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CHAPTER 2: MAGNETISM AND MATTER

Test Your Concepts-I|
(Based on Bar Magnet and Properties)

1. Since we know that
W, = MB(cos0° - cos90°)

= W, =MB(1-0)=MB
Similarly, W, = MB(cos0° - cos6)
= W, =MB(1-cos8)

Since, W, =2W,

= MB=2MB(1-cos8)

= cosG:%

= 06=60°

. 6
2. Since LS = ng
So, the geometric length of the magnet is

Lg:§><10=12cm
5

3. 8x107T

Net magnetic field at mid-point P is B=By+Bs,
where By is the magnetic field due to N-pole

B; is the magnetic field due to S-pole

. Ho m
Since, By =B;=——
NS Ax 2
0.1m
B
S
BN
= By=B;=107 x 0'012=4><10‘7T
01
2

= B, =2By=2B;=8x107 T

4. Let a wire of length L be bent in a circular loop of
radius r. Then, 27r=L

The magnetic dipole moment of a circular loop is
M=IA, where A=rr’

= M:I(JII‘Z)

2
= M=1n(£]
2r

2
= M=1R[L—2]
i7
I

= M=—
in

If m is strength of each pole, then magnetic moment
M=mxl

When the wire is bent into L shape, the effective dis-
tance between the poles is

lef =21
2

12

T

However, the magnetic monopole strength m remains
the same.
So, new magnetic moment is given by

! M
M =mlg=m| —= |=—4
! (ﬁ] V2

Since [ =16

and 6':E
3
i3

= l=—
3

-

N
<4
L
=
o
<
I
Vv
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Also, M =ml
From figure, we get

,
= rsin(30°)= -
x = rsin(30°) 5

Hence, new magnetic moment

M’:m(Zx):mr:m(?)—l]
T
= M’:E(ml)

T
o =M

T

When M is parallel to B, then the magnet is in stable
equilibrium, so 6=0°
PE in this case is minimum and is given by,
U, =-M-B=-MBcos(0°)
= Uy, =-032x0.15x1=-0.048

When M is anti-parallel to B, then the magnet will be

in unstable equilibrium, so 6 =180°
Thus, potential energy in this case is maximum and is
given by

U, = —M-B=-MBcos(180°)
o U, =-032x0.15x(~1)=+0.048 ]

On bending the magnet, the new length of the mag-
netic dipole is

AC=A0+0C =Lsin(30°) + Lsin(30°)

= AC :2Lsin(30°):2L(%):L
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Let N be the number turns and R radius of the coil.
Then, I=N(22R)

.
" 2aN

The magnetic moment of the coil is

(1)

M = NiA = Ni( 7R?)
I il
= M:(Ni:r)(—]:—
4n’N?) 4aN
For maximum value of M, we have
N= Nmin =1
il?
max — E
12
o 1, =M, Bsin90°= 2

max max
i

According to Law of Conservation of Energy, we know
that the loss in potential energy of the magnet equals
the gain in its kinetic energy, so we have

AK=U; -Ug, where U =-MBy cos

= AK=-MBy (cosb; —cosb,)

Initially the magnet is along east-west direction, so
the angle between M and By is 90° ie. 6, =90° as
shown in Figure.

Finally, when the magnet takes the north-south posi-
tion, then it aligns along the earth’s magnetic field, so
the angle between M and By; is 0° ie. 6, =0°

= AK=-MBj (cos90° - cos0°) = MBy
= AK=MBy =4(25%10°)=100x10
= AK=100y]

Test Your Concepts-Il
(Based on Earth’s Magnetism)

1.

In a vertical plane at 30° from the magnetic meridian,
the horizontal component is
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a0
5o
30°
)
. o
Magnetic /" o yB,
Meridian oy

By =By cos(30°)
However, vertical component is still By,. Therefore,
apparent dip will be given by

tang’ = B = _ B .
Bj; By cos(30°)

Since, g_v =tan¢, where ¢ is the true angle of dip.
H

tang
cos(30°)

Itis given that ¢" = 45°

= tan¢’ =

= tang=tan(45°)cos(30°)= %

= tan¢=0.866
= ¢=41°
At neutral point

Magnetic field due
to magnet

ﬂ[%) =5x107

dz\ d

2x6.75
ar3

Horizontal Magnetic
field due to earth

= 107 x =5x107

= d=03m=30cm

Let ¢, and ¢, be the angles of dip in two arbitrary
planes which are perpendicular to each other, then

¢, =45° and ¢ =30°. Since, we know that
cot? = cot® ¢, + cot’ ¢,

where, ¢ is true dip. So, we get
cot?30° = cot? 45° + cot* 9,

= cot’g,=3-1=2

= cotd,=1414

= ¢,=352°

Hints and Explanations H.109

A compass needle in stable equilibrium position
points towards magnetic north i.e., along the horizon-
tal component By of earth’s magnetic field. When it
is turned through the angle of declination 8, so as to
point geographical north, then it experiences a torque
of magnitude MBy;sin6

= MBysinf=12x10" Nm
where, M =60 Am?
By, = 40x10™ Wbm™

__laxi0®
60x40x107°

= 0=30°

= sin@

Since, By, =B, cos¢

g _ By _ 016 _016
* cos¢ cos(60°) (1)
2

=

= B,=016x2=032G
= B,=032x107T {v1G=10"T}
= B,=32uT

Direction of B,: The earth’s magnetic field lies in a

vertical plane 12° west of geographic meridian at an
angle of 60° above the horizontal line.

