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Chapter 15. Magnetism and Matter

I 0, and 0, be the apparent angles of dip
observed m two vertical planes at right angles
to each other, then the true angle of dip 0 1s
given by

(a) tan*0 = tan’0, + tan°0,
(b) cot*d = uut:H] - L:l.ﬂ:{‘]:
(¢) tan®0 = tan’0, = tan0,
(d) cot*0 = cot*0, + cot*0,

(NEET 2017)

A 250-turn rectangular co1l of length 2.1 em
and width 1,25 ¢m carries a current ol 85 nA
and subjected to a magnetic field ol strength
0.85T. Work done for rotating the co1l by 180°
against the torque 1s

(a) 4.55 ul (by 2.3 ul
(¢) LI5Sl (d)y 9.1 wl
(NEET 20.17)

A bar magnet 1s hung by a thin cottoy fheead in
a uniform horizontal magnetie field and 15 1n
equilibrium state. The energy required (o rotate
1t by 60715 I’ Now the (@rquesctpred to keep
the magnet in this new position is

W o YW 2W
@ 73 O B — @
(NEET-1I 2016)

The.magneticsusceptibility 1s negative for
(a) feromagnetic material only
(b) paramagnetic and ferromagnetic materials
(¢) diamagnetic matenal only
(d) paramagnetic material only
(NEET-1 2016)

A rectangular coil of length 0.12 m and width
0.1 m having 50 turns of wire 1s suspended
vertically in a uniform magnetie field of strength

(0.2 Weber/m=. The coil carries a current of

2 A Il the plane of the coil 15 mnelined at an
angle of 30% with the direction of the field,
the torque required to keep the coil in stable
equilibrium will be

(a) 0.24 Nm
(¢) 0,15 Nm

(b) 0.12 Nm
(d) 020 Nm (2015)

[Following ligures show igarangement of bar
magnets 1 different configurations. Each
magnet has magneticdipalémoment m . Which
configuration has ghest net magnetic dipole
moment”

H_
N S
(1) 2 I3 N
s N
N
30° .
_ 4) 2 A60°
: 3 N
(a) (1) (b) (2)
(€} (3) (d) (4) (2014)

A current loop 1n a magnetie field

(a) can be in equilibrium in two orientations,
both the equilibrium states are unstable.

(b) can be m equilibrium n two orentations,
one stable while the other 1s unstable.

(¢) experiences a torque whether the field 1s
uniform or non untform n all orientations.

(d) can be i equilibrium mn one orentation.
(NEET 2013)

A bar magnet of length /" and magnetic dipole
moment ‘A 1s bent i the form of an arc as
shown in figure. The new magnetic dipole
moment will be

(a) EM ﬁ
ﬂ .

[l
L

M M
(b) ? F:"'-,. ""‘r/
(c) M {@/
3
(d) EM (NEET 2013)

A bar magnet of magnetic moment M 1s placed
at right angles to a magnetic imduction B II' a
force /' 18 experienced by each pole ol the
magnel, the length of the magnet will be
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10.

11.

12,

13.

14.

(¢) MFIB

(b)y BFIM

(d)y FME
(Karnataka NEET 2013)
A compass needle which 15 allowed to move in a
horizontal plane 1s taken to a geomagnetic pole. It
(a) will become ngid showing no movement
(b) will stay mn any position
(¢) will stay in north-south direction only
(d) will stay in east-west direction only (20172)

A magnetic needle suspended parallel to a

magnetic field requires \/3] of work to turn it

through 60°, The torque needed to mamtain the
needle in this position will be

(@) 2437 (b) 31 (©) 3] (@ %J
(Mains 2012)
There are four light-weight-rod samples A, B,
C, D separately suspended by threads. A bar
magnet 1s slowly brought near each sample and
the following observations are noted
(1) A 1s feebly repelled
(11) B 1s feebly attracted
(11) C 1s strongly attracted
(1v) D remains unaltected
Which one of the following 1s true?
(a) B 1s of a paramagnetic material
(b) C s of a diamagnetic material
(¢) Dis of a ferromagnetic matertal
(d) A s of a non-magneticamateral (2011)
A short bar magnet of magneticmeoment 0.4 J'T!
1s placed in a uniformmmagmetic held of 0.16 T,
The magnet 1s i stable equilibrium when the
potential energyis
(a) 0.064 1
(¢) zerg

