A naturally occurring ore of iron, magnetite actracts small pieces of iron towards it. The
phenomenon of attraction of small bits of iron, steel, cobalt, nickel, etc., towards the
ore, is called magnetism.

MAGNETISM AND
MATTER

| TOPIC 1|
Bar Magnet and Magnetic Dipole

A magnet is a material or an nhjcct that pmduccs a magnetic field. The

magnetic field is invisible but is responsible for most notable property of a ¥ CHAPTER CHECKLIST

magnet. * Bar Magnet and Magnetic
Magnets are of two types Dipole

(i) Narural magnets (ii) Artificial magnets * Magnetic Properties of
Natural magnets are generally irregular in shape and weak in strength. On the Materials

other hand, artificial magnets have desired shapc and desired sl:n:ngth. A bar
magnet, a horse shoe magnet, compass needle, etc., all are the examples of
artificial magnets.

Some cummonh' known ideas about magnerism are given below

(i) The carth behaves as a magnet with the magnetic field pointing
approximately from the geographic South o North.

(ii) When a bar magnet is susptndtd frctl}', it points in the North-South
direction. The tdp of the magnet which points to the geographic North
is called the North pole and the tip which points to the geographic
South is called the South pole of the magner.

(iii) There is a repulsive force, when North poles (or South poles) of two
magnets are brought close together. Conversely, there is an attractive
force between the North pole of one magnet and the South pole of the
other.



(1v) It 1s pussihl: to make magnets out of iron and its
allo}rs_ When a piece of a substance, such as soft iron,
steel, cobalt, nickel, etc., is placed near a magner, it
acquires magnetism.

THE BAR MAGNET

The bar magner has two poles similar to the positive and
negative charges of an clectric dipole. One pole is
clcsig,nan:d as North pu]e (N) and the other as South Po]e
(5). When a bar magnet is suspended freely, these poles
point approximately towards the geographic North and
South poles, respectively.

Like magnetic poles repel cach other and unlike magnetic
pa]es attract each other. If a bar magnet is droppcd into a
pile of iron-filings, then the maximum amount of filings ger
deposited near the ends of the magnet and almost nil in the

middle.

The pattern suggests thar artraction is maximum at the two
ends of the bar magnet. These ends are called poles of the
magnet. The poles of a magnet can never be separated.

Magnetic Length of a Bar Magnet

The distance between two poles of a bar magnet is known as
magnetic length of a magnet. Its direction is from S-pole of
the magnet to N-pole and is represented by 2/, It is
sometimes also known as effective l:ngth (L,)of the magnet
and is less than its geometric length {Ls ).

For a bar magnet, [ = [%J L! .
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Bar magnet

EXAMPLE |[1]| Consider a short magnetic dipole of
magnetic length 20 cm. Find its geometric length.

Sol. Geometric length of a magnet is-;: times its magnetic
length.

6
- Geometric length = < x 20

=24cm

EXAMPLE |2| A thin bar magnet of length 4L is bent at

the mid-point, so that the angle between them is 60°.

Find the new length of the bar magnet.

Sol. On bending the bar magnet, the length of the bar
magnet,

AC = AO+0C = 2Lsin [ﬂ]+ 2Lsin ["i]
2 2

=4Lsin30"=4L Xl =2L
2

The Non-existance of Magnetic Monopole

We cannot isolate the North or South pn|: ofa magnet, i.c.
magnetic poles exist in pairs. If a bar magnet is broken into
two halves, we get two similar bar magnets with somewhat
weaker properrics.  Unlike electric  charges, isolated
magnetic North and South poles are known as magnetic
monopoles which do not exist.

LN L

s| v s]

If a bar magnet is broken, each piece
behaves as a small magnet

CHERE

Pole Strength

It is defined as the strength of a magnetic pole to attract
magnetic materials towards ieself. It is a scalar quantity and
its 51 unit is ampere-metre (A-m). The strength of N and
S-pole of a magnet is conventionally represented by + m and
= m, respectively. It depends on the nature of material and
arca of cross-section of the magnet.

Strength of N and S-pole of a magnet is always equal and
opposite (+m and = m).

Force between Two Magnetic Poles

The force of attraction or repulsion F between two
magnetic poles of strengths m, and m, separated by a
distance r is directly proportional to the product of pole
strengths and inversely proportional to the square of the
distance between their centres, i.c.

mym, mn»
Foaml22 or FolK—12X
r-

where, K is magnetic force constant.



In 51 unit,

K=2=107WbA~' m™
4m
where, | is absolute magnetic permeability of free space
(air/vacuum).
F =t mm; o
4 °

This is called Coulomb’s law of magnetic force. SI unit of
magneric puh: srr:ngth is ampere-metre.

Suppose
and F=107N

my=m,= msay), r=1m

From Eq. (i), we have
(m) ()
1—}

or m=11A-m

107 =107 x

2
or m-=1

Therefore, strength of a  magnetic pole is said to be
one ampere-metre, if it n:ptls an cqual and similar |:||:|-|c,
when placed in vacuum (or air) at a distance of one metre

from it, with a force of 1077 N.

EXAMPLE |3| Two poles one of which is 5 times as
strong as the other, exert on each other a force equal to
0.8 % 10~ kg-wt, when placed 10 cm apart in air. Find the
strength of each pole.
Sol. Let m and 5m be the pole strength of the two poles.
Here, F =0.8x10"kg-wt = 0.8x10™" x9.8N,

r=10cm=0.1m

Mo MMy

am
—7
_ 10 = m = 5m
=08x 107" X 98= —————
{0.1)
— ] m=1252 A-m
and S5m=5x1252 A-m =62.6 A-m

EXAMPLE |4| Two identical magnets with a length
100 cm are arranged freely with their like poles facing in a
vertical glass tube. The upper magnet hangs in air above the
lower one so that the distance between the nearest poles of
the magnet is 3 mm. If the pole strength of the pole of
these magnets is 6.64 A-m, then determine the force
between the two magnets.

Sol. Given, pole strength, m = 6.64 A-m

r=3mm=3x10"m

Since, far:e,F=u—"x—m'T2
41 r
Ho  om
F=Exr—z [ m1=mz-m]
664)°
=J-l_.]x (664)

an  (3x107)

4u =107 440896
= X —=10"" x 48988
4n 9% 10

=049N

MAGNETIC DIPOLE

A magnetic dipnle Is an arrangement of two magnetic pul:s
of tqual and opposite str-:ngths (=rm, + m) scparat:d h:-,r a
small distance. e.g. A bar magnet, a compass needle, etc., are
magnetic dipal:s.

The two poles of a magnetic dipole (or a magnet), called
North pole and South pole, are always of equal strength and
nfuppusit-: nature. Further, such two magnetic pul-:.s alwa:-,rs
cxist in pair.

Magnetic Dipole Moment

It is the pru-duct of the str:ngth of either pulc and the
magnetic length of the magnet. It is represented by M.

=m_ M=  +m

P—ZI—N-I
The direction of magnetic dipnlt moment is same as that of
21. Therefore,
M=m(2])

SI unit of magnetic dipnh: moment 1§ s|m1:|u:n:~-ml:'tn:2

(A-m*)

EXAMPLE |5| A magnetic wire of dipole moment
4m A-m? is bent in the form of semicircle. Find the new
magnetic moment.
Sol. If length of wire is 2/ , then magnetic moment
M=mx2l=4n A-m*
As wire is bent in the form of semicircle, effective
distance between the ends is 2r.

So, new dipole moment

|given]

|
M=mxZr=mx2x—=
b1



EXAMPLE |6| The length of a magnetised steel wire is/
and its magnetic moment is M. It is bent into the shape of
L with two sides equal. What will be the new magnetic
moment?

Sol. If mis strength of each pole, then magnetic moment
M=mxl

When the wire is bent into L shape,
effective distance between the poles

R

. New magnetic moment,
M'=mx LM
V2
Magnetic Field Lines

The magnetic field lines are a visual and intuitive realisation
of the magnetic field. The magnetic field lines in a magneric
field are those imaginary lines which continuously represent
the direction of the magneric field. The tangent drawn at
any point on magnetic field line shows the direction of
magnetic field at that point.

2

[ will remain unchanged]

Properties of Magnetic Field Lines
Important properties of magnetic field lines are given below

(1) The magnetic field lines of a magner (or a solenoid)
form continuous closed loops. This is unlike the
clectric dipole, where these field lines begin from a
positive charge and end on the negative charge or
escape to infinity.

(ii) The rangent to the field line at a given point
represents the direction of the net magnetic field B ar
that point.

The field lines of (a) a bar magnet, (b) a current carrying finite
solenoid and (c) an electric dipole. At large distances, their field
lines are very similar. The curves labelled (i) and (ii) are closed to
Gaussian surfaces.

(ii1) The |argcr the number of field lines crossing per unit
area, the stronger is the rna.gnituclc of the magnetic

ficld B.

(iv) The magnetic field lines do not intersect, for if they
did, the direction of the magnetic field would not be

unique at the point of intersection.

MAGNETIC FIELD STRENGTH AT A
POINT DUE TO A BAR MAGNET

The strength of magnetic field ar any point is defined as, the
force experienced by a hypothetical unit North pole placed
at thar point. It is a vector quantity. The direction of
magnetic field B is the direction along which hypothetical
unit North puh: would tend to move, if free o do so.