Atneutral point, we have the magnetic field due to bar
magnet must be cancelled by the horizontal compo-
nent of earth’s magnetic field as shown in Figure.

So, at the neutral point, we have

|BH ‘ = |Baxia1|
M 03
(20)

= M=12x10° em.u

N
<4
L
=
o
<
I
Vv
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ae
7. Since the ship has to reach a place 10° south of west Test Your Concepts-Ill
i.e. along OP,so it should be steered west of magnetic (Based on Tangent Law, Tangent
north at angle of 90° —18°+10° = 82° Galvanometer and Vibration Magnetometer)
MN GN 1. Since, By =Bcos¢
-ME Then, H, =B, cos¢, and H, =B, coso,
10 4
GWP = b GE Further, T, =2x ! =2 \/ !
MBy; MB; cos ¢y
MW ; ;
and T, =21 =2r | ———
Gs MS : \/ MBy, \/ MB, cos ¢,
8. Since, By =022G, B,=038G . T} _B,cos¢,
T2 B,cose,
and tang = B = 038 =1.7272
B; 022 B, T}
= 080, = B X —5C05¢,
So, angle of dip is ¢=59° 56’ 2 T
Resultant magnetic field of the earth is B, (v, 2
= 0S¢, = B X[ —= | cos¢,
B=B+B} 2\
. - 05)(20)
= B=4(0.38)" +(0.22)* =0.427 G = 08Py = s\ cos60° =0.74
— el — o
9. Since tan¢g= By (1) = $,=cos (074)=422
By 2. In case of tangent galvanometer as
If apparent dip is ¢, then i = ktan®
Differentiating both side w.r.t. 8
g B B _ By :
B, Bycos(30°) . [ﬁ ] di ksec0
"\ 2 do
el ( 2 )t t B, = di=ksec’0d0
= ang =| —— |tan otano=—
=B ) { ¢BH} di_ do_ 2d6
5 i sinfcos® sin(26)
= tan(b’:[ﬁJtanéO" =2 Hence, the error in the measurement will be least
when we have
= ¢'=tan”(2) sin(26) = MAX =1
10. Since we know that = 20=90°
= 0=45°
tang= B—V
By 3. (a) Moment of inertia of magnet is given by,
Given that By, =026 G and 9= 60° ol +6?)
12
= By =Bytang=(026)tan(60°)=0.45G where m is the mass of magnet
Also, we have By, =B, cos¢ Lo 250(5% +32)x 107 x107
12
_ By 026 —052G

© cosp  cos(60°) = [1=7.08x10" kgm®
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(]
I
Also, T=2r
H
Am*]
M=—
B,T

Vi 4x (314 x(7.08x107)
20x10° x5x%5

= M=558 Am’

(b) New moment of inertia is given by

2 2
I,=m(1 +12)

12
o r
Since, T'=2x
MB,

. g_\ﬁ_ P+h® _ |52 +(05)

T N1 \NP+p? V5243
= 1=D.86

T

= T'=Tx0.86=5%x086=430s
We have

I
MB,

T=2n

If B is resultant earth’s magnetic field and 8 is angle of

dip, then By = Bcos@

= T=2r

MBcos@
In first case
60
Tl =— S=3S, 91=300, B=Bl
20
In second case
60
T,=—s=4s,6,=60°, B=B
2715 2 2
. I
Since T, =27, |— and
MB; cos#,
L=z |1
MB, cos6,
T
o 4 B, cosd,
T, \ Bjcosé,

=

B (T 2cos,ti-,_
B, \ T, ) cosé,

5.

7.

Hints and Explanations

H.111

B, \3/ cos30°
21
B, (4) ) 16
= —=|—-|==—
B, \3) 3 93
2

For the first galvanometer, we have
i =K;tanf; = K; tan60° = KI\/E
For the second galvanometer, we have
i, =K, tanf, = K, tan45°K,,
When connected in series, we have

= Kl\/§=K2
x_1
K, 3
Also, we know that
1
N
o KN
K, N
N, 3
= —=—
N, 1

Since [« tan@

I, _tanf,
I 1 tan 61

Given that I, =10 mA , 6, =31°, 6, =42°

tané, tan42°
= L= =10x
tan6, tan31°
I, = 10x0.9 —15mA
0.6

Percentage increase in current is

L-L x100% = (15-10) %100 = 50%
I 10

For tanA position, we have

Ho 2M
———=Btanf
i 3 H

1
= tan(iloc—3
r

N
<4
L
=
o
<
I
Vv
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tan@, rY 1
- —= 1 ==
tan 6, /(303 3

= tanf, = tar31 6 _ tan360

B
3

= tanf, =

1
3
= 6,=30°

=5s
12

Here, T, =3, T2:l min
12

M, TZ+T?
Since, —=-2—2%
M2 T2 _T‘l

M, 543 34 17

M, 5-32 16 8
By sum and difference method, we have
% B V52 + vﬁ

2 2
M2 Vs =Va

13 (157 +12
:> —

5 (15/ -V

= v; =10 oscillation/min

Test Your Concepts-IV
(Based on Magnetic Properties of Materials)

1

The bar magnet has coercivity 4x10° Am™ ie. it
requires a magnetic intensity H = 4x10° Am™ to get
demagnetised. Let i be the current carried by solenoid
having n number of turns per metre length, then by
definition

H=ni

Here H=4x10" Amp turn metre™"

Since 1= % = % =500 turn metre™"

L _4x10°
n 500

80A

Given, magnetic moment, M=1.2 Am?