(by —0.064 1]
(d)y —00821]

(Mains 2011)
lilcelromagnets are made of soft 1ron because
solt ronhas
(a) low retentivity and lagh coercive force
(b) high retentivity and high coercive force
(¢) low retentivity and low coercive force
(d) highretentivity and low coercive foree (2010)
A vibration magnetometer placed in magnetic
meridian has a small bar magnet. The magnet
executes oscillations with a time period of 2 sec in
earth’s horizontal magnetic field of 24 mucrotesla.
When a horizontal field of 18 microtesla 1s
produced opposite to the earth’s field by placing a
current carrying wire, the new time period of
magnet will be

16.

17.

18.

19.

20).

21.
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(a) 1s
(c) 3s

(b) 28
(d) 4s 2010)

The magnetic moment of a diamagnetic atom 1s
(a) much greater than one

(b) 1

(¢) between zero and one

(d) equal to zero (Mains 2010)

Two identical bar magnets are fixed with thewr
centres at a distance d apart. A stationary charge
() 1s placed at P in between the gap of the two
magnels at a distance D [vom the centre O as

shown mn the figure
i

¢+ 5

The force amvthe charge O 1s

(a) zera

(b) directedalong OF

{g) directed along PO

() direeted perpendicular to the plane of paper
(Mains 2010)

IFa diamagnetic substance is brought near the
north or the south pole of a bar magnet, 1t 1s
(a) repelled by the north pole and attracted by
the south pole

attracted by the north pole and repelled by
the south pole

(¢c) attracted by both the poles
(d) repelled by both the poles

A bar magnet having a magnetic moment of
2=« 10V J'T" 15 free to rotate mn a horizontal plane.
Ahorizontal magnetic lield =6 = 107 T exists
i the space. The work done in taking the magnet
slowly from a direction parallel to the field to a
direction 60° from the field 1s

(b)

(2009, 1999)

(a) 12J (b) 61l (¢) 21 (d) 0.6
(2009)

Curie temperature above which

(a) paramagnetic  matertal  becomes
ferromagnetic material

(b) ferromagnetic  material  becomes
diamagnetic matenal

(¢) ferromagnetic material  becomes
paramagnetic material

(d) paramagnetic  materital  becomes

diamagnetic matenal 2008, 2006)

Nickel shows ferromagnetic property at room
lemperature. If the temperature 15 increased
beyond Curie temperature, then 1t will show
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22.

23.

24.

26.

27.

(a) ant ferromagnetism
(b) mo magnetic property
(¢) diamagnetism

(d) paramagnetism. (2007)

A charged particle (charge ¢) 1s moving n a
circle of radius B with uniform speed v. The
associated magnetic moment W 15 given by
(a) gvR* (b) gvR-/2

(¢) gvR (dy gvR/i2.  (2007)

It the magnetic dipole moment of an atom of
dhiamagnetic matenal, paramagnetic material and
lerromagnetic matenial are denoted by [y, 1, and
K, respectively, then

(@) pgy=0and p, #0

(b) pg#0and p, =0

() Hy=0and p,#0

(d) py# 0and pe# 0. (2005)

A coll 1n the shape of an equilateral triangle of
side { 1s suspended between the pole pieces of
a permanent magnet such that B isin plane of
the co1l. If due to a current 7 in the tnangle

a torque T acts on i, the side / of the trangle 1s

. 1/2
2
(b) {\Efﬁ]

W
(d) ﬁ Bi (2003)

% %
@ )
) T 1/2
v

A diamagnetic matenal in a magnetie figld moves
(a) [rom stronger to the weaker parisolthe field
(b) from weaker to the steonger parts of the field
(¢) perpendicular to the field

(d) 1 none of the abowe directions

()

2003)

According to @rie’s law, the magnetic
susceptibility of'a substance at an absolute
temperature ! issproportional to

(@ VI (b) 7

(c) WP d) 72 (2003

A barsmagnet 1s oscillating 1n the Earth's
magnetie field with a period 7. What happens
to 118 perniod and motion 1 1ts mass 1s quadrupled 7

28.