We I'I.'I.\-"C LISCIEI. tI.'!.C WCIIEI. I'I},PPDIIJ.CI.'IC.'I.I. unit NEH’I‘I PDIE n tl'!.:

ﬂIJD\-"C CI]SL'I.'I.SSID" I}CC.'I.I.ISC an ISDI.'H.'CCI I11.'I.EI1C['IC PCII.C dDCS not
eXISE.

When Point Lies on Axial Line
of a Bar Magnet

Let 2/ be the magnetic length of a bar magnet with centre O,
The magnetic dipole moment of the magnet is M, where
M =m »x2[,0P = d, is the distance of the point P on the
axial line from the centre of the magnet. If m is the strength
of each pole, then magnetic field strength at P due to
N-pole of magnet is given by

5 N
D SO W .
m m__d |
@+ '
®1
l=”'_°>< " . Mo _m 5 along NP produced.
4t (NP 4m (d =D

Magneric field srn:ngrh at P due wo .‘i—poh: of magnet is
given h.\,r

Ly, mx1 My om .
=—x , along P8 produced.
2T4n (P 4m (d+1)° il
. Magnetic field strcngth at P due to the bar magnet
B=B -B, o.M Mo _m
4m {a‘ n? 4!: (d +0)?°

1
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(a=b)(a+ &)
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_ WgmAld  pg(mx20)2d
Am(di=1%*  4m(d*-=1%)*
Mo 2Md .

When the magnet is short, 1* << a'}', such that /7 is
neglected.

_My 2Md

T 4n d_‘

Wy 2M
B="2."—
;

The direction of B is a|nng NP pn:u:luc:d_

EXAMPLE |7| What is the magnitude of the axial fields
due to a bar magnet of length 5 cm at a distance of 50 cm
from its mid-point? The magnetic moment of the bar
magnet is 0.40 A -m®.

Sol. Given, magnetic length of bar magnet, 2 =5cm
= [=25cm=25%x10"m
Distance, d = 50cm = 05m
Magnetic moment, M = 040A-m?

_My _2Md
4m (d* -1*)p
_ Wy M
Tan 4
107 x 2% 040
ITES

[l ==d]

=64 %107 T

When Point Lies on Equatorial Line
of a Bar Magnet

In the given ﬁgurc, the point P is shown on cquatnria] line
of the same bar magnet, where OP = d. Magnetic field
strength at P due to N-pole of magner is

B,

_ Ky m X1 _ Ky m

an o dn @iy none N produced

Magnertic field strength ar P due to S-pole of magner is
_Hy mx 1 _Ho m
Ta4n (SP)? 4R (dP+1Y)

along PS produced.

As B, = B, in magnitude, their components B, sin 6 along
ar pmduccd and stin'ﬂ' alang PO will cancel out.
However, components along PX paral|c| to NS will add.
Therefore, magnetic field strength ar P due to the bar
magnet, B = B, cosB+ B, cosl =2 B, cosB, along PX.

],I,u, m w ! 0 !
" CDs =
T (d*+ %) [a*+ 1 NFEE

_ M mx 2!
- 4“ {d'2+ fl}}fl

Ly M
= g=to. 2
[ 47 {d2+12]5;2]

If the magner 1s shorr, {? << dl, such that /% is ncg|cctcd.
_Bo M

o M

4 4°
_Ho M

4m g3
The direction of B is along PX, a line parallel to V5.

Note From the formulze of magnetic field due to a bar magnet at a
point in axial position and at a point in eguatorial position, it is clear
that magnetic field due to a short bar magnet at any point on the
awial line of magnet is twice the magnetic field at a point at the same
distance on the equatorial ling of the magnet.

=

EXAMPLE |8| Determine the magnitude of the
equatorial fields due to a bar magnet of length 6 cm at a
distance of 60 cm from its mid-point. The magnetic
moment of the bar magnet is 0.60 A-m?.
Sol. Given, magnetic length of bar magnet, 2/ = 6 cm

= I=3em=3%10"m

Distance, d = 60cm = 0.6 m

Magnetic moment, M = 0.60 A-m*

Magnetic field, B= Heo M

= KM [l << d]

_4m X107 %060

=27x107 T
3
41 = (06)



Bar Magnet as an
Equivalent Solenoid

The magnetic field lines for a bar magnet and a current
carrying solenoid resemble very closely. Therefore, a bar
magnet can be thought as a large number of circularing
currents in anah:l-gy with a solenoid.

Cutting a bar magnet in half is like cutting a solenoid. We
get two smaller solenoids with weaker magnetic properties.
The field lines remain continuous, emerging from one face
of the solenoid and entering into other face.

One can test this a.nah:rgy |:|_1,r moving a small compass needle
in the neighbourhood of a bar magnet and a current
carrying finite solenoid and noting that the deflections of
the needle are similar in both the cases.

To prove mathematically that magnetic field produced by
a solenoid on any point on the axial line is same as that of
a bar magnet. This analogy betrween bar magner and
solenoid can be shown by calculating the magneric field at
an axial point of solenoid which resembles to that of a bar

IIIE.EIIC['.

Let ¢ be the current passing through a solenoid, a be the
radius of solenoid, 2/ be the length of solenoid and n be the

number of turns per unit length of solenoid.

..............................
_____________________________

Let P be the point at distance r from centre at which
magnetic field is to be calculated. Consider a small element
of thickness dx of the solenoid at a distance (x) from the
centre (.
MNumber of turns in the element = » dx
The magnitudc of the field at point P due to the circular
clement is given by
_ Wgiat(ndy)
2[{]_ _ x}ﬁ + a_’]_’l-.l'_?

...(1)

If P lies at a very hrg: distance from O, i.e. r>>> g and

reEox, thn:n[[;r—x_‘]2 +Js:2]5Ir2 =p?

Ly ia’ndc
2,3

Tortal magnetic field ar point P due to current carrying
solenoid.

dB = ..

‘H:j.l.i:lwr';a2 J”zfr

25t =~

[ range of variation of x is from =/ to+/]

. 2 . 2
Wgne a + MUHgma
=—7x]_; =———1(21)
r’ (= 2r?
W, 2n(2)ina’ G
= o
4n .

If M is the magnetic moment of the solenoid, then
M = Total number of turns ¥ Current

¥ Area of cross-section
M=n(2)xixma®
2M
—1 B=""_ﬂ_ 3
41T r

This is the expression for magnetic field on the axial line of
a short bar magnet.

The magnetic moment of bar magnet is thus cqua| to the
magnetic moment of an cquiv:-ﬂcnt solenoid thar pn:rduc:s
the same magnetic field.

TORQUE ON A MAGNETIC
DIPOLE IN A UNIFORM
MAGNETIC FIELD

When a bar magnet is placed in a uniform magneric field,
torgue acts on the magnet., Also, magneric putcntial energy
is associated with the magnet due to its orientation as

discussed below.

In the figure below, a uniform magnetic field B is represented
h}r cquidisra.nt para]l:l lines. VS is a bar magnet of ll:ngth 2!
and strength of cach pole is m.

The magnet is held at £ 6 with the direction of B,

/s
/A
M //// s

me—S¢A8____ A

Bar magnet in a uniform magnetic field

Force on N-pole = mB, along B
Force on S-pole = mB, opposite o B



where, m = strengeh of cach pole and

and

These equal and unlike forces form a couple which tend o
rotate the magnet clockwise, so as to align it alung B.

B = strength of magneric field.

Torque acting on the bar magnet,
T = Force x Pcrpcndil:ula.r distance

= T=mhB x NA
NA NA
In ANAS, sinB=—=——
NS 2
e NA=2/sinB
NDW, szﬂ ><2.f Sil'l Bzﬂximzf}ynﬁ
-

In vector form, [t=M xB

The direction of T is pcrp:ndicu|ar to the pl:m: containing
M and B and is given by right handed screw rule.

When B=1 and 6=90°,
then T=Mx1sin 90° =M
Hence, we may define magnetic dipole moment as the

torque acting on a dipulc held p:rpcndicular to a uniform
magnetic field of unit .strcngrh.

Unit of M is unit of T divided hy unit of B. Therefore, 51
unit of M is joule per tesla (] T_j}.

EXAMPLE |9] A straight solenoid of length 50 cm has
1000 turns per metre and a mean cross-sectional area of
2x10~™* m®. It is placed with its axis at 30°, with a
uniform magnetic field of 0.32 T. Find the torque acting on
the solenoid when a current of 2 A is passed through it.
Sol. Given, | =50cm
Number of turns per metre = 1000
1

.. Total number of turns (N') = 1000 x E = 500
Area, A = 2x107 ' m*

Current, [ = 2A

Magnetic field, B =0.32T

- Torque, T= MBsin@ = (NIA) Bsinf

1
=500 2x{2x107")x032x =
2

= 0032 N-m

EXAMPLE |10] A bar magnet when suspended

horizontally and pei‘pendicula: to the earth's magnetic field
experiences a torque of 3 x 10~ N-m. What is the magnetic
moment of the magnet? Horizontal component of earth’s
magnetic field at that place is 0.4 x 107 T.

Sol. Given, 8=90°1=3x10""N-m
and B=04x10"'T
Since, torque T= MBsinf

Me—t o 3x107"
" Bsin® 04x10™sin%°
=7.5]T™"

Oscillations of a Freely Suspended
Magnet

The torque acting on the bar magnet makes it oscillate in
the uniform magnetic field.

Since, In cqui|ihrium, T==MBsinh
Torque acting on a hud)«'. T=Jo

where, [ = moment of inerda
and o = angular acceleration,
Now, Jo. =—MBsinf [ T=Jot]
d0 d’0
I — ==MEsin 0 = =
At e

In the above cquartion, negative sign with MB sin 0 indicates
that restoring torque is in the opposite direction to the
deflecting torque. For small values of 8 in radians, sin 6 = 6.