Volume, V =(15x2x1)x10° m® =30x10° m’
So, intensity of magnetisation is
M 12

[=—=—— - 4x10* Am™!
Vo (15x2x1)x107°

I= My , where M,,, = NM
%

;=@=(§]M

Vv V

MN _15x107 x2x10%
v 1

= 1=3%x10°> Am™

The coercivity of 4 x10* Am™ for the permanent mag-

net implies that a magnetic intensity H=4x10* Am™
is required to be applied in opposite direction to
demagnetise the magnet.

Since, 1= 00 _ 7004 = 3500 turnsm™
20ecm  20x10™ m
Also, H=ni
4
So, current, 1= A = 4x10 =115A
n 3500

Since, we know that

p=tm1ey
Ho
= u=p(1+y)

= u=4rx107(1+599)
= u=7536x10""T m*™!
B=uH=7536x10"x1200 T
= ¢=BA=7536x10"x1200x0.2x10~* Wb
= ¢=181x10" Wb
Magnetic susceptibility,
L, =0.0075,
T,=-73°C=(-73+273) K=200 K
Xy =7
T,=-173°C=(-173+273) K=100 K

According to Curie’s law, we have

1

meE

So, ratio of magnetic susceptibilities is
Toy_T_200_,

Zml TZ 100
= oy =22, =2%00075=0015
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7. Let Q be the energy dissipated per unit volume per
hysteresis cycle in the given sample. Then the total
energy lost by the volume V' of the sample in time ¢
will be

W=0QxVxvxt
where v is the number of hysteresis cycles per second.
Given that Q=300]m™ cycle™, v=25cycles™,
t=1h=23600 s . Also, volume of the iron specimen is

_ Mass _£ m3
Density 7500

So, hysteresis loss is given by

W :300x£x25><3600]=54000]
7500

8. Since, M=IxV, where V is volume of the cylinder

i.e. V=nr’l, where  is the radius and [ is the length
of the cylinder.
The dipole moment is given by

M=1{zr?)
3}, 22 2\ 2
= M=(530x10 )x7x(0.5><10 ) (5%102)

= M=208x107]T"
9. Since, u, =1+,

= 5500=1+y,

=, =5500-1=5499

Single Correct Choice Type Questions

1 Xm=(ﬂr_1)
= =(5500-1)=5499
Hence, the correct answer is (D).

2. Insum position, we have

I +1
T.=2n _ath
’ (Ml +M, )BH
In difference position, we have
I +1
Td =07 —1 2
(M; =M, )By
= T;>T,

Hence, the correct answer is (B).
3. Work done W = MBy, (1-cos)
= W=20x03(1-cos30°)

Hints and Explanations H.113

= W=6(1—§]=3(2—J§)

Hence, the correct answer is (C).

N; and N, are two null points on equitorial line,
where By (Horizontal component of earth’s magnetic

field) and B (Magnetic field due to bar magnet) cancel
to give neutral points N; and N, as shown in Figure.

By By N ~
Equitorial

N; No|  Line _g N\ E
_________________ (¥)

\.’ h

o

B B <

Hence, the correct answer is (A). 8

Magnetic lines of force are closed curves. Outside the
magnet they are directed from north to south while
inside the magnet, they are directed from south to
north.

Hence, the correct answer is (D).

The resultant magnetic momentis M = M, + M, + M,

d
AR \\\ N
\\ \\ M
1 S \\\ \\
\ N
\
N DN
“ \
Y
S N
2

AlSO, M3 = M
= M] + Mz +M3 = ZM
S wfh s \Mnet=2M
+
N N
M, + M,

Hence, the correct answer is (B).
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7.

10.

11.

Point P lies on equatorial line of magnet (1) and axial
line of magnet (2) as shown in Figure.

ON - s} T
I
I
I
I
I
I
I

B B
N sl

S0, B =0 M _107x 00 17
Amd (0.1)
BT ELLULENDE
iz d (0.1)

= B =B,—B=01T
Hence, the correct answer is (A).
7= MBj;sinf

d

o MBy, cost

de

This will be maximum, when 6=0°

Hence, the correct answer is (A).

E=VAm=[E]Am _ 50x250 10 x 3600

P 75%10°
= E=6x10*]

Hence, the correct answer is (A).

T=2r !
MBy
T

- L_M
L \M

(5 J
(&
I VT

S
10

Hence, the correct answer is (A).

=

_4
9

i Ktan# UoN

For increasing sensitivity K should be decreased and
hence number of turns should be increased.

Hence, the correct answer is (B).

12.

13.

14.

