099 A
Also, I' = v where R, =50+%
Req 1 100+ I,
5
= 009=—" —
50+ 0%
100+,
100
500
R

Al

38.

39.

ICON
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ae
. 100r, 5
100+7,  0.099
- 100z, 05
100+,

= 1001, =50+ 0.5r,

50
]’q = —_—=
S 995
Hence, the correct answer is (D).

05Q

Magnetic force on electron in the metal sheet,
E,=-e(5xB)
At equilibrium,

F, =F, =¢E (induced)

Since ¢, = -0, and assuming o, = ¢, we get

evB:e[gJ
€

[%

@
()

s F,

B o

01— 0
= 0=07=¢&vB
= 0,=-0,=-¢0B
Hence, the correct answer is (B).

The circuit given in the question is incorrect. The given
figure shows the correct circuit.

R

—

2V

Let the current which produces full scale deflection in
the galvanometer be I, .

Then according to question

4 v 2
—L=——= (1)
5% G+R G+2400

2 2

=—= (2
5% G+4900 @
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From equations (1) and (2)
4 _G+4900
2 G+2400

= G=100Q

Putting G in equation (1)
2
5% 100+ 2400

2x5

0

For a deflection of 10 divisions
1 Vv

mA

5% G+R

%Xl - 1002+R

= R=9900Q

Now, current sensitivity is
L _1maA

n 50 div

=20 pA/division

Hence, the correct answer is (A).

40. Let the length of right wire be /, then its massis A/.

2Lsind

rlg
Forces acting on this wire are tension (T), weight
(Afg) and force of repulsion due to other wire (F).
From figure, we get
Tcosf = Alg (D
Tsinf=F Q)

2,
where, p=to ! .f'
27 (2Lsin)

From (2), we get

2

/
Tsingzﬂlv_"
21 (2Lsin®)

From (1), we get

N

= sinf=-L ——
cosd 27 (2Lsin®)

41.

43.

Hints and Explanations H.95

4rLAgsin®6
[= |ZPASSIN T 5ing
Ugcos O

Hence, the correct answetr is (D).

mAgL
Ugcosf

Since, [=12 A, B=03k T

Also, A=10x5cm*=50x107" m*

= M=(IA)i=12x50x10"" Am*

= M=6x107 Am?

Here, M, =6x107% Am?, M, =6x102k Am?
M, =-6x102] Am?, M, = -6x102k Am’

Since M, is parallel to B, it means potential energy
is minimum, therefore in orientation (ii) the loop is in

F
<4
L
=
o
<
I
Vv

stable equilibrium. M, is antiparallel to B, it means
potential energy is maximum, therefore in orientation
(iv) the loop is in unstable equilibrium.

Hence, the correct answer is (A).

Energy of proton is %mvz =qV

=]

Magnetic force, quBsin90° = %

= R:ﬂ
qB
Since, sina=£=@=ﬂ o
mo m ZqV
SNV q
= sine=Bd,|——
2mV

Hence, the correct answer is (C).
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44. When the currents are parallel, 1,1, is positive and
the force between them is attractive (i.e. negative).
Similarly, when currents are antiparallel, I;I, is nega-
tive and the force between them is repulsive (i.e. posi-
tive). So, option (D) satisfies the condition.

Hence, the correct answer is (D).

45.

Magnetic force on the circular arc is F,, = Bld/

F, = BI(RdB)

For the arc to be in equilibrium, F =2T sin( %)

de

For small angle 46, sin( ?) 4

2
= 2Td6=BIRd6

= T=BIR

Hence, the correct answer is (A).

46. Force on conductor, 0.325 m

+y a,=-98 ms™

y- U= 0

Work done ;2. on the conductor in moving along
is

7. —_—

along v,, =?

vy, =252 ms™ =25 ms™

+y

So, average power is %y = t222 1

vy =g, +24,(y-,)

S‘ F,=ma,

Hence, the correct answer is (C).

48. The radius of the circular path of a charged particle in

the magnetic field is given by r= ?

Kinetic energy of a charged particle is

Kzlmf
2

2K
= v=,|—

m
m (2K «2Km
= ftrf=— |l—=—
gB\ m

qB

Since K and B are constants, so we have

N
roc —
q
Ay Jmg Jm,
Iy ilyily = —
p Ja Ja
= rpzrd:ra=£:—m:—\/24_m=1:ﬁ:1
e e e

= Ta=TP<Td

Hence, the correct answer is (A).