= { % ==MB6
d’® -MBo i
= —_= LD
dr? {
On comparing the Eq.(1) with equation of SHM, ie.
d 2x 2 . d 29 3
— =-@'xorin angular terms, —=-w"0
dr 2

We can say that, the oscillations of a freely suspended
magnet (magnetic dipnl:} in a uniform magnetic field are
simple harmonic,

,  MB {ME
0 =— or m=,|—
/ {

n
So, the time period of oscillations, T =—
w
|’ 7
= I=2n,|—
ME
4mn’r
or B= -
MT~

where, / = moment of inertia about the axis of the magnet
M = magnetic moment

and K= magnetic field intensity.



EXAMPLE |11| A magnetic needle is free to oscillate in
a uniform magnetic field as shown in figure. The magnetic
moment of magnetic needle is 7.2 A-m? and moment of
inertia I =6.5 %10 kg-m®. The number of oscillations

performed in 5s is 10. Calculate the magnitude of magnetic
field.

Sol. Here T = Number of revolutions _ i
Time taken 10

M=72A-m", [ =65%107" kg-m”

I . 1
As, T= 21'1:1’— or T =an"—
ME MB

The magnitude of the magnetic field is
_4mt] 4 x(3.14)° x65x107°
T MTE 7.2%(0.5)°
=142x107° T

POTENTIAL ENERGY OF A
MAGNETIC DIPOLE IN A
UNIFORM MAGNETIC FIELD

When a magnetic dipnlc of moment M is held ar an anglcﬂ
with the direction of a uniform magnetic ficld B,

the magnirud: of the torque acting on the dip|:|-|c is given hy
T=MBsinb

This torque tends to a|ign the dipolt in the direction of the

field. Work has to be done in rotating the dipﬂl: against the

action of the magnetic torgue. This work done is stored as

put:ntia] encrgy of the dipnlc.

Now, a small amount of work done in rotating the dipole

through a small angle 4 8,
dW =1d08=MEsinb-40
Total work done in rotating the dipu|c from@ = ﬁ'n wh =8,
8 8 . ]
W= jﬂndW - jﬂn MBjsin 040 = MB[—cos8]5,

= W = =MB[cosB —cosb ;]
*. Potential energy of the dipolc,

U =W ==MB(cosB = cosf, )
Let us assume that, 8, =90°

U =W ==MBEB(cosB = cos90°)

[J==MEcosb

In vector notation, we may rewrite this equation as

Therefore,

Particular Cases
(i) When 6 =907,
[ ==MREcosh
==MBcos90°=10
ie. when the dipole is perpendicular to magnetic
field, its pot:ntial energy is zero.
(ii) When 8 =0° [ ==MB cosf
==MBcos0°=-MRE
i.c. when the magnetic dipole is aligned along the

magnetic field, it is in stable equilibrium having
minimum PDtCIll‘i.'ll energy.

(111) When 8 =180°% IV ==MBcosh
==MRBcos180°= MR

which is maximum. This is the position of unstable

equilibrium.

EXAMPLE |12] A circular coil of 100 turns and have an
effective radius of 5 cm carries a current of 0.1 A. How
much work is required to turn it in an external magnetic
field of 1.5 Wb/m® through 180° about an axis
perpendicular to the magnetic field? The plane of the coil
is initially perpendicular to the magnetic field.
Sol. Given, number of turns, N =100
Radius, r = 5em = 005m
Current, I =01 A
Magnetic field, B=1.5 Wh/ m®
8, =0°.8, =180
Area, A = ir* =3.14(0.05)° m*
. Required work done, W = —MB{cos8, — cos8,)
= —{NIA)B(cos 8, —cos@))
=—100x0.1x3.14 {ﬂ.05}2 1.5 (cos 180°—cos07)
= —10%3.14(0.05)° x15(—-1—1)=0.24 |

THE ELECTROSTATIC ANALOG

The magnetic dipole moment of a bar magnet is given by
M=m(2l)
where, m = strength of each pole

and 21= |cngth of the dipnlc.

The magnetic dipole is analogous to an electric dipole
consisting of two cqua| chargcs of opposite signs (4]
scp:-l.ratcd b}-’ a certain distance (2a). It has an electric dipﬂlc
moment, Le. p=g(2a)

The equations for magnetic field B due to a magneric dipole
can be obrained from the equations of electric field E due to

an electric dipole by making the following changes,
E—B, p>» M



4me 0 4m Ey
Thus, for any point on axial line of a bar magnet at a
distance d(d > >>{) from the centre of magnet.
_ My 2M

T4n 4P

Similarly, for any point on equatorial line of a bar magner at
a distance, for d >>>/

_ oM
4nd?

The table below shows the analﬂg}r between electric and
magnetic dipolts.

A

B

The Dipole Analogy

Electrostatics Magnetism

Dipole moment p M
Equatorial field for ashortdipole = plameyr? = M/ 4nr®
Auial field for a short dipole 2plame,rt p,2 M/ 4xs?
External field : Torque px E M =B
External field : Energy -p-E -M B

MAGNETISM AND GAUSS LAW
The ner magnetic flux (@) through any closed surface is

always zero.

This law suggests that the number of magnetic field lines
leaving any closed surface is always equal to the number of
magnetic field lines entering it. Suppose a closed surface § is
held in a uniform magnetic field B. Consider a small vector
area element AS of this surﬁlc:.Magn:tic flux thmugh this
arca clement is defined as, A, =B-AS

Considering all small arca elements of the surface, we
obtain net magnetic flux through the surface as,

obtain net magnetic flux through the surface as,
05 =3 A0, =X B:AS=0

Comparing this with Gauss' law in electrostarics,

_ As_ T

0p = 555 E-as=
The difference berween the Gauss's law of magnetism and
clectrostatics is that isolated magneric poles (also called

monopoles) does not exist.

| TOPIC PRACTICE1 |

OBJECTIVE Type Questions

1. Two magnets have the same length and the
same pole strength. But one of the magnets has
a small hole at its centre. Then,
{a) both have equal magnetic moment
(b) one with hole has small magnetic moment
(c) one with hole has large magnetic moment
(d) one with hole loses magnetism through the hole

2. Alarge magnet is broken into two pieces so that
their lengths are in the ratio 2 : 1. The pole
strengths of the two pieces will have ratio
{a) 2:1 (b) 1:2 {c) 4:1 id) 1:1

3. The intensity of magnetic field at a point X on
the axis of a small magnet is equal to the field
intensity at another point ¥ on equatorial axis.
The ratio of distance of X and Y from the centre
of the magnet will be

(@ (277 ®) (27"

4. Work done in rotating a bar magnet from 0 to
angle 120" is

{a]lz,wﬂ {h]%MB (c) MB

fc) 2° (dy 2'#

) 2 mB
3

5. Gauss'’s law for magnetism is
{a) the net magnetic flux through any closed surface is
B-AS
{b) the net magnetic flux through any closed surface is
E-AS
(c) the net magnetic flux through any closed surface
is zero

(d) Both (a) and (c)
VERY SHORT ANSWER Type Questions

6. On what factors does the pole strength of a
magnet depend?
magnet depend?

7. What is Coulomb’s law of magnetic force?

8. Define magnetic dipole moment. Also, write its
51 unit.



9.

10.

1.

A bar magnet is cut into two equal parts as
shown in the Fig. (a). One part is now kept over
the other such that, the P, is above F, as shown
in the Fig. (b).

If M is the magnetic moment of the original
magnet, what would be the magnetic moment
of new combination of magnets so formed?

P] EPE M Mﬂ' —35 Pz
S|M2—— M2IN g Lo (P
(a) (B)

A coil of Nturns and radius R carries a current

I It is unwound and rewound to make a square
coil of side a having same number of turns N.

Keeping the current I same, find the ratio of the
magnetic moments of the square coil and the
circular coil. Delhi 2013, Delhi 2013C

Why do magnetic lines of force form
continuous closed loops?

SHORT ANSWER Type Questions

12.

3.

14.

Three identical bar magnets are rivetted
together at centre in the same plane as shown
in the figure. This system is placed at restin a
slowly varying magnetic field. It is found that
the system of magnets does not show any
motion. The North-South poles of one magnet is
shown in the figure. Determine the poles of the
remaining two. NCERT Exemplar

What happens to a bar magnet if it is cut into
two pieces

(i) transverse to its length?

(ii) along its length?

State Gauss's law in magnetism and compare it
with Gauss's law in electrostatics.

15.

16.

17.

18.

19.

20.

21.

State whether the given statement is correct or
incorrect and explain it.

“The magnetic field lines of a magnet form
continuous closed loops unlike electric field
lines.”

A circular coil of closely wound N turns and
radius r carries a current [. Write the
expressions for the following:

(i) The magnetic field at its centre.

(ii) The magnetic moment of this coil.
All India 2012

A short bar magnet placed with its axis making

an angle @ with a uniform external field B,

experiences a torque T

(i) What is the magnetic moment of the
magnet?

(ii) Write the condition of stable equilibrium.

A small compass needle of magnetic moment M
and moment of inertia [ is free to oscillate in a
magnetic field E. It is slightly disturbed from its
equilibrium position and then released. Show
that it executes simple harmonic motion.
Hence, write the expression for its time period.
Delhi 2013, 2011C

Two bar magnets having same geometry with
magnetic moments M and 2M are placed in
such a way that their similar poles are on the
same side, then its time period of oscillation is
T. Now, if the polarity of one of the magnets is
reversed, then time period of oscillation is T,
then find the relation between T, and T.,.