Ly 6M,M,

F= n

dr v
1

= Foe—
A

o) (1]‘i
= @ —= — =| —

F |r 2

o F_48

16 16

Hence, the correct answer is (D).

=03 N

Net magnetic moment

M = M2 + MZ + 2M,M, cos6

= M= \]Mé + MG +2M; cos60°
= M=43M,

Hence, the correct answer is (C).

I
MB,,

Since, T =27

For CASE-1, we have

60
=—s5
10

Ly (1)
10 MB,

For CASE-2, we have
60

=—s
14

U Py ——— Q)
7 M(By +B)

Divide (2) by (1), we get
30

7 _ | By

6 By +B
24

B=| = |B .3
(25] " ©

For CASE-3,
Let the magnet make # oscillations per minute, then

_6

L

T

T



L]
24
B=—B

- { 2% f }

@=2nx5>< ! ..(4)

n MBy
From equations (1), we get

2r ! =6

MB,

So, equation (4), becomes,

80 _5(6)

n

= n=2 vibrations per minute

Hence, the correct answer is (D).

15. Initially magnetic moment of system is
M, =VM?+M?* =2M and
moment of inertia is
L=1+1=2
Finally, when one of the magnets is removed then
M,=M and [, =1

Since, T =2rn I
By
T, [ M, \/21 M
—_= | =X—== | — X ——
T, \I, M, \I V2Mm
5
24
= T2=_1=23
24

Hence, the correct answer is (C).

16. T=23'r1,L
MB
T F B
] —_—= — = [—
T \B By
LI [ [,
T V\cos¢ Vcos60®
T

= T'=—

V2

Hence, the correct answer is (A).

17, B=B1+Bz=“0[ml+m2]

2 2
n\ rw n

As my=m, and =7,

18.

19.

20.

21.

Hints and Explanations H.115

4
p=foZ _qo7y 20
i (5%107?)

= B=8x107T
Hence, the correct answer is (D).

Magnetic moment of circular loop carrying current

M:z‘A:z‘(:rRz)=i;r(£)2

2
L= 4:r‘M
Vi

Hence, the correct answer is (B).

4

Since, B= Mo 2Mr .
42:(,,2_12)

B_n(r-E)
B, nl\n-I

@_g(mo—ﬁr
1 20\ 100~/

N
<4
L
=
o
<
I
Vv

= [=5cm
Hence, length of magnet is L=2/=10 cm

Hence, the correct answer is (C).

Since W =-MB(cos8, —cos; )

When the magnet is rotated from 0° to 60°, then work
doneis 0.8]

= 0.8=-MB(cos60°-cos0°)= ?

= MB=16Nm

In order to rotate the magnet further through an angle
of 30°i.e., from 60° to 90°, the work done is

1
W’ = -MB(c0s90° - cos60°) = —MB(U _E)

= W'=%=%=U.8]=0‘8x107erg

Hence, the correct answer is (A).

= B=\BY+B} =B +B

= B=42B,

Hence, the correct answer is (D).
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22. Since, B=Bytand

Ni
A B, tand
2r

._ 2rBytan _2x0.1x4x107 _

“11A
1N 10x4rx107

Hence, the correct answer is (B).
23. F=mB

F 1224x107
Mm=—-=—
B 036x107*

= m=4Am

Since, M =m(2/)

= 2£=M=Em=gcm
m 4 4
= 2/=250cm

Hence, the correct answer is (C).
24. Given B, =0.36 G, 6 =60°
Horizontal component of earth’s magnetic field is

By =B, cos60° = 0.36 x cos60°

= By =0‘36x%=0‘18 G
Vertical component of earth’s magnetic field is
By = B, sin60° = 3.36sin 60°
B
2
Hence, the correct answer is (D).

= B, =036x——=018V3G

25. Since tan¢g= By
By

If apparent dip is ¢, then
B, B

’ BV Vv
tang’ = —V =
¢ B, Bycos(30°) 5 (ﬁ]
H| 5
2

= tan(p’:[%)tangb { tan¢=§_v}
H

= tan¢’ >tang

= >0
Hence, the correct answer is (C).

26. Along the axis of magnet, we have

2M

axial =

27.

28.

29.

M

= Bequitorial = ? =100G

Hence, the correct answer is (A).

1 |MB
V=— H
2r 1
= veM

o Ya_ My
Vg Mg

o 2_ [Ma
1 My

Hence, the correct answer is (C).

Magnetic field at the centre of short magnet very long
wire is

p_ Mel _4mx107 x18

= = T=18 uT
2mr 2rx0.2
) I I
Since T=2x and T' =21 |——
MBy, M(By -B)
Dividing, we get
N

W E =
r//6W
s

T | Bu
T \By-B

o[ )
T \24-18
= T'=2x01s=02s

Hence, the correct answer is (B).

In two planes at right angles to each other if apparent
dips are ¢; and ¢, , then true dip at that place is

cot? ¢ = cot? ¢, +cot’ 9,
= cot? = cot*(30°) +cot? (45°)
= cot? 0=4
= cotg=2

= ¢=cot™(2)

Hence, the correct answer is (C).
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30. Since, T=2r L
MBy;

M

L_ M
T, \M,’

If M, =100, then M, =(100-36)= 64

L_ |48
T, V100 4
= Tz = %Tl =1.25T1

So, increase in time period is 25%
Hence, the correct answer is (B).
31. By =B,cosf
_ By _ 05 05 1
© cos® cos30° 32 3

Hence, the correct answer is (C).