29,

30.

31.

32,

33.

34.

(¢) motion remains S H.M with ime period =47
(d) motion remaimns S.H.M and penod remains
nearly constant (2003, 1994)

Two bar magnets having same geometry with
magnetic moments M and 204, are firstly placed
in such a way that their similar poles are same
side then its time period of oscillation 1s 7, Now
the polanty of one ol the magnet 15 reversed then
time pertod of oscillation 1s 75, then

(a) 1) <13 (b) 71 =15

() T} >15 (d) Ty=e (2002)
Among which the magnetie susceptibility does
not depend on the termaperatinge?

(a) diamagnetism (b} paramagnetism
(¢) lerromagnetism (d) fermte. (2001)

Tangent galwanometer 1s used to measure

(a) petential dilference (b) current

(¢) resistAnce (d) charge. (2001)

Asbarmiagriet of magnetic moment M, 1s placed
imea. magnetic field of induction B. The torque
exerted on 1t 1s
@ M * B
©) M

(b) ~M B

M B (d) =B * M (1999)

For protecting a sensitive equipment from the

external magnetie field, 1t should be

(a) surrounded with fine copper sheet

(b) placed inside an 1ron can

(¢) wrapped with msulation around i1t when
passing current through 1t

(d) placed mside an alumimium can.  (/998)

A bar magnet of magnetic moment A/ 1s cut into
two parts of equal length. The magnetic moment
of each part will be
(a) M (by 2\ (d) 0.5 M

(1997)

(¢) zero

The work done in turning a magnet of magnetic
moment M by an angle of 90° from the mendian,
1s n times the corresponding work done to turn 1t
through an angle of 60° The value of n 1s given by

( Answer Key

(a) motion remains simple harmonic with time
period = T/2
(b)Y motion remains S ILM with time pernod
=2T
1. @ 2 @@ 3 ® 4 ) 5 @
1. (& 12, (@) 13. (b 4. (¢) 15 (d)
21. (d) 22. (d) 23. (a) 24. (b) 25. (a)
31. (a.d)32. (b) 33. (d) 34. (¢

6.
16.
26.

(a) 1/2 (by 1/4 (¢) 2 (d) 1.
(1995)

b

J

(¢) 7. (b) 8 (d) 9. (a) 10. (b)

() 17. @ 18 () 19. (by 20. (¢)

(@) 27. (b) 28. (a) 29. (a) 30. (b)
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. (d):Let B, and B be the honzonal and vertical
components ol earth’s magnetic hield B. Since 0 1s
the angle ol dip

B B
tan0 == or cotO =1L (1)
H By

Suppose planes 1 and 2 are two mutually perpendicular
planes and respectively make angles 0 and 90°- 6
with the magnetic mendhan. The vertical components
ol earth’s magnetic [1eld remamn same 1 the two
planes but the effective horizontal components in the
planes will be

B, =B, cos0 and B, =B, smn 0
The angles of dip 0, and 0, i the two planes are
given by

Plane 2

l F
Magnetic
meridian

-

By, cos Plane 1
tan() =i
| BI
B
tan®; = ———
BH cost)
By sinf) ”
or cotl, =—H- - (1)
By
. Bipsml "
Similarly, cott), :-—'Qﬁ;-— .(111)
From eqns. (@iyaid (i)
2 2
. B . B
cot™ Oy & eot” O, = ",“: {cusz 0 + sin” g)= "L;'
By By

cot” 0, + cot” 0,= cot” O

2. (d): Work done 1n a col
W=mb (cos O —cos 0,)

When it 15 rotated by angle 180° then
W=2mB=2(NAB A1)

Given: N=250./=85uA=85x 10° A
A=125%x21x10"m*=25 x 10 m’
B=085T

Putting these values in eqn. (1), we gel
W=2x250x85x10%%25x 10" x 085

=91x10°I=9.1ul

[from eqn. (1)]