Suppose we want to verify the analogy between

electrostatic and magnetostatic by an explicit

experiment. Consider the motion of

(i) electric dipole p in an electrostatic field E
and

(ii) magnetic dipole M in a magnetic field B.
Write down a set of conditions on E, B, p, M,
so that the two motions are verified to be
identical. (Assume identical initial
conditions). NCERT Exemplar

Answer the following
(i) Is it possibe to have a magnetic field
configuration with three poles?

(ii) If magnetic monopoles existed, how would
Gauss's law of magnetism be modified?



LONG ANSWER Type I Questions
22,

23.

24.

25.

28.

An observer to the left of a solenoid of N turns
each of cross-section area A observes that a
steady current [ in it flows in the clockwise
direction. Depict the magnetic field lines due to
the solenoid specifying its polarity and show
that it acts as a bar magnet of magnetic

moment m = NIA. All India 2015

A ’.-"'"-. L
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A uniform conducting wire of length 12 a and
resistance R is wound up as a current carrying
coil in the shape of

(i) an equilateral triangle of side a,
(ii) a square of sides a and

29.

(iii) a regular hexagon of side a. The coil is

connected to a voltage source V. Find the
magnetic moment of the coils in each case.
NCERT Exemplar

An electron of mass m, revolves around a
nucleus of charge +Ze. Show that it behaves like
a tiny magnetic dipole. Hence, prove that the
magnetic moment associated with it is expressed

31.

asp =-— EmiL, where Lis the orbital angular
&

momentum of the electron. Give the significance
of negative sign. Delhi 2017

Verify the Gauss’ law for magnetic field of a

point dipole of dipole moment M at the origin

for the surface which is a sphere of radius R.
NCERT Exemplar

32.

LONG ANSWER Type II Questions

26.

27.

Derive the expression for

(i) magnetic field at a point lies on axial line of
a bar magnet.

(ii) magnetic field at a point lies on equatorial
line of a bar magnet.
Also, find the ratio of magnetic fields at the
axial and equatorial points.

33.
(i) Derive the expression for potential energy of
a magnetic dipole in a magnetic field.

(ii) Compare the magnetic fields of a bar
magnet and a solenoid.

NUMERICAL PROBLEMS

A short bar magnet has a magnetic moment of

0.48 J/T. Give the direction and magnitude of

the magnetic field produced by the magnet at a

distance of 10 em from the centre of the magnet

on

(i) the axis,

(ii) the equatorial lines (normal bisector) of the
magnet. NCERT

A short bar magnet of magnetic moment

525x% 107%)/Tis placed with its axis
perpendicular to the earth’s field direction. At
what distance from the centre of the magnet,
the resultant field is inclined at 45° with the
earth's field on (i) its normal bisector and (ii) its
axis. Magnitude of the earth’s field at the place
is given to be 0.42 G. Ignore the length of the
magnet in comparison to the distances

involved. NCERT

A closely wound solenoid of 800 turns and area
of cross-section 2.5 x 107 m? carries a current
of 3.0A. Ifit can be treated as a bar magnet,
then find its magnetic moment.

(2M)

If the solenoid is treated as a magnet of
moment (= 0.6 J/T) is free to turn about the
vertical direction and a uniform horizontal
magnetic field of 0.25 T is applied, what is the
magnitude of torque on the solenoid when its
axis makes an angle of 30" with the direction of
applied field? MNCERT

A closely wound solenoid of 2000 turns and

area of cross-section 1.6 x 1074 m?2, carrying a

current of 4 A | is suspended through its centre

allowing it to turn in a horizontal plane. If the

solenoid is treated as magnet, then

(i) What is the magnetic moment associated
with the solenoid?

(ii) What are the force and torque on the
solenoid, if a uniform horizontal magnetic
field of 7.5x107T is set up at an angle of
30° with the axis of the solenoid? NCERT

A short magnet oscillates with a time period
0.1 s at a place, where horizontal magnetic field
is24 uT. A downward current of 18 A is
established in a vertical wire 20 cm East of the
magnet. What will be the new time period of the
oscillator?



34. Acircular coil of 16 turns and radius 10 em
carrying a current of 0.75 A, rests with its plane
normal to an external field of magnitude
5.0 % 1072T. The coil is free to turn about an axis
in its plane perpendicular to the field direction.
When the coil is turned slightly and released, it
oscillates about its stable equilibrium with a
frequency of 2.0 s, What is the moment of
inertia of the coil about its axis of rotation?
NCERT

35. If two magnets having magnetic moments M
and M /3 are joined to form a cross (i.e. x). The

combination is suspended freely in a uniform
magnetic field. In equilibrium position, the
magnet having magnetic moment M makes an
angle 6 with the field. Calculate the value of &.

36. Ashort bar magnet of magnetic moment

M=0.32]/T is placed in a uniform magnetic
field of 0.15 T. If the bar is free to rotate in the
plane of the field, which orientation would
correspond to its (i) stable and (ii) unstable
equilibrium? What is the potential energy of the
magnet in each case? NCERT

37. Abar magnet of magnetic moment 1.5 J/T lies
aligned with the direction of a uniform
magnetic field of 0.22 T.

(i) What is the amount of work required by an
external torque to turn the magnet, so as to
align its magnetic moment (a) normal to the
field direction, (b) opposite to the field

direction?
(ii) What is the torque on the magnet in cases
(a) and (b)? NCERT

HINTS AND SOLUTIONS

1. (b) As, we know, magnetic dipole moment m=m(21), so
hole reduces the effective length of the magnet and
hence magnetic moment reduces.

2. (d) Pole strength does not depend on length.

So, strength of the two pieces will remain same.
3. (d If d, is distance of point X one axial line and d, is
distance of point ¥ on equatorial line.

Then, B, =BeZm p te M
im d} im 43
As, B,=B,
Zm m
Pot B o, @i =24} = dytdy=2"
and;, 4nd,

10.

"

11.

12.

(b) Work done in rotating a magnet (from angle 0 to
120°) is given by

120"
W:L tde
1 . 120°
=MB[ " sin8d6 = MB(-cos ),
= MB(—cos 120° + cos0°) = MB(1 +15]'= %MB

(c) Gauss's law for magnetism is the net magnetic flux
through any closed surface is zero.

The pole strength of a magnet may depend on its
cross-section, nature of material.

Coulomb's law of magnetic force is inversely
proportional to the squared distance between the
magnetic poles and directly proportional to the product
of magnetic poles.

The magnetic moment of a magnet is a quantity that
determines the torque, it will experience in an external
magnetic field. Its SI unit is A-m®.

When the bar magnet is cut into two equal parts, as

shown in the Fig. (a), F| behaves as N and P, behaves as

5 and magnetic moment of each part of magnet becomes

M /2. When pole P, is placed over pole F, as shown in

Fig. (b), the net magnetic moment of the combination is
M

Zero, i —— —=10
2

Ratio of the magnetic moments,

(2
M, 2w, 2] 1

M, INA, (R? 2

Magnetic lines of force come out from North pole and
enter into the South pole outside the magnet and travels
from South pole to North pole inside the magnet. So,
magnetic lines of force form closed loop, magnetic
monopoles do not exist.

Mote When South pole of the magnet is viewed with the
frame of reference inside the magnet would appear as North
pole and similarly, Morth pole as South pole. Therefore,
magnetic lines of force traversed from South pole to Morth
pole inside the magnet.

The system of magnets will be in stable equilibrium, if
the net force on the system is zero and net torque on it
is also zero. It will be possible, if the poles of the
remaining two magnets is as shown in the figure.

13. In both the cases (i) and (ii), we get two magnets, each

with a North and South pole.

14. Eefer to text on page 227,



15.

16.

17.

18.
19.

20.

2L

22,

The statement is correct. The number of magnetic field lines
leaving a surface is balanced by the number of lines entering
it. The net magnetic flux is zero.

(i) Magnetic field at centre due to circular current carrying

(ii) Magnetic moment, M = NIA = NI(mtr?)
M = NI

where, ris the radius of circular coil, i, is permeability of free
space and N is number of turns.

(i) Refer to text on pages 224 and 225.

(ii) Refer to text on page 226.

Refer to text on page 225.

Using the formula for time period for magnetic system

I 1
T=n|]|—| = Te=— LAl
[MH ] M @
When similar poles placed at same side, then
1'1-'f1 =M+ 2M=3M

1
So, from Eq. (1), T, = il
Eq. (i), T, o (ii)

When the polarity of a magnet is reversed, then
M,=2M-M=M
So, from Eq . (i),
1
T, == E ..1i)
Now, on dividing Eq. (ii) by Eq. (iii), we get
T, M _ 1
T, BM B
Hence, T, <T,
Now, suppose that the angle between M and Bis 8.

=T, =4T,

Torque on magnetic dipole moment M in magnetic field B,
1" = MBsinf
Two motions will be identical, if
pEsing = MBsinf
= pE = MB A1)
But E=cB
Putting this value in Eq. (i), we get
M
peB=ME = p=—
c
(i) Yes
(ii) EB- AS = mM,
Since, it is given that the current flows in the clockwise
direction for an observer on the left side of the solenoid.

It means that the left face of the solenoid acts as South pole
and right face acts as North pole. Inside a bar, the magnetic
field lines are directed from South to North.