= B

32. Torque acting on magnet is
7= MBy;sin@

= 7=0.1x10" x47x107° xsin30°=107 x 47 x%

= 7=27x107 Nm
Hence, the correct answer is (A).

33. If ¢ is true angle of dip, then

tang = B_V (1)
By
When the dip circle is rotated in the horizontal plane
through an angle 6 from the magnetic meridian,
the effective horizontal component in the new plane
becomes Bj; = By cosé, while the vertical component
remains the same. If ¢” is apparent dip, then

’camj)’:B—VzB—V=ﬂ ..(2)
Bi; Bpycos@ cosé

tang’ 1

tang cos@

Hence, the correct answer is (C).

L+1
34, T, =T =21 |——2—
(M; +M,)By

Tase =Ty =2 bl

(Ml _MZ)BH

35.

37.

38.

Hints and Explanations H.117

IM+M 3

T T _ MI—MZ_\/zM—M_i
T, T, \M+M,

Hence, the correct answer is (C).

, tan
Since tan¢’ = tang
cosf
tan
= tand’ = tand
cosf

= tan¢’ = tangsech

Hence, the correct answer is (B).

Suppose magnetic field is zero at point P . Which lies
at a distance x from 10 unit pole. Hence, at P

N
<4
L
=
o
<
I
Vv

l— X —pla— 30 - x —»

B 10 _py 40
drx® 4m(30-1x)

= x=10an
So, from stronger pole distance is 20 cm

Hence, the correct answer is (B).

If M(=m/) is magnetic moment of original magnet,
then magnetic moment of each partis M’ given by

¢ M
M':(ﬂ)u):m—:—
2 2 2

Moment of inertia of original magnet,

2
1=l , My = mass of magnet
12
L (my/2)0* 1
Moment of inertia of each part = T =

Time period of original magnet is

T=2r ,L
MH
Time period of each part

(1/2)
T'=2r | ——==T
(M/2)H
i.e. time period remains unchanged.

Hence, the correct answer is (B).
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39.

40.

41.

42,

43.

T=2m L
MBy

Moment of inertia (I) is directly proportional to
mass so, when mass is quadrupled (made four times),
moment of inertia becomes 4 times and so time period
T will be doubled.

Hence, the correct answer is (D).

As we know for circulating electron magnetic moment
1
M= 2 evr (1)

And angular momentum
[ =mor ..(2)
From equation (1) and (2), we get
M=
2m

Hence, the correct answer is (B).

|

By

T=2n =2

T =21 =1sec

M(By +B)
By +B

Dividing 2=
BH

B
o By 1
B 3

Hence, the correct answer is (B).

1

JBy +B

1
Tyoc—— and T, =

JBy

_, TL_[By+B
TZ BH

2 B
~ 2_ B +B
1\ By
= B=3By
Bl
B 3
Hence, the correct answer is (B).
M M
81 = _3 and B2 = _3
x
Since B] = Bz

2M M
33

oy

44.

45.

46.

47.

a0
3
= I—3 =2
y
- o923
)
Hence, the correct answer is (D).
Since tan¢’ = tand
cos
tang
= tan(45°)= ———
cos(30°)
= tang= ?

= ¢=tan‘{§}

Hence, the correct answer is (A).

The energy lost per unit volume of a substance in a
complete cycle of magnetisation is equal to the area of
the hysteresis loop.

Hence, the correct answer is (C).

Since i(%}&[%}

A r13 CAr ?‘23
M 3
- Mi_[h
M, \n
1_(2Y
2 \n
1
= 1=20(2)3 cm

Hence, the correct answer is (B).

Let / be initial length of magnet. When magnet of
magnetic moment M(=m/) is cut in two equal parts,
the magnetic moment of each part

won( L) M
2 2 2

Moment of inertia of initial magnet
| massx (length )’ ml?
B 12 12
Moment of inertia of each half part

I=(%](£)Z 1[mof2]=£

"8l 12 17

12 8
Initial time period is

T=2r L
\ MH
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Time period of vibration of each half part

i.e. period is halved.
Hence, the correct answer is (A).

48. The horizontal magnetic field due to earth points from
South to North i.e. inwards ® . Due to the wire mag-
netic field at the magnet is also directed inwards ® .
So, both get added up.

Initially, T =2r e (1)
H

IER

Finally, T" =27 |[———— .2
e m(B+By) @

where B is the magnetic field due to the wire given by

O]
B=H _1g 41
2nr

From (1) and (2), we get

T_ [ B
T \B+B,
T _ M
01 18+24

= T'=0.076s

Hence, the correct answer is (C).

49. With respect to magnet 1, the point P lies at axial line,

SO
-« 2m &
i BQT S
CIE
P B, N
Tm T m

o 2M] .
B, =—| — | , rightwards
! 4:1'( 7 &

= 51:10'7x$:2x10'7 T

50.

51

52.