3. (b) : At equilibrium, potential energv of dipole
U =-MB,

I'inal potential energy of dipole,

. . MBy
f..}= —.-"l*ffi”uu:-i 60" = - 5

e e g MBy _MBy
==, =~ -MBp == (i

Required torque, T=MB, sin 60°

3
2

T=2W %

= 3w

4. (¢) : Magnetic susceptibility 15 negative for
diamagnetig-material only,

|Using eqn. (1)}

5. (d) : Thetegured torque 1s T = NI4Bsinb
where N 18 the-nmumber of turns 1 the coil, 7 1s the
curreft through the coil, B is the uniform magnetic

| held, 47s the area of the coil and 0 is the angle

between the direction of the magnetic field and normal
to the plane of the coil.

| Hére, N=50.1=2A.4=012m = 0,1 m=0012 m?

B =02 Wb/m" and 6 = 90° - 30° = 60°
= (502 A)0.012 m*)(0.2 Wh/m?) sin60°
=0.20 Nm
6. (c): The direction of magnetic dipole moment 1s
from south to north pole of the magnet.
In configuration (1),

A
= —\/ i 2+2 cos90°
1 My =M™ +m HICO!
2 2]
1 » =vm*+m* =2Jm
i
In configuration (2),
I
e S s
—_— M, =m-m=1U
Fid

In configuration (3),

2 2
,”llt}[ =sm +m + ZHHH COh Sﬂﬂ

— =\{2n?3+2ml[£]=nh.|'2+ﬁ
m E

In configuration (4),

30°

3 il
Myey = \/ m=+m= + 2Zmmcos 60°

o = \/Enrz +2m? (%) = m3

m
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7. (b) : When a current loop 1s placed n a magnetic

field 1t expenences a torque. It 1s given by
t=MxB

where, M is the magnetic moment of the loop and B

18 the magnetic field.

or T=MB sm 0 where 0 1s angle between M and B

When M and B are parallel (i.e. 0=0°) the equilibrium

1s stable and when they are antiparallel (1.e. 6 = m)

the equilibrium 1s unstable.

8. (d): Let m be strength of each pole of bar magnet
ol length /. Then

M=m=xl 4(1)
When the bar magnet is bent in the form of an arc as
shown 1n figure

Then ﬁ
| = -g-x s EEF % :/
L -'; ;
3l ©/
or r=—

s
New magnetic dipole moment
M =m = 2rsin 30°
3 1 3ml 3IM

= XX —X—
w 2 | T

(Using (1))

9. (a)

10. (b) : A compass needle which 1s allowed (o move
in a horizontal plane 1s taken toa.geomagnetic pole.
[t will stay 1n any position as théhonzontal component
of earth’s magnetic held becomes zero at the
geomagnetic pole.
11. (b) : Work done in ehanging the orientation of a
magnetic needle of magneétic moment M i a magnetic
ficld B frompasitionsd , 1o 0,15 given by

W =i B(cos0 =cosb,)
Here, 6, =08, Q3= 60°

1} MB
-MB{1-3 )= <
The torque on the needle 1s
T=MxB
In magmtude,
E (11)

T=MBsin0d = MBsin6(" =?MB
Dividing (11) by (1), we get

Z_\3

W

t=\3W=y3x3]=3]

12. (a) : Diamagnetic will be feebly repelled,
Paramagnetic will be feebly attracted.
Ferromagnetic will be strongly attracted.
Therefore, A 15 of diamagnetic matertal. B 1s of
paramagnetic material. (' 1s of ferromagnetic maternal.
D) 15 of non-magnetic material.
13. (b) : Here, Magnetic moment, Af=0.4 J T
Magnetic field. =016 T
When a bar magnet of magnetic moment 1s placed in
a uniform magnetic field . its poléntial energy 1s
U =~-M-B=-MBcos
For stable equilibrium, 0.= 0%
[/=-MB=—041T)0,16"T)=-0.064 ]

14. (c) : Electromagnets are made of soll iron becausc
soft iron has low rétentivity and low coercive force
or low coeretvity, Soft iron 1s a soft magnetic material.
15. (d) ¢ Thedime period T of oscillation of a magnet
is glven by

[ 1
=21, |—
£ MB

where.