Therefore, the magnetic field lines are directed
from left to right in the solenoid.
Magnetic moment of a single current carrying loop
is given by, m'= A,
S0, magnetic moment of the whole solenoid is
given by
m= Nm'= N{I4)

23. We know that magnetic moment of the coil
M = NIA. Since, the same wire is used in three
cases with same potentials, therefore, same current
flows in three cases.

Hints: The different shapes form figures of different

area and hence, their magnetic moments vary.

(i) For an equilateral triangle of side a,
N =4, as the total wire of length = 12a
Magnetic moment of the coil,

N=4

M= NId=41 [%az]

= M=1d3
(ii) For a square of side a, A =a’

N =3, as the total wire of length =12a
Magnetic moment of the coil,

N=3
M=NIA=3(a")=3 a"
(iii) For a regular hexagon of sides a,

N = 2, as the total wire of length =12a
Magnetic moment of the coils,

N=2
M= NIA = zf[%az]ﬂ-ﬁa‘f

* M is in a geometric series.
24, Refer to text on page 219,
—eL
Zm,

Here, negative sign indicates that . directs away
from L.

In vector form, | =




25. Let us draw the figure for given situation,

We have to prove that §B -dS = 0. This is called Gauss’s
law in magnetisation.

According to the question,

Magnetic moment of dipole at origin OisM = Mk

Let P be a point at distance r from O and OP makes an
angle 6 with Z-axis. Component of M along OP = M cos 6.

Now, the magnetic field induction at P due to dipole of
W 2Mcos@ :

4n r
From the diagram, r is the radius of sphere with centre at
O lying in YZ-plane. Take an elementary area dS of the
surface at P. Then,

dS=r(rsin® d6)f = r’sin B dOF

moment McosOis B =

v §B-ds=§ B 2Mcos®. .20 d07)
4n r’

_ Ky M p2x

=—.— 2sinB.cos 68 dO
4m r 0
2
Mo M s memu_o..ﬂ(ﬂ) ’
4 r 70 iar r 2 f
M
=-u—°-—[cos4n—cos0]
4T 2r

.. ﬂ[l -1]=0
an 2r
26. (i) Refer to text on pages 222 and 223.
(ii) Refer to text on page 223,
27. (i) Refer to text on page 226.
(ii) Refer to text on page 224.
28. (i) S N P

| —
j¢—10cm—> B

Refer to Example 7 on page 223.

The direction of magnetic field is from S to N-pole of

magnet.

(ii)

I

g
=

e

Refer to Example 8 on page 223.
The direction of magnetic field is from N to S-pole of
magnet.
29. Given, magnetic moment,
m=525x10" J/T
Let the resultant magnetic field be B .

It makes an angle of 45° with B,.
Direction of
the earth

B et
B,
i 55. (Magnetic field)
A et -B ’ \P
I" , “\

According to the vector analysis,

B
45°
2

B sin 90°

= tan 45° = ————— —
B cos 90° + B,

B
= 1=— or B=8B, ..(1)
Bf
From Eq. (i), we get
= 04zx10*=He 2
ir

_ 1077 x5.25 x107°

042 x 107" = .
r

s 525x107
r =—_‘
042 x 10
r=005m
(1i)) When Point Lies on Axial Line

Let the resultant magnetic field B,_, makes an angle45°
from B,. The magnetic field on the axial line of the
magnet at a distance of r from the centre of magnet.

=125 %107

B. By
0 N Z
e P B
B =|’l_‘.2_’: i)
4T r

Direction of magnetic field is from 5 to N.



30.

3L

32,

According to the vector analysis.

B,
B.u

From Eq. (i), we get
2
042 % 10~ = Po o 2™
4R r3

107 % 2% 525 % 107"

ri

e =1u“’:-<2><5.25
042 % 107

r= 0063 mor 6.3 cm

Given, number of turns, n = 800

= 042 % 107" =

=250 % 107°

Area of cross-section of solenoid, A= 2.5 %107 % m®

Current through solenoid, [ =3 A
Magnetic moment of bar magnet,

M=nlA=800x3% 25107
=06]/T along the axis of the solenoid.
Given, magnetic field, B=025T

Angle between magnetic moment and the magnetic
field. 8 = 30°

A

e B

Magnetic moment, M = 0.6 /T
Torque acting on the solenocid, when it is placed at an
angle 6 with the magnetic field.

T= MB sin 8= 06 0.25 sin 30°

1
= ﬂﬁxﬂ.25x5=ﬂ.ﬂ?5N—m

Thus, the magnitude of torque on the solenoid is 0.075 N-m.
(i) M =1.28 |/T;

(ii) The force (net) on the solenocid is zero because two
equal and opposite forces (on each of its poles) are
acting but their lines of action are parallel, so they
form a couple thus a torque (not force) is applied on it.

!ﬂ—-
V4 .
7
/A
7

33.

35.

36.

T =48x107" N-m; refer to 0. 33 on page 240.
Initially,

T= 21'I:1’L and finally, T* = 2n ;
mB’ m(B + B)

where, B’ = horizontal magnetic field =24uT
and B = magnetic field due to downward conductor

n, 2
=—.— =18uT
4N a "

T [ F
T VB+5

T 24
= —
0.1 18 + 24

= T'= 00765

Given, number of turns of circular coil, n =16
Radius of circular coil, r=10cm = 0.1 m
Current, | =0.75 A, frequency, f =25~
Magnetic field, B=50x10" T
Magnetic moment of the coil,
M=nlA=16 % 075 x © (0.1
= 16% 0.75% 3.14% (0.1)°
= 0377 /T

1 [MxB
Frequency of oscillation of the coil, f = o ;

where, I = moment of inertia of the coil.
Squaring on both sides, we get
:_ 1 MB _ MB

Cant 1 Cantf?

O DATTX5x 107

- 43 314x 3.14x 2 2

= 1.2x 107" kg-m*®
Thus, the moment of inertia of the coil

=1.2% 107" kg-m*

If magnet of magnetic moment M makes an angle 8

with the field, then other magnet of magnetic moment
M\E makes an angle (90°— @) with the field.

In equilibrium, T, = 1,

= MBsin® = M+f3 Beos®
sinf
- cos @ =¥
= tanfl = 3
= 8 =60
Given, magnetic moment of magnet, M =032 /T

Magnitude of magnetic field, B=0.15T

(i) For stable equilibrium, the angle between magnetic
moment M and magnetic field B is 8 = 0"
[ In this position, it will be in a direction parallel to
the magnetic field, thus no torque will act on it.]



. The potential energy of the magnet,
U=-M-B=- MBcos 6
[**M-B = MB cos 6)
=—032 x 015 cos 0°
=—48x107"]
Thus, for the stable equilibrium the potential energy is
-48x107J.

(i) For unstable equilibrium, the angle between the
magnetic moment and magnetic field is 180".
("~ At 8=180°, although torque is zero but if it is
displaced by small angle d6, then resulting torque

[* the magnet lies aligned
in the direction of field]
[~ the magnet is to be aligned
normal to the field direction]
Work done in rotating the magnet from angle 8, to6,,
=— MB(cos 6, — cos 6,)
=—1.5x0.22 (cos90° — cos0® )
=033)
(b) Angle,6, =0° and 6, =180°
[~ Magnet is to be aligned opposite to the
direction of field)

(i) (a) Angle, 6, =0°

and  0,=9%°

would not restore it to the original position).
Potential energy of the magnet,
U =— MB cos 180°
=-032x0.15 (-1)
=48x107)
Thus, for the unstable equilibrium, the potential
energy is 4.8 X107 J.

37. Given, magnetic moment of magnet, M = 1.5 J/T
Uniform magnetic field, B=022T

| TOPIC 2|

Work done = — MB({(cos 6, — cos 6,)
=—15x0.22(cos 180° — cos 0°)=0.66 ]
(ii) Using the formula of torque,
T=MBsin®

(a) When magnetic moment is normal to the field,

6 = 90°
T=1.5x0.22 sin 90° = 0.33 N-m

(b) When magnetic moment is opposite to the field,

6=180°
1=15x0.22sin180°=0

Magnetic Properties of Materials

VARIOUS TERMS RELATED
TO MAGNETISM

Various terms related to the magnetism are given below.

Magnetic Intensity (H)

The capability of magnetic field to magnetise the substance
is measured in terms of magnetic intensity of the field. The
magnitude of magnetic intensity may be defined as the
number of ampere turns flowing round the unit length of
toroid to produce the magnetic induction By, in the toroid.

It is denoted by H.
H= ﬁ’- (1)
Ho
where, B, = magnetic field inside vacuum
and P,=4nx107 T-mA™
Its SI unitis Am ™.

Magnetic intensity is also known as magnetising force and
magnetic field strength.

Intensity of Magnetisation (1)

The intensity of magnetisation of a magnetised substance
represents the degree to which the substance is magnetised.
It is defined as the net magnetic moment M developed per
unit volume V, when a magnetic specimen is subjected to
magnetising field. It is denoted by /.

=2

4

Its ST unit is Am ™. Its dimension is (L' A] and it is a
vector quantity.

Magnetic Induction (B)

It is defined as the number of magnetic lines of
induction crossing per unit area normally through the
magnetic substance. It is denoted by B. Magnetic induction
B is the sum of the magnetic ficld B, and the magnetic field
W o/ produced due to the magnetisation of the substance.

Thus, B=By+u,/=pu,H+pn,/



Magnetic induction is also known as magnetic flux density
or simphr magnetic field.