19, dB:M(E]
2r 2

R
= B=J‘dB=M(%)2nJ‘m—r
4r \ 7R g r

= B:(#DO‘?)R:“O(DQ
2R 2R

= Bocl
R

Hence, the correct answer is (D).

50. Let the current [ in the wire be inwards then

I

A=—
R

If dI be an infinitesimal current due to an element
subtending angle d6 at centre, then

dl = Adl = A(Rd6)

Magpnetic field dB due to this infinitesimal element is

ap = 1oL
2nR

B, = J.dBX = desine
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o8
15
N BI=“LJsinad9=0
2
it
2
3 A I
and By=chosﬂd9=u¢=u70
T T 7wR

=

Hence, the correct answer is (A).

51. Taking upward direction as positive, the magnetic
field at a point P between the wires at point P to the
right of origin at a distance x from O is

pol( 1 1 ]
Bp=—"| —-———
2n\d-x d+x

ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems

Let r be the distance of a point from centre, then

R . N
For r< 5 using Ampere’s circuital law,

8-
= Bl=py(L,)
= B(2ar)=py(Ly,)

B:E—;%“ (1)

Since, Iin =0
= B=0

If | be the current per unit area, then

for %Sréﬁ,wehave

Hints and Explanations H.97

y
B1
| [= I
—mm =S s ST O ST X
WIRE 1 O x,| wRE2
| | :
: |B2 :
I I I
|4 le -_l
© d+x  d-x

The field will remain negative as we move from —eo to
Wire 1, has a zero value at « and becomes very large
near the Wire 1.

As we move from Wire 1 to Wire 2 the field changes
sign from positive to negative, becoming zero at O
and then again increasing as we approach Wire 2.

As we move from Wire 2 to +e, field is positive every-
where, very large near Wire 2 and then decreases to
zero at +oo.

Hence, the correct answer is (B).

Substituting in equation (1), we have

2
(:rrz—er—)}
p=tol 47
2r r
B=uﬂj(r2Rz)
2r 4
At r=E, B=0
2
A r=r, 52208

For r 2R, we have
lrin = ITotal = I(SaY]
Therefore, substituting in equation (1), we have

g bl
2y

= Bc>c1
T

Hence, the correct answer is (D).
Area A of the given loop is equal to area of two circles

Lo .
of radius 2 and area of a square of side a

2
= A=2?[(E) +az=(£+l)a2
2 2

F
<4
L
=
o
<
I
Vv
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Since, | M| =14 = (ZH)QZI

From Right Hand Thumb Rule, direction of M is out-
wards or in positive z-direction .

= M =[§+1]a2ﬂ€

Hence, the correct answer is (B).

The radial width (b—a) is having N turns. So, num-

N
ber of turns per unit radial width is n= Py
-a

Consider a circular coil of radius x, radial thickness
dx . If AN is the number of turns in it, then we have

-
b-a
If dB is the field due to this element at the centre, then
B = UNI dx
2(b-a)x
0 NI b
fo- i)
= B=|dB= log | —
.[ 2(b-a) Bel 4

a

Hence, the correct answer is (A).
When a<x<2a

F, acts along positive z-direction

s
Q& ®'6,
180 0E6 e
10 ® @ @ @
. JeeBece

- | |

r
When 2a<x<3a
E, acts along negative z-direction.

Hence, the correct answer is (A).

Magnetic force does not change the speed of charged
particle. Hence v=u . Further magnetic field in the
given condition is along negative z-axis in the starting.
Or it describes a circular path in clockwise direction.
The direction is found by using Fleming’s Left Hand
Rule. Hence when it exits from the field, y <0.
Hence, the correct answer is (D).

U=-M.B
Hence, the correct answer is (C).
Because of magnetic force acting radially outwards on

the loop, it has a tendency to expand.
Hence, the correct answer is (B).

H.98 JEE Advanced Physics: Magnetic Effects of Current and Electromagnetic Induction

10.

11.

Plane of motion must be perpendicular to at least one
of the component of the magnetic field.

Hence, the correct answer is (B).

r>(b-a)
Mo
4B

= b-a)

q(b-a)B

1

g(b-a)B
m

= 0>

= Unin =

Hence, the correct answer is (B).