Hints and Explanations H.119

With respect to magnet 2, the point P lies at equitorial
line, so

_ (M
B, = E(F] , upwards

= @:%:mJT

Since B; and B, are mutually perpendicular, so the
resultant magnetic field is

By = B2+ B2 _(2x107 )+ (107

= By=5x107T

Hence, the correct answer is (B).

In tangent galvanometer, i o tan6

N
<4
L
=
o
<
I
Vv

il _ tan91

= —=
i, tang,

i tan45°
i tan 0,

V3
= \/g’can(i2 =1

= tand, =

Gl

= 6,=30°
So, deflection will decrease by 45° - 30° =15°

Hence, the correct answer is (B).

At equilibrium B, =B, tan@

Hence, the correct answer is (C).

n:i MBy
2r I
= neM
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53.

54.

55.

Given n, =2uny

= T1—”‘:2
ng

= % 2
Mg

= &=4
Mg

Hence, the correct answer is (C).

« - 2RBy
HoN
n - 2RBy _ 2x01x36x10°
1K 4rx107 x10x107
3
N 1.8x10 570
3.14
Hence, the correct answer is (C).
Uy 2M
——— =B, tanf
im & "
= Metanf
M] tan91
= —_— —
M, tanf,
M; tan45°
= —_—=
M, tan30°
M, 1 3
= — ===
M, 143 1

Hence, the correct answer is (B).

Given that, n =75cm, , =10 cm

ﬂ1=]5, ﬂ2=10
6,=60°,8,="?
Since Ju—°n—1><1fl=tar1£)1 and
2n
&n—2><12=tan92
2

tan6, n, n I
22,12
tan, n, n I

However, I, = LEA
Ri+R, R,
R, V
2= K—
R+R, R

ICON

.03

56.

57.

58.

LR
LR
From equation (3), we get

tng, 10 75 8 1

X
tang, 15 10 12 3

= tan@—‘/g !
I
3 3

= 6,=30°
Hence, the correct answer is (B).

The weight of upper magnet should be balanced by
the force of repulsion between the two magnets.

2
Hy m
——=50 gwt
- Axr ? g
-
= 107 x—=50x10"°x9.8
(9><10{)
= m=6.64 Am

Hence, the correct answer is (A).

Since tang¢’ = tan¢
cos
= tr;lrllqi)l:M (1)
cosf3
tang ~ tang

and tan¢, =

cos(90- ) sinf

t
From (1), cosff= ang

tan g,
From (2), sinfi= tang

tang,

Squaring and adding we get

1

2 .2 2

cos” f+sin” f=tan" ¢ +

( tan’ () tan? 0 ]

= cot’d=cot’ g, +cot’ ¢,
Hence, the correct answer is (D).

I
MB,

T=2n

o /*
where moment of inertia [ =—

, M, is mass of
magnet
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When magnet is broken into two halves then length
and mass both are halved, so

()4

I becomes BT é and magnetic moment is
also halved.
1
L oo B)
(M72)
= T’=2:nr2—:'r d
2 \MBy
T 1
= —==
T 2
’:Izézzs
2 2

Hence, the correct answer is (B).

1
59. Since B —
X

B, (1Y (Sx )3 27
= —=| — =| — = —

B, \x x 1
Hence, the correct answer is (C).

60. In first case magnet oscillates under total earth’s
field B,

1 [MB,
n=—,—=
2rN I
In second case magnet oscillates under vertical com-
ponent By,

1 [MB,

A

’

Since B, <B,, hence n’<n

Hence, the correct answer is (C).
61. From the relation By, = Bsing

B, _ 6x10°  6x107°
sing sin 40.6°  0.65

Hence, the correct answer is (D).

- B =92x10° T

62. For short bar magnet in tan A-position

%2—?: B, tanf (1)

In tanB-position if deflection is 6", then

M ,
ﬁd—fBH tan@ Q)

63.

04.

65.

66.

67.

68.

69.

Hints and Explanations H.121

tand 1
= ==
tang 2

_ tan@ tan60° 3

= tanf'=——= =—

2 2

= #=tan’ ( %] = tan"'(0.866)

= 6=409°
Hence, the correct answer is (B).

Since, B* = B}, + B}, o
= By =B -B} =(05)-(03) =04 E
-

Also, tan¢>=§—v=%=§ Q.
H . <

u

U

el E)
= ¢=tan [3

Hence, the correct answer is (C).

Diamagnetic substances are repelled by a magnet. When
abar of diamagnetic material is kept in a magnetic field,
it orients itself perpendicular to the field lines.

Hence, the correct answer is (D).

1
Singce, y o< —
ince, y 7
= nh=x0h
12x107
= T,= L);SOD =200 K
1.8x10

Hence, the correct answer is (B).
Soft iron has highest susceptibility.
Hence, the correct answer is (C).

For null deflection, we have

M (1 3-(@)1&
M, \n 50 125
Hence, the correct answet is (C).

Magnetism of a magnet falls with rise of temperature
and becomes practically zero above Curie temperature.
Hence, the correct answer is (C).

As the compass needle is free to rotate in a horizontal
plane and points along the magnetic meridian,

Magnetic mB,
meridian
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70.

71.

72.

73.

74.

75.