Its SI unit is T or Whm ™.

Magnetic Susceptibility (y,, )

It is a measure of how n::;sil}-r a substance is m:-l.gnctis:d ina
magnetising field. The magnetic susccptihﬂit}r of a
magnetic substance is defined as the ratio of the intensity of
magnetisation to the magnetic intensity. It is denoted by

Lo
As units of H and [ are same (Am ), therefore it has no unit.

Magnetic Permeability (u)

It is a measure of conduction of magneric field lines
through a substance. The magnetic permeability of a
magnetic substance is defined as the ratio of the magnetic
induction to the magnetic intensity. It is denoted by p.

I-1=E

Its ST unitis TmA ™.

Relative Magnetic Permeability (., )

It is the ratio of the magnetic pcrmcabilil}r 18 of the
substance to the pcrm:abilir_',r of free space.

-2
r un

It is a dimensionless quantity and is equal to 1 for vacuum.

H

The relative magnetic permgahi]it}r of a substance is
defined as the rato of magnetic Hlux dcnsir}r B in thar

substance and flux density B, in vacuum in the same field.

WD
I'Bn

Relation between Relative Magnetic
Permeability () and Magnetic
Susceptibility ()

When a substance is plau:d in a magnetising field, it
becomes magnctis:d. The toral magnetic fux dcnsir_l,r B
within the substance is the flux dcnsit}-’ that would have
been pru-duccd by the magnetising field in vacuum p|us the
flux dcnsir}r due to the magnetisation of the substance. If f
be the intensity of magnetisation of the substance, then b)-'

definition, the magnetic intensity of the magnetising field is

B

giv:nhy H=—=lor B=p,(H +1)
Hy

But I=y H

where, A 18 the susccptihility of the substance,

B=u, H(l+y,)
Again B=pH, where U is the permeability of the
substance.

Loy,
]

=W, (I+y%,.) or

13 is the relative permeability .

Ky

Thus,

The quandty (1+%,,)=MW, is the analog of dielectric
constant in electrostatics and is known as relative magnetic
permeability. It is a dimensionless quantity.

The value of magnetic susccptihﬂity is small and positive for
paramagnetic materials and small and negative for
diamagnetic materials.

EXAMPLE |1| The magnetic field B and the magnetic
intensity H in a material are found to be 1.6 T and

1000 Am™, respectively. Determine the relative
permeability ., and the susceptibility y ,, of the material.
B 1.6
Sol. Magnetic permeability, j=—= —
E pe ty, W H 1000
=1.6%10" TmA™
Since, relative magnetic permeability,
—3
p, = X0 127 x10*
B, 4mxio”’

Therefore, susceptibility, ¥, =y, —1 =127 x10° -1
= ¥, =1.27x10*

EXAMPLE |2| A solencid of 600 turns per metre is
carrying a current of 4 A. Its core is made of iron with
relative permeability of 5000. Calculate the magnitudes of
magnetic intensity, intensity of magnetisation and
magnetic field inside the core.

Sol. Given, current, [ =4 A

Number of turns per unit length, n = 600

Relative permeability, u_ = 5000
Since, magnetic intensity, H = n] = 600 %4 = 2400 Am ™
W, =1+y,

= om =R, —1
= 5000—1 = 4999 = 5000

Since,



Here, ¥, = magnetic susceptibility.
Intensity of magnetisation can be given as
I =y, H = 5000x 2400
=12x10" Am™
Therefore, magnetic field, B=pu, nH
= 5000 (47 %1077 ) % 2400

=15T

MAGNETIC PROPERTIES
OF MATERIALS

Materials can be classified as diamagnetic, paramagnetic and
ﬁ::rmma.gn:tic on the basis of susccptihiﬁt}-' (¥ )

Diamagnetic Paramagnetic Ferromagnetic

-1=2y,=<0 Dy, <€ Fm=>1
O=p, <1 1¢:|,er:1+£ B, ==1
R<Ky B>Ky K=>>Hy

Here, £ is a small positive number introduced to quant
P q
paramagnetic materials,

Diamagnetism

Diamagnetic  substances are  those = =
substances which have a tendency to move
from stronger to the weaker part of the -
external magnetic field.

When a bar of diamagm:tic material is = =

—..._“""-.____.__H“-j’_,..—‘
p|accc| in an external magnetic field, the
field lines are n:p:"cd or l:xpc"l:d and the field inside the

material is reduced.

Explanation of Diamagnetism

Diamagnetic substances are those substances in which
resultant magnetic moment in an atom is zero.

When magnetic field is applied, those electrons having
orbirtal magnetic moment in the same direcrion slow down
and those in opposite directions speed up. This happens
due to induced current in accordance with Lenz's law.
Thus, the substance dc’v:laps a net magnetic moment in the
direction opposite to that of the applicd field and hence,
r:p-:ls. eg. Bismuth, copper, lead, silicon, nitrogen
{at STP), water and sodium chloride.

Paramagnetism

The substances which get weakly magnetised in the
direction of external field, when placed in an external
magnetic field are called paramagnetic substances. These
substances have the tendency to move from a region of
weak magnetic field to strong magnetic field, i.e. thqr get
weakly attracted to a magnet.

Explanation of Paramagnetism

The atoms of a paramagnetic marerial

-~ |-
possess a permanent magnetic dipole “EH“"'-_._._______'—_'_"'___H,J'#-"'
moment of their own, On account of
the ceaseless random motion of the fﬁx
aroms, no net magnetisation is seen. <7 [~

But in the presence of an external field

B, which is strong enough and at low temperatures, the
individual atomic dipﬂl: moment can be made to aJign and
point in the same direction as B,

The field lines get concentrated inside the material and the
field inside is enhanced.

When PL‘ICCE[ in a non-uniform magnetic field, the
paramagnetic material tends to move from weaker part of
the field to the stronger part.

eg. Aluminium, sodium, calcium, oxygen (at §TP) and a

copper chloride.

Curie’'s Law

Magnerisation of a paramagnetic material s inw:r.sd}r

pmpﬂrtiona| to the absolute temperature (1),
Cpy
T

B
I= f.'?o or equivalently ¥, =

where, C is called Curie’s consrant.

) [T Hom

Saturation
region

o BylT T

The variation of intensity of magnetisations with By /T is
shown in the ﬂgurc. Ara parr.il:ular stage, all the aromic
dipoles present in the specimen align in the direction of the
external field and this leads to saturation region.

Ferromagnetism

"@' Meissner Effect

Superconductors exhibit perfect diamagnetism. A
superconductor repels a magnet and (by Newton's third law)
is repelled by the magnet. This phenomenan of perfect
diamagnetism in superconductors is called the Meissner
effect. Superconducting magnets have been used for running
magnetically levitated superfast trains.

The substances which get strongly magnetised when placed
in an external magnetic field are called ferromagnertic
substances. They have strong tendency to move from a
region of weak magneric field to strong magneric field, i.e.
they get strongly attracted to a magnet.



Curie-Weiss Law

This describes the magnetic susccptib“ir}r - of a
ﬁ:rmmagm:t in the paramagnetic region above the Curie
point. It is l:xpr:ss:d as

c
= = T

x:u- T—TC [ 1‘:]

where, ' is called Curie's constant, T is absolure

temperature in kelvin and T~ is Curie temperature,

Explanation of Ferromagnetism

The atoms in a ferromagnetic material possess a dipole
moment aligned in a common direction over a macroscopic
volume called domain. Each domain has net magnetisation.

NS
o N
AR

Randomly oriented domains

When we apply an external magnetic field B, the domains
orient themselves in the direction nFBﬂ and simulranmusl}r
the domains grow in size.

R
FEH
R
FEE

Aligned domains

In some ferromagnetic materials, the magnetisation persists
on removal of external magnetic field. Such materials are
called hard magnetic materials or hard Fermma.gngts, e.g.
alnico (an alloy of iron, aluminium, nickel, cobalt and
copper) is one such marterial which forms permanent
magnets to be used among other things as a compass needle.
There are some ferromagnetic materials in which the
magnetisation disappears on removal of external magnetic
field, e.g. soft iron. Such materials are called soft magnetic
materials or soft ferromagnets. c.g. Iron, cobalt, nickel,
gadolinium, etc. The relative magneric permeability of
these substances is greater than 1000.

The ferromagnetic property depends on the temperature.
At high temperature, a ferromagnet becomes a paramagnet.

The transition of temperature  from ferromagnetism to
paramagnetism is called the Curie temperature (7). The
susceptibility in the paramagnetic phase is described by

o
T-T,

K = [~ T>T]

Curie Temperature T of
Some Ferromagnetic Materials

Material T.(K)
Cobalt 1394
Iron 1043
Ferric oxide 803
Mickel 631
Gadolinium n7

EXAMPLE |3] A solenoid having 5000 turns/m carries
a current of 2A. An aluminium ring at temperature 300K
inside the solenoid provides the core.
(a) If the magnetisation I is 2x 107 A/m, find the
susceptibility of aluminium at 300 K.
(b) If temperature of the aluminium ring is 320 K, what
will be the magnetisation?
Sol. (a)Here, H=1=5000%2=10"A/m

and I=yH
Y= I
H
2x107°
=———=2x10""
10
(b) According to Curie law,
y= C
T
T
- X _ D2
x-l T]
T, 320 —
= =—x2x%10
Xz T, A o0
=213 x 107"

- Magnetisation at 320 K,
I=yx,H=213%x10" x10"

=213x% 107 A/m

Hysteresis Curve

The hysteresis curve represents the relation berween the
magnetic induction 8 or intensity of magnetisation { of a
ferromagnetic material with magnetic intensity H. The
graph shows the behaviour of the material as we ke it
thmugh one q..rclc of magnetisation shown in the Egur:,

Formation of Hysteresis Curve

An unmagm:tis:d sampl: 15 plactd in a solenoid and current
thmugh the solenoid is increased. The magnetic field B in
the material rises and saturates as depicted in the curve Oa.