I'= Moment of inertia of the magnet about the axis
of rotation

M = Magnetic moment ol the magnet

B = Uniform magnetic field

As [, B remams the same

TML ar E ﬁ

VB T, \B

=

According to given problem,

B, =24 uT
B,=24 uT - 18 uT=6 uT
i"'] =25
(24 ul)
I5=(25) —= =4
: (61T

16. (d): The magnetic moment of a diamagnetic atom
15 equal to zero.
17. (a) : Magnetic hield due to bar magnets exerts
force on moving charges only. Since the charge 1s al
rest, zero force acts on 1t.
18. (d) : A diamagnet 1s always repelled by a mag-
netic field. Therefore 1t 1s repelled by both the north
pole as well as the south pole.
19. (b): Here M=2x 100 I T!

B=6x10"T, 8,=0° 0,=60°
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W= MB(cosO, — cost,) = MB(1 - cos607)
l
W=2x 10" x 6 x 10 [l—q]wﬁ.r.

-

20. (c): At Curie temperature, there is a change [rom
[erromagnetic to paramagnetic behaviour. Above this
temperature, the paramagnetic substance obevs Curie
Weiss law, even those resistances which are not
ferromagnetic but only paramagnetic also obey Curie
Weiss law above the Curie temperature only.

21. (d) : Above Curie temperature. ferromagnetic
material become paramagnetic.

22, (d) : Magnetic moment u = [

Since T=2 Also, J=9-9"
I T 2nR
qv 2. (VR
=| — [(MR" )= ——.
H [ZER]{ : 2

23. (a) : Matenals with no unpaired, or 1solated
electrons are considered diamagnetic. Diamagnetic
substances do not have magnetic dipole moments

and have negative susceptibilities. However, matenals |

having unpaired electrons whose spins do not cancel

each other are called paramagnetic. These substances

have positive magnetic moments and susceptibilities.
Hg=0, W, # 0.

24. (b) : The current lowing clockwise in the equilateral

triangle has a magnetic field in the direcfion £

T = BiNAsin@=af} i4s1n90°
£

T=8Bix . (area of equilateral triangle
- gﬁ’} (as 1t appears that N = 1)
112
41 7 T
=I* = =2 ;

& 55)
25. (a)
26. (a) : According to Cune’s law X < LT

27. (b) : Imtial mass of the magnet (71,) = m and final
mass of the magnet (m,) =4 m. The time period

201

Therefore E = =
1,

or I5=21 =11
28. (a): s N N 5
[ . ] >
L ® o
) N ) N
[I} M= .‘1-!; . i f]”: {‘it] "I-J — :"1'.’{1 = .-"1.[':
Ir=|'r1+l’: I:"':h""."j

(1) Similar poles are plaged at the same side (sum
position)

(11) Opposite poles are placed at the same side
(difference position)

I, and I, ave thesmements of inertia of the magnets
and M, and M5 are the moments of the magnets.
Hereddy =Mand M,=2M I, =1,=1(say), lor same
geomelTy.

. I +1, 3]
= I = =2
2 ““J(M, +MDH TN +2M)H
for same position.

s L+, 21
G 2“\/{% “M)H 2“\/(2:»1 —M)H
for dufference position,

o }T?:;':'-J;%::}*E{]. T|{T}
29. (a)

30. (b) : /=K tanp

31. (a, d)

32. (b)

33. (d) : Magnetic moment = pole strength = length
S MT=M2=05M
34. () : Angle of magnet (0) = 90° and 60° Work
done in turning the magnet through 90°.

(W) = MB(cos 0° = cos 90°) = MB(1 - 0) =MB.
Similarly

|
”'-3 = MB(cos (Y = cos 60" = Mﬂ[ | —-;]

_MB
x
Thereftore W,=2W,orn=2
®
&
%
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