Outside a bar magnet, field lines go from N to S,
whereas inside a magnet they go from S to N. Also, we
note that, magnetic field lines can form closed loops.

Hence, the correct answer is (D).
In magnitude, field at point P(x, ) is

g Mol
2y

However, vectorially the field is given by

B= ( 1”_01],1
2nr
where i is a unit vector perpendicular to Id] as well
as 7.
In this case, 7 = x1 + y}
A unit vector perpendicular to Id] as well as 7 is

given by
yi-3j

n=
JE

Because only then, we have 7-71=0

- f- Kyl yn-x
2n ch+y'2 \/xz+y2

- B_Ei[ﬁ—ﬁ]

T 4y’

Hence, the correct answer is (A).



12. Since 14 > 71y
mo
=m0, >Ny V= —
qB
Hence, the correct answer is (B).

13. The radial width (b-a) of the coil is having N turns.
So, number of turns per unit radial width is n= N .

-0
Consider a circular coil of radius x, radial thickness

dx . If dN is the number of turns in it, then we have

- N
b-a
If dB is the field due to this element at the centre, then
B = poNI dx
2(b—a)x
0 NI b
Ho
B=|dB= log,| —
- j Z(bﬂ)og‘(aJ

a

Hence, the correct answer is (C).

14. Consider the bigger loop to be made up of two loops 1
and 2 as shown in Figure.

V4
+
1
1

iP(a0,a)

2a @
Magnetic field due to loop 1 and 2 at point P has same
value say B. So,

Bp=Bi+Bk=B(i+k)

So, magnetic field points along the direction 7 given
by

Hence, the correct answer is (D).

15. Taking upward direction as positive, the magnetic
field at a point P between the wires at point P to the
right of origin at a distance x from O is

pol( 1 1 ]
BP:_ e
2n\d-x d+x

16.

17.

18.

Hints and Explanations H.99

y
B1
| [= I
—mm =S s ST O ST X
WIRE 1 O x,| wRE2
| | :
: |B2 :
I I I
|4 le -_l
© d+x  d-x

The field will remain negative as we move from — to
Wire 1, has a zero value at ~ and becomes very large
near the Wire 1.

As we move from Wire 1 to Wire 2 the field changes
sign from positive to negative, becoming zero at O
and then again increasing as we approach Wire 2.

As we move from Wire 2 to +e, field is positive every-
where, very large near Wire 2 and then decreases to
zero at +oo.

Hence, the correct answer is (B).

q

Magnetic moment = iA =
&n (21/w)

= M= %qwrz

Further angular momentum L = [@=mr’e

M_4q
= —=—
L 2m
Hence, the correct answer is (C).
According to Fleming's left-hand rule, both positive
and negative experience force along -y axis.

Y
X ® ——E
B
z
v v
F F

Hence, the correct answer is (C).

Ml

47:(QM] and

H, =

_ml, m(12)
4n(QM) 4x(QM)

2

F
<4
L
=
o
<
I
Vv
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19.

20.

21.

22,

= H1:[1+1]H1=§H1
2 2
H, 2
= ===
H, 3

Hence, the correct answer is (C).

Total magnetic flux passing through whole of the
x-y plane will be zero, because magnetic lines form
a closed loop. So as many lines will move in -z direc-
tion same will return to +z direction from the x-y
plane.

Hence, the correct answer is (D).

>
>

my, oy

-
»

)

-
L

»

), my

Since the charged particle is at rest, so initially, the
magnetic field will not make it move. But initially, the
charged particle will experience an electrostatic force
in the direction of electric field as a result of which
it gains a velocity parallel to E or parallel to B and
hence even after the motion of the particle it will
not experience a magnetic force i.e. its trajectory is a
straight line.

Hence, the correct answer is (A).

Since both wires carry currents in opposite directions,
so B at midpoint of the two wires is normal to the
plane containing the wires and hence no net magnetic
force is exerted on the charge 4.

Hence, the correct answer is (D).

Magnetic Moment M =iA

= M= 2 (n:Rz)
(%)
w

= M:qu2

Further, angular momentum L is
L=Iw,where

I =Moment of Inertia of system

= L=(mR2+mR2)w

23.

24,

= L=2mR%*»

M _ qoR’
L 2mR*w
M_q

L 2m
Hence, the correct answer is (A).