So, when it is pointing along the geographic meridian,
it will experience a torque due to the horizontal com-
ponent of earth’s magnetic field, so

T=MBysing, where 6 is the angle between geo-
graphical and magnetic meridian also called angle of
declination.

. 12x10° 1
= sinf=———-=—
60x40x10°¢ 2

= 6=30°
Hence, the correct answer is (A).

Susceptibility of a paramagnetic substance is indepen-
dent of magnetising field.

Hence, the correct answer is (A).

tan@

Since, i = 2RBy
HoN

i__[2><15><10'2><3><10‘5

— ]tan(45°)
4rx10™ x25

= 1=029A

Hence, the correct answer is (A).

Susceptibility of a ferromagnetic substance falls
with rise of temperature and the substance becomes
paramagnetic above Curie temperature, so mag-
netic susceptibility becomes very small above Curie
temperature.

Hence, the correct answer is (A).

Curie temperature ofironis 770 °C,sobelow 770 °C it
is ferromagnetic and above 770 °C,, it is paramagnetic.

Hence, the correct answer is (D).

Steel has the greatest retentivity. Retentivity is the
property to retain magnetism after the magnet is with-
drawn away from the substance to be magnetised.
Hence, the correct answer is (C).

ioctanf
_ z._1= tan6,
i, tano,
01 tan30° _1
i, tan60° 3
= i,=03A

Hence, the correct answer is (B).

76.

77.

78.

79.

80.

81.

On heating, different domains have net magnetisa-
tion in them which are randomly distributed. Thus,
the net magnetisation of the substance due to vari-
ous domains decreases to minimum. Magnetisation is
inversely proportional to temperature.

Hence, the correct answer is (C).

M= C—TB is the Curie’s Law.
Hence, the correct answer is (A).

W = -MB( cos 8, - cosb, ) = —~MB(cos60° - cos0°)

= W=—MB[1—1J=@
2 2
Since |7/ = MB sin@= MB sin60° =MB%
= <[
2
= 1=\3W

Hence, the correct answer is (A).

When a diamagnetic substance is placed in a non-uni-
form strong magnetic field, it always aligns itself per-
pendicular to the lines of induction, hence repulsion.
Magnetisation, hence susceptibility is negative.

Hence, the correct answer is (D).

For a temporary magnet, the hysteresis loop should be
long and narrow.

Hence, the correct answer is (D).

When magnet of length ¢ is cut into four equal parts,
then we have

m' =" and 1"=1
2

_m_M

!
2 4 4
New moment of inertia, if w is mass of original mag-

net is
w1y
_w!2 4\ 2 1 wi’

12 12 1612

= M=2x
2

g

If
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_I
16

I.P

Time period of each part is given by

I’
M'B,

T'=2n

I
= T'=2n 16 _op I =I
(M]B 4MB;; 2
I H

Hence, the correct answer is (C).

82. The bar magnet has coercivity 4x10° Am™ ie. it
requires a magnetic intensity H=4x10" Am™ to get
demagnetised. Let i be the current carried by solenoid
having n number of turns per metre length, then by
definition

H=mni

Here H=4x10" Amp turn metre™

n= E= —0=500 turn metre !
¢ 012
3
I,=E=4><10 _80 A
n 500

Hence, the correct answer is (D).

83. Since, u, =1+y,,

= ,u,=1+é
= I=(u,-1)H

For a solenoid of n-turns per unit length and current

i, wehave B=pyni

= H=—=ni
Uy

= I=(u,~1)ni=(1000-1)x500x0.5

= 1=25x10° Am™
Magnetic moment is given by M =1V

= M=25x10°x10"*=25Am

Hence, the correct answer is (D).

84.

85.

86.

87.

88.

Hints and Explanations H.123
B(T)
I
15¢---——== A
___________ 1 Saturation
RetentivityI / magnetization
I

> H(Am
50 (Am™)

Co-ercivity

Retentivity =1.0 T
Co-ercivity =50 Am™

Saturation =15T
Hence, the correct answer is (B).

N
<4
L
=
o
<
I
Vv

Since, By =Bcos¢ and By = Bsing

B—V= tan¢g
H

= By =Bytano

= B, =036x10" xtan60°=0.623x10™ Wbm™
Hence, the correct answer is (D).

Iron is ferromagnetic and is strongly attracted by the
magnetic field.
Hence, the correct answer is (A).

On passing current through the coil. It acts as a magnetic
dipole. Torque acting on magnetic dipole should be
counter balanced by the moment of additional weight
about position O . Torque acting on a magnetic dipole is

7= MBsin6 = (NiA)Bsin90° = NiAB
Also, torque due to additional weight about O is
t=(Am)gl
= NiAB=(Am)gl
(Am)gl 60x107°x9.8x30x107

—2 = - —=04T
NiA 200%22x 107 x1x10
Hence, the correct answer is (A).

B=

In given case, H and H,, are perpendicular to each
other as shown in Figure.

Hy
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= tanf= Hy
H

= 9=tan"l(&)
H

Hence, the correct answer is (A).

89. The bar magnet coercivity is 4x10° Am™ ie., it

requires a magnetic intensity H = 4x10° Am™ to get

demagnetized.