Mext, if H is decreased and reduces to zero.



B

[
O3 Ham=)

d""—f_«" +

Then, at H =0, B#0 (curve ab)
The value of B at H =0 is called retentivity.

Now, the current in the solenoid is reversed and
slowly increased, we again obtain saturation in the reverse
direction at 4. The value of H at¢ is called coercivity.

Now, the current is reduced (curve de), increased, reversed
(curve ea) . The cycle repeats itself. For a given value of H, B
is not unique, but depends on previous history of the
sample. This phenomenon is called hysteresis.

It is found that the area of hysteresis loop is proportional to
the net energy absorbed per unit volume by the material, as it
is taken over a complete cycle of magnetisation. The energy

so, absorbed by the specimen appears in the form of heat
energy. Hysteresis loop for soft iron is large and narrow,
whercas the hysteresis loop for steel is short and wide as
shown in the figure.

Softiron

Steel

H —

From the hysteresis loops of soft iron and steel, we say
(i) Retentivity of soft iron is greater than that of steel.
(ii) Soft iron is more strongly magnetised than steel.
(i1i) Coercivity of soft iron is less than that of steel.

(iv) As area of hysteresis loop for soft iron is smaller than
that for steel, therefore, hysteresis loss in case of soft
iron is smaller than thar in case of steel.

Comparative Study of Magnetic Materials

Diamagnetic Substances

Paramagnetic Substances

Ferromagnetic Substances

These substances when placed in a
magnetic field, acquire feeble magnetism
opposite to the direction of the magnetic
field.

of the magnetic field.

R e |

[v—]

These substances when placed in a magnetic
field, acquire feeble magnetism in the direction

H

—R

These substances when placed in a
magnetic field are strongly magnetised in
the direction of the field.

H

E=w]

These substances are feebly repelled by a

magnet. magnet.

These substances are feebly attracted by a

These substances are strongly attracted by
a magnet.

When a diamagnetic solution is poured into
a U-tube and one arm is placed between
the poles of strong magnet, the level of
solution in that arm is lowered.

arm rises.

Diamagnetic
solution

The level of the paramagnetic solution in that

No liquid is ferromagnetic.

If a rod of diamagnetic material is

Paramagnetic rod becomes paralel to the

Ferromagnetic rod also becomes parallel

suspended freely between two magnetic  magnetic field. to the magnetic field.
poles, its axis becomes perpendicular to — — _ _
the magnetic field. N "
n . n s N| s n IS
ol [~ - - - BN, -
N : 5 A A
4T B -
Puig ==
In  non-uniform magnetic  field, the In non-uniform magnetic field, paramagnetic In non-uniform magnetic figld,

diamagnetic substances are attracted
towards the weaker fields, i.e. they move
from stronger to weaker magnetic field.

substances move from weaker to stronger part
of the magnetic field slowly.

ferromagnetic substances move from
weaker to stronger magnetic field rapidly.




Diamagnetic Substances

Paramagnetic Substances

Ferromagnetic Substances

Their permeability is less than one (u < 1).

Their permeability is slightly greater than one
(p>1)

Their permeability is much greater than one
(n>>1)

Their susceptibility is small and negative.
Their susceptibility is independent of
temperature.

Their susceptibility is small and positive. Their
susceptibility is inversely proportional to
absolute temperature, which is Curie's law.

: 1
ie. Lm = 7

Their susceptibility is large and positive.
They follow Curie-Weiss law, when heated

above Curie's temperature )
ie. Lo = :
T- Tc
At Curie temperature, ferromagnetic

substances change into paramagnetic
substances.

Shape of diamagnetic liquid in a glass
crucible and kept over two magnetic poles.
Diamagnetic liquid

="

N S

In these substances, the magnetic field
lines are farther than in air.

Shape of paramagnetic liquid in a glass
crucible and kept over two magnetic poles.

Paramagnetic liquid

R

In these substances, the magnetic field lines
are closer than in air.

No liquid is ferromagnetic.

In these substances, the magnetic field
lines are much closer than in air.

The resultant magnetic moment of these
substances is zero.

These substances have a permanent magnetic
moment.

These substances also have a permanent
magnetic moment.

TOPIC PRACTICE 2 l VERY SHORT ANSWER Type Question

In what way, the behaviour of a diamagnetic material
is different from that of a paramagnetic, when kept in
an external magnetic field?

OBJECTIVE Type Questions

I. The variation of magnetic susceptibility ()

AllIndia 2016

With emperaiaine for & dismgnens SHORT ANSWER Type Questions

substance is best represented by figure v

4. From molecular view point, discuss the temperature
dependence of susceptibility for diamagnetism,

@ b paramagnetism and ferromagnetism. NCERT Exemplar
I 5. Show diagrammatically the behaviour of magnetic
field lines in the presence of

(i) paramagnetic and All India 2014
(ii) diamagnetic substances. How does one explain
this distinguishing feature?

T =

)

6. Out of the two magnetic materials, A has relative
permeability slightly greater than unity while B has
less than unity. Identify the nature of the materials A
and B. Will their susceptibilities be positive or
negative? Delhi 2014

A ball of superconducting material is dipped in liquid
nitrogen and placed near a bar magnet.

(i) In which direction will it move?

The relative permeability of a substance X is
slightly less than unity and that of
substance Y is slightly more than unity, then 7.

(a) Xis paramagnetic and Y is ferromagnetic
(b) X is diamagnetic andY is ferromagnetic

(c) X and Y both are paramagnetic
(d) Xis diamagnetic and Y is paramagnetic

(ii) What will be the direction of its magnetic
moment? NCERT Exemplar



8. Explain quantitatively the order of magnitude
difference between the diamagnetic
susceptibility of N, (~ 5 xlﬂ"“] (at STP) and

Cu (~107°). NCERT Exemplar

9. (i) How does a diamagnetic material behave
when it is cooled at very low temperature?
(ii) Why does a paramagnetic sample display
greater magnetisation when cooled? Explain.
Delhi 2012

10. The susceptibility of a magnetic material is
0.9853. Identify the type of magnetic material.
Draw the modification of the field pattern on
keeping a piece of this material in a uniform
magnetic field. CBSE 2018

1. Out of the following, identify the materials
which can be classified as
(i) paramagnetic
(ii) diamagnetic
{a) Aluminium
(c) Copper

LONG ANSWER Type I Questions

12. Three identical specimens of a magnetic
material, nickel, antimony, aluminium are kept
in a non-uniform magnetic field. Draw the
maodification in the field lines in each case.
Justify your answer. Delhi 2011

(b) Bismuth
(d) Sodium

13. Answer the following questions:

(i) Why does a paramagnetic sample display
greater magnetisation ( for the same
magnetising field) when cooled?

(ii) If a toroid uses bismuth for its core, then will
the field in the core be (slightly) greater or
(slightly) less than when the core is empty?

(iii) Is the permeability of a ferromagnetic
material independent of the magnetic field?
If not, is it more for lower or higher fields?

(iv) Magnetic field lines are always nearly
normal to the surface of a ferromagnet at
every point. (This fact is analogous to the
static electric field lines being normal to the
surface of a conductor at every point.) Why?

(v) Would the maximum possible magnetisation
of a paramagnetic sample be of the same
order of magnitude as the magnetisation of a
ferromagnet? NCERT

14. Answer the following questions.

(i) Explain qualitatively on the basis of domain
picture  the irreversibility in the
magnetisation curve of a ferromagnet.

(ii) The hysteresis loop of a soft iron piece has a
much smaller area than that of a carbon
steel piece. If the material is to go through
repeated cycles of magnetisation, which
piece will dissipate greater heat energy?

(iii} A system displaying a hysteresis loop such
as a ferromagnet, is a device for storing
memory. Explain the meaning of this
statement.

(iv) What kind of ferromagnetic material is used
for coating magnetic tapes in a cassette
player or for building ‘memory stores’ in a
modern computer?

(v) A certain region of space is to be shielded
from magnetic fields. Suggest a method.

NCERT

15. Abar magnet of magnetic moment 6 J/T is
aligned at 60" with a uniform external magnetic
field of 0.44 T. Calculate (a) the work done in
turning the magnet to align its magnetic
moment (i} normal to the magnetic field, (ii)
opposite to the magnetic field, and (b) the
torque on the magnet in the final orientation in
case (ii). CBSE 2018

16. When two materials are placed in an external
magnetic field, the behaviour of magnetic field
lines is as shown in the figure. ldentify the
magnetic nature of each of these two materials.

Delhi 2009C
—— — — e
———
——— 1
—
X Y

17. Asample of paramagnetic salt contains 2x10%*
atomic dipoles, each of dipole moment
1.5x107% J/T. The sample is placed under a
homogenous magnetic field of 0.84 T and
cooled to a temperature of 4.2 K. The degree of
magnetic saturation achieved is equal to 15%.
What will be the total dipole moment of the
sample for a magnetic field of 0.98 T and ata
temperature of 28 K? NCERT



LONG ANSWER Type Il Question

18.