Radius of the circular path is given by

mv 2Km
=

"By B

Here, K is the kinetic energy to the particle.

Therefore, rocﬁ if K and B are same.

Hence, 7, =1, <1
Hence, the correct answer is (A).

For a current flowing in the circular arc of radius a
shown in Figure the magnetic induction at the centre is

ULy Mol Hy
B=|——|0-—=(2n-0)=——(1,0-1,(2r -0
(47:&) 47m( %-8) 411'61(1 2( g ))

= BelIf (1)

In the given problem, the total current is divided into
two arcs such that it divides in the inverse ratio of
resistances of arcs i.e.

I _ Aa(2n-0)
I, Aab

= L6=0L(27-6)

Substituting in equation (1), we get
B=0

Hence, the correct answer is (D).



25,

26.

27.

28.

29,

30.

ICON

Using Ampere’s Circuital Law over a circular loop of
any radius less than the radius of the pipe, we can see
that net current inside the loop is zero. Hence, mag-
netic field at every point inside the loop will be zero.
Hence, the correct answer is (B).

\ IZqu

Bq

= Rov:\/E
R

o N My
R, My

R\
i
o My _( &
my \ Ry
Hence, the correct answer is (C).
Force per unit length between two wires carrying cur-
rents I; and I, atdistance r is given by
F_uhl
¢ 2t r
Here, [y =1,=1 and r=b

(1)

2nb

Hence, the correct answer is (B).

F ul
= ?=u

Straight wire will produce a non-uniform field to the

right of it. F,, and F;. will be calculated by integra-
tion but these two forces will cancel each other. Further
force on wire ab will be towards the long wire and on
wire cd will be away from the long wire. But since the
wire ab is nearer to the long wire, force of attraction
towards the long wire will be more. Hence, the loop
will move towards the wire.

14 /'y

Hence, the correct answer is (C).

Magnetic force on a current carrying loop in uniform
magnetic field is zero.
Hence, the correct answer is (D).

In non-uniform magnetic field, the needle will experi-
ence both a force and a torque.
Hence, the correct answer is (A).

Hints and Explanations H.101

Multiple Correct Choice Type Problems

1.

Magnetic field due to loop at origin is
IR ( oy ol (5
#0—3( -k ) = ‘u—n ( —k )
2.8R 16R
Magnetic field at origin due to wires

=(ﬂohﬂofz);;
2nR 2mR

s _ Mol ( ¢
A) If I, =1, then B, = —\—-k
(A) 1 =1y then by 16R( ]

(B) Ttcanbezeroif I, >0, I, <0

—— 2(L+R) ———»

Force on the complete wire equals the force on straight

wire PQ carrying a current I .
E=1(PGxB)=1[{2(L+R)i }xB]

This force is zero, if B is along i direction or x-direc-
tion. If magnetic field is along j direction or k direc-
tion, then

|El=F=(1)(2)(L+R)Bsin(90°)
= F=2I(L+R)B
= Fe«(L+R)
Hence, (A), (B) and (C) are correct.

i=4i and 5=2(31+])

F
<4
L
=
o
<
I
Vv
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According to the figure, magnetic field should be in ®
direction, or along -z direction.

v
Further, tanf=—~ !

2
v, W3 3
= 6=30°

= %: Angle of 7 with x-axis is 6 :g

QB

Since 6=t , where @ = M and =107 s

()

6 M
B:ﬂ: ™M
6Qt 6Q(107)
50mM

"0

Hence, (A) and (C) are correct.
Q

P — Hollow cylindrical
conductor
ﬁ Q — Solenoid

In the region, 0<r <R
BP =D ’

B

By #0, along the axis

So, B_., #0

net
In the region, R<r<2R

By #0, tangential to the circle of radius r, centred on
the axis.

By #0, along the axis.

So, B, #0 and is neither in the directions mentioned
in options (B) or (C).

Inregion, r>2R
Bp 20
By#0
So, B, #0
Hence, (A) and (D) are correct.

For (A) and (B)
Magnetic field will rotate the particle in a circular path
(in x-z plane or perpendicular to B). Electric field

will exert a constant force on the particle in positive
y-direction. Therefore, resultant path is neither purely
circular nor helical, hence the options (A) and (B) both
are incorrect.