Let i be the current carried by solenoid having n

number of turns per metre length, then, we have

H=ni,where H=4x10°* Am™

Since, 1 =E=ﬂ= 500 turn m
I 2
3
LHA
n 500

Hence, the correct answer is (D).

9. Since, [=r=— M
V' mass/density

Given that mass =1g=107 kg and

5 5x107 kg g
3 3 3
p=5gcm =(_273=5X10 kgm
10 )m
107 10°
I:6x 0 >535x 0 -3
10

Hence, the correct answer is (B).

91. Since T=2x
MBy

TA_ (BH)B
T_B_ (BH)A

ARCHIVE: JEE MAIN

1. According to Curie’s Law,
ol
T
= nh=x00h
~ 2.8x350

2= 30
Hence, the correct answer is (D).

x10* =3267x10™

92.

93.

ee
60
= 10 _ (BH)B
60 \36x10°
20

= (By),=144x10°T
Hence, the correct answer is (C).

When a paramagnetic substance is placed in a non-
uniform magnetic field, the substance always aligns
along the field lines, because by aligning along the
lines of induction, magnetisation is maximum.
Hence, the correct answer is (A).

Assume the length of magnet to be I, mass be w and
magnetic moment be M . When cut in six equal parts

length each part becomes é, mass becomes % and

. M .
magnetic moment also becomes e Moment of iner-
tia of each part is

2
r:iw'L'ﬁ:i(E)(E) :%
12 1286 N6) 6

, I
Initially, T =27 B
H

For the arrangement shown,

,
Inel=61 =6_2

Hence, the correct answer is (C).

Magnetic intensity (M) is
M=yH
_20x10°
60x10° x10™°
= x=33x107"

Hence, the correct answer is (C).
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Hints and Explanations H.125
se P

3. Time period of hoop is 6. Coercivity of ferromagnet is H =100 Am™"

D Since H = ni =100

M,B
100 C1mA
Time period of cylinder is AT
T =21 [, Hence, the correct answer is (A).
‘ M, B
‘ 7. Time period of magnetic needle oscillating simple har-
IM, monically is given by

IcMh I
T=2r ,—
- MB
s
o Toop 7.5x10
6.7 x107 x0.01

= T:z—nxl.OSS
10

N
<4
L
=
o
<
I
Vv

= T,=T,

c

For 10 oscillations, total time taken

T'=10T =271 x1.05=6.65s

B,
4. Since, =~ - 2 = tan(45°) Hence, the correct answer is (A).
H

Hence, the correct answer is (B).

8.  For both, the electromagnet and transformer, the mag-

_ _ —b
= By=By=18x10"T netic field changes with time. Hence the energy losses

Torque due to vertical component of field is must be less in both devices. Hysteresis loop repre-
1, =MB, sented in B has less area which means it dissipates
less energy.
where M =m(2]) Hence, the correct answer is (D).
-6
= 15 = [(18 x10 )(1-8)(0-12)] 9. The magnetic dipole attains stable equilibrium under
Torque due to vertical force about centre is the influence of these two fields making an angle
0.12 6, =30° with B, and 6, =75°-30°=45° with B, as
= (T] shown in Figure.
Equating both torques, we get B,
=(18)(18x10)(2)
= F=65x10" N 5
Hence, the correct answer is (C). 30° B,=15mT
5. Since 0=t
= 0=0125rad

For stable equilibrium, net torque acting on dipole
[ must be zero.
= 6=-radian
8 = T,+7,=0
Initial and final potential energy are given by

= T,=1,
1
Hi= _MBCOS( 5) —  MB,sin8, = MB,siné,
1 9 3 o
Uf =MBcos(—) ~ B,=B, sin (15 mT)(STng’U )
8 sind, sin45°

= W= 2MBcos(8) 0.0198 ] - (15mT)( ]J_ 10.6 mT =11 mT

. . .
No given option is correct. Hence, the correct answetr is (B).
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10.

11.

12.

/=25em, r=2em, N=500,i=15 A

Magnetic moment _ NiA _ Ni

Since, | M| = =
Volume Al !
Ftl= 5 7 =30000 Am”
x10

Hence, the correct answer is (B).

At 30 cm from the magnet on its equatorial plane for
the neutral point, we get

|Emagnei =‘BH‘

o MM 6107
4y
-7

o XM _36x10°
(0.3)

= M=36x0027x10*=9.7 Am*

Hence, the correct answer is (A).

Given that B =3%x10° Am™
Lo

L=10ecm=01m, N=100, i=?
. N.
Since, B = pgyni = ot

N i=£x£=3x103xg=
Uy N 100

3A

Hence, the correct answer is (D).

13.

The situation is shown in Figure.

Asthe point O lies on broad-side position with respect
to both the magnets. Therefore, the net magnetic field
at point O is

B}?Ef :Bl +B2+BH

to My | Uy My
= Bg=—"—=+——5+B
ety 3 ap A
= Buy =0 (M, +M,)+By
dxr
Substituting the given values, we get
4rx107

B, ., =

net

-(1.241)+36x107
-2
4nx(10x107)

7
B, :(m—3)(2.2)+3.6x10‘5
10

= B, =22x10"+036x10"

= By =256x10" Wbm™

Hence, the correct answer is (C).