For (C)

v, and B will rotate the particle in a circular path in
x-z plane (or perpendicular to B). Further y, and E
will move the particle (with increasing speed) along
positive y-axis (or along the axis of above circular
path). Therefore, the resultant path is helical with
increasing pitch, along the y-axis (oralong B and E).
Therefore, option (C) is correct.

For (D)

Magnetic force is zero, as @ between B and @ is zero.

> X
|

But electric force will act in y-direction. Therefore,
motion is 1-D and uniformly accelerated (towards
positive y-direction ). So, option (D) is correct.

Hence, (C) and (D) are correct.

muo
r=—
Bq
= Te<ciml

= 1,<r, because, m, <m,

Further, T = 2mm
Bg
= Te«m
X X X xX
_‘_
X X X X
@—*—:
x x x x
B
x x x
_.‘_
X X e X
= I, < Tp

. T,
Since, t, = > and t, =

P |2

= te<tp

Hence, (B) and (D) are correct.
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The radius of circle of path of charged particle is

r="
qB
REGION| REGION Il REGION llI
® @ ®
® ® ®
v
@ @ @
® ® ®
— (—»

For particle to enter REGION IIT R> / or ﬂ; >
q

@ @
@
®
@ @

R @ )

For path length of particle in REGION II to be
maximum

/=R

(B
y_ 4B
m

R XA

The period of revolution of charged particle is w = Ll
m

The time spent in REGION ILis = = %, which is
© q

same for all the cases when it returns to REGION 1L
Hence, (A), (C) and (D) are correct.

Since, Fgs =0, because magnetic lines are parallel to
this wire.

Also, Fqp =0, because magnetic lines are antiparallel
to this wire.
Now, we see that F is perpendicular to paper

inwards and F,p is perpendicular to paper outwards.
These two forces (although calculated by integration)
will cancel each other but produce a torque which tend
to rotate the loop in clockwise direction about an axis
00"

Hence, (A) and (C) are correct.

10.

11.

Hints and Explanations H.103

‘e mo _ 2mE
"B 4B
Jm
= fo—
q
= Deflection « 1
Jm

Hence, (A) and (C) are correct.

By Work-Energy Theorem, we have
Work done = Change in K.E.

= (qu) (24i) = %m(Zv)z —%mvz

= 2mE= %mvz

2
= E:E ﬂ
4\ qa

Rate of work done by E at P is F-v

= L= (gri) (ol

dw 3[111:03)
—=qEv=—| —
dt 4\ a

Rate of work done by E at Q is zero, because at Q,
Flo.

Hence, (A), (B) and (D) are correct.

No change in velocity implies no acceleration i.e. no
net force is acting on the proton, even under the joint
influence of electric and magnetic field. This thing is

possible under the following situations.
OPTION (A):

E=0, B=0,ie. no field exists in the region
OPTION (B):

E=0 i.e. no electrostatic force. B# 0, but the charge
particle enters parallel to the field, so that net force
equals to zero.

OPTION (C):

E#0,1ie. the charged particle proton must experience
an electrostatic force ¢E and hence must accelerate.
OPTION (D):

E#0, B#0 and both shown in Figure

E

x| x [ x | x | x | %
p

— | -

x| x | x | x | x [ %

B

F
<4
L
=
o
<
I
Vv
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Because in such a situation
F, =evB (upwards) and

F, =¢E (downwards)

and if both are equal in magnitude then even the
proton will suffer no change in its velocity and will
continue to move along the dotted line as shown in

E
Figure. In such a situation, the velocity is v = i

Hence, (A), (B) and (D) are correct.
Reasoning Based Questions

1. C¢=BINA

BNA
= ==
b

Using iron core, value of magnetic field increases.
So, deflection increases for same current. Hence sensi-
tivity increases. So, Statement-1 is true.

Statement-2 is false as we know soft iron can be easily
magnetized or demagnetized.

Hence, the correct answer is (C).

Linked Comprehension Type Questions

1. I-}VI=szz;r=an(L]=E and F =¢E

nAe nA
Since, F, =F,
¢eE= ﬂ
nA
= E= i
nAe
Also, V=Ed
[ BI ) Blw BI
= V = — W= = —
nAe n(wd)e ned
Vi_d,
Vy 4y

So, if w; =2w,and d, =d, then
Vi=V,
Hence, (A) and (D) are correct.

2. Since, V= B
ned

Vi_(Bi)(m
Vy B, \'m

If Bl = Bz and nl - 2112, then Vz = 2V1
Hence, (A) and (C) are correct.

Let the magnetic field due to the ring, wire 1 and wire
2be By, B, and B, respectively.

In magnitudes, we have

I I
Blszzﬂ_O_ y(]

2y 23'1'\{112 +h?

Resultant of B, and B, is

2Blcos9=2(“—01)(5)=“0—12“
2r J\r nr

,uoLRz 21,1 na’
R
2(R?+x?)2

Also, By = 1
r

Since d=~a,s0 a*+h* =1
For zero magnetic field at P, we have
2B, cost =By

Hola _ 2uolna’

mr axr’

= a=2r=2a*+h
= %" =4a* + 4h?
2 2
-4
R
4

= I =1464"

= h=12a

Hence, the correct answer is (C).
Magnetic field at mid-point of two wires is
B=2 (magnetic field due to one wire)

= Bzz(@i):“—fﬂ@a
2rd md
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Magnetic moment of loop is
M=1A=1(ra?)
Torque on loop is
7= MBsin150°
ol
2d
Hence, the correct answer is (B).

5. If B, > By, critical temperature, (at which resistance of
semiconductors abruptly becomes zero) in case-2 will
be less than compared to case-1.

Hence, the correct answer is (A).

6.  With increase in temperature, T is decreasing.
T.(0)=100 K
T-=75K at B=75T

Hence, at B=5T, T should lie between 75K and
100K..

Hence, the correct answer is (B).
Matrix Match/Column Match Type Questions

1. For particle to move in negative y-direction, either
its velocity must be in negative y-direction (if initial
velocity # 0 ) and force should be parallel to velocity or
it must experience a net force in negative y-direction
only (if initial velocity =0)

Hence, the correct answer is (C).

2' Pnel = e + Pﬂi

= Fnet=qE+qﬁXB

For particle to move in straight line with constant
velocity, we have

K net = 0
= qC+qixB=0
Hence, the correct answer is (A).

3.  For path to be helix with axis along positive z-direction,
particle should experience a centripetal acceleration in

xy-plane .

For the given set of options, only option (C) satisfy the
condition. Path is helical with increasing pitch.
Hence, the correct answer is (C).

4. Done already, see theory
A—(qr)
B (p)

Hints and Explanations H.105

C—-(qr
D—(q

5. A-(q)
B—(rs)
C—(s)
D—-(p,q71)

Integer/Numerical Answer Type Questions

1. The particle will follow the path as shown
y

3

»X
NI,

2mo  2mo
g8 4gB
mm - mm
S + _
qB  44B

F
<4
L
=
o
<
I
Vv

Average speed = =200 ms ™'

2. 7=BANi, =k
. _ Ko _ 107x02
" BAN 0.02x2x107* x50

i —%=D.1A
2

m=

0.1x50=0985

S=59—UQ=5.56£1

+—p —r
X Xg— X4

When currents are in same direction, then

_ Mol yl
"oy 21(xp-x;)

When currents are in opposite direction, then

_ Hol + Mol
2my; 2m(xg-xp)

B,
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X
Substituting x, = ?0 , we get

B = 3ppl el 3pyl
! 2rx,  4mx, 4nx,

R ="

7B,

andBZ=M

4mx,

= R2=ﬂ

9B,
M.B_3_
R, B 3

If B be the magnetic field due to the given cylinder,
Br be the magnetic field due to full cylinder and B
be the magnetic field due to removed cylinder i.e. cav-
ity, then

BzBF_BC
p=tle Ml (D)
2an Z(Sa]
— |T
2

where, I =](1m2)

2
%)

Substituting the values in equation (1), we get

B:#_U(I_F_f_c]
ar\ 2 3

- B:&[ sz,f_?raZI]: Suyal
ar\ 2 12 12

= N=5

Magnetic field at point P due to wires RP and RQ is
zero. Only wire QR will produce magnetic field at P .
Since

r, =r=3xcos37°

= 7 =(3x)(%]= 12x

5

I /
37°
M~

/\53" )
x

Also, B= Hol (sin6, +sin#,)
mr,

Y LR S S
B-Mg[sm?;? +sin53°]

5

- B=7[”°I)
48mx