(i) Discuss briefly electron theory of magnetism
for diamagnetic and paramagnetic materials.

(ii) Give two methods to destroy the magnetism
of a magnet.

NUMERICAL PROBLEMS

19.

20.

If the bar magnet in Q. 14 is turned around by
180°, where will the new null points be located?
NCERT

A short bar magnet placed in a horizontal plane
has its axis aligned along the magnetic
North-South direction. Null points are found on
the axis of the magnet at 14 cm from the centre
of the magnet. The earth’s magnetic field at the
place is 0.36 gauss and the angle of dip is zero.

What is the total magnetic field on the normal
bisector of the magnet at the same distance as
the null point ( i.e. 14 cm) from the centre of the
magnet? (At null points, field due to a magnet is
equal and opposite to the horizontal
component of the earth’s magnetic field.) NCERT

| HINTS AND SOLUTIONS |

1. (d) For diamagnetic substances, the magnetic
susceptibility is negative, and it is independent of
temperature. Therefore, choice (d) is correct in figure.

!

X0

I

2. (d) Asp_ <1for substance X, it must be diamagnetic
and i, =1 for substance ¥, is must be paramagnetic.

3. When paramagnetic materials are placed in external
magnetic field, these are feebly magnetised in the

direction of the applied external magnetic field whereas
in case of diamagnetic materials, these are feebly
magnetised opposite to that of applied external magnetic
field.

Susceptibility of magnetic material ¥ = % where [ is

the intensity of magnetisation induced in the material
and H is the magnetising force.

Diamagnetism is due to orbital motion of electrons in an
atom developing magnetic moments opposite to applied
field. Thus, the resultant magnetic moment of the
diamagnetic material is zero and hence, the

8.

susceptibility y of diamagnetic material is not much
affected by temperature.

Paramagnetism and ferromagnetism is due to alignment
of atomic magnetic moments in the direction of the
applied field. As temperature is raised, the alignment is
disturbed, resulting decrease in susceptibility of both
with increase in temperature.

Refer to page 236 for diagram.

Magnetic permeability of paramagnetic substance is
more than air, so it allows more lines to pass through it
while permeability of diamagnetic substance is less than
air, so it does not allow lines to pass through it. Thus,
diamagnetic substances expel magnetic field lines, while
paramagnetic substances attract them.

The nature of the material A is paramagnetic and its
susceptibility ¥, is positive.

The nature of the material B is diamagnetic and its
susceptibility ¥ is negative.

Both a superconducting material and nitrogen are
diamagnetic in nature. When a ball of superconducting
material is dipped in liquid nitrogen, it behaves as a
diamagnetic material. When placed near a bar magnet, it
will be feebly magnetised opposite to the direction of
magnetising field.

Because of this, (i) it will be repelled (i.e. move away
from magnet) (ii) the direction of magnetic moment will
be opposite to the direction of magnetic field of bar

magnet.

— -5
Here, ¥, (x, =510 and X, c,, = 10

npiy _5X10 xl_']—q =5%10™
Ko (Cu) 10
A ge LMV M _ My
H H HV Hm
where, M = magnetic moment

V = volume, m = mass and p = density

¥m = p. for given value e‘fi
Hm

Am Ny _

X icu)

28 g /22400 cc
& gfce

P =
Peu

Thus, = L6x10""

9. (i) As, the resistance (electrical of metal decreases with

decrease in temperature.

But for diamagnetic substances, the variation of
susceptibility is very small (D<y <eg) ie
diamagnetic materials are unaffected by the change in
temperature (except bismuth).

(ii) Paramagnetic materials when cooled due to thermal
agitation tendency alignment of magnetic dipoles
decreases. Hence, they shows greater magnetisation.

10. Given, susceptibility, ¥, = 09853

As the susceptibility of material is positive but small.

. The material is paramagnetic in nature. For
paramagnetic material, magnetic lines of external



magnetic field will passes through the material without magnitude as the magnetisation of a ferromagnet.

much deviation, when it is placed in between magnetic Although, the condition of saturation for
poles. paramagnets, requires very high magnetising
The modification of the field pattern is shown in the fields which cannot be achieved.
following figure. 14. (i) To explain qualitatively the domain picture of the
irreversibility in the magnetisation curve of a
_— Bo L ferromagnet, we draw the hysteresis curve for
N B 5 ferromagnetic substance. We can observe that the
magnetisation persists even when the external field
— B > By o — is removed. This gives the idea of irreversibility of a
ferromagnet.
11. (i) Paramagnetic substance Aluminium, sodium (ii) As we know that, in hysteresis curve, the energy
(ii) Diamagnetic substance Bismuth, copper, dissipated per cycle is directly proportional to the
the susceptibility of the diamagnetic materials is small area of hysteresis loop. 5o, as according to the
and negative, i.e. —1< ¥, <0, whereas for paramagnetic question, the area of hysteresis loop is more for
substance the susceptibility is small and positive, ie. carbon steel, thus carbon steel piece will dissipate
0< ) <a wherea isa small number. greater heat energy.

12. (iii) The magnetisation of a ferromagnet depends not
Nickel o] - only on the magnetising field, but also on the

=l history of magnetisation {i.e. how many times it
was already magnetised in the past). Thus, the
ﬂ value of magnetisation of a specimen is a record of

Antimony l:l memory of the cycles of ma_gnetislntinn, it had
undergone. The system displaying such a

v hysteresis loop can thus act as a device for storing

MEemory.

— (iv) The ferromagnetic materials which are used for

Aluminium 1 coating magnetic tapes in a cassette player or for

— building memory stores in the modern computer
-"--—_—-—-*""-a

are ferrites. The most commonly ferrites used are
MnFe, 0y, FeFe,0y, CoFel0y, NiFe, 0y ete.

(v) To shield any space from magnetic field, surround
the space with soft iron ring. As the magnetic field
lines will be drawn into the ring, the enclosed
region will become free of magnetic field.

The modification in the field lines shown in the figure are
as such because

(i) nickel is a ferromagnetic substance.
(it} antimony is a diamagnetic substance.

{iii) aluminium is a paramagnetic substance. 15.(a) Given, magnetic moment, M = 6 J/T
Refer to text on pages 236 and 237. Aligned angle, 8, = 60°
v 1
13. (i) A paramagnetic sample displays greater magnetisation External magnetic field B=044 T
when cooled because at the lower temperatures, the () When the bar magnet is align normal to the

tendency to disrupt the alignment of magnetic dipoles
decreases due to the reduced random thermal motion
of atoms or molecules.

(ii) Bismuth is a diamagnetic element, so the magnetic field

magnetic field, ie. 8, =90°
- Amount of work done in turning the magnet,
W =— MB(cosB, — cosf,)

in the core will be slightly less than when the core is = — 6% 044 (cos 90° — cos 60)
empty, because the diamagnetic substances are -+ B 5 5 1 [ cos90® =0
;eelli}r magnetised in the opposite direction of magnetic - ’ 2 and cos60° =1/2
ie

(iii) No, the permeability of a ferromagnetic material is not B =132] _ )
independent of the magnetic fields. By observing the (i) When t_hf bar magnet a].|g|: opposite to the
hysteresis curve, the value of permeability is greater for magnetic field, i.e. 6, =180
lower fields. s W=—-—MB I{c03130° — L'Dﬁﬁﬂn}

{iv) The magnetic field lines are always nearly normal to the
surface of a ferromagnet at every point because the
value of permeability for ferromagnetic substance is

1
= —ﬁxﬂ.ﬁ[—l—z){': cos 180 = —1)

always greater than 1 (L >>1). It is based on the =6 044 x1=196]
conditions of B and H at the interface of two media in the 2
hysteresis curve. (b) We know that, torque,

(v) Yes, the maximum possible magnetisation of a T=M x B = MBsinf

paramagnetic sample will be of the same order of For case (ii), B =180°



16.

17.

18.

19.

1= MBsin1&0*
=1
Amount of torque is zero for case (ii).

(- £in180° = 0)

(i) Material X is paramagnetic substance. When a
specimen of a paramagnetic substance is placed in a
magnetising field, the lines of force prefer to pass
through the specimen rather than through air. Thus,
magnetic induction inside the sample is more than the
magnetic intensity.

(it) Material Y is ferromagnetic substance. These are the
substances in which a strong magnetism is produced
in the same direction as the applied magnetic field,
these are strongly attracted by a magnet, exhibits
highly concentrated lines of force.

C
According to Curie's law, ¥, = T

As magnetic susceptibility, ¥, = %
= I= M and H= B
v K
- MF_C
B T
= M= E [E]
p \T

For a given sample, CV /L = constant

Thus, M= [E]
T
or M _BA,
M, BT,
Given, B =084 T B, =098T
T,=42K T,=28K
Thas M, _084/42 4

M, 09828 7

7
oar ;“2 = {;) 1'1-'11

Initial total magnetic moment of the sample,
M, =15% of (2x10™)(1.5%107" ) =45 ]/T

Thus, M, = [})45 =79]/T

(i) Refer to text on page 236.
(ii) We can destroy the magnetism of a magnet

(a) by heating it.

(b) by applying magnetic field across it in reverse

direction.

When a bar magnet is turned by 180%, then the null
points are obtained on the equatorial line.
So, magnetic field on the equatorial line at a distance d"
is given by

20.

potie M
an d’

This magnetic field is equal to the horizontal component

of the earth’s magnetic field,

# ,‘Lu M .
BF=——=H i
an 4 @
As we know that,
, ey 2M "
Magnetic field, =—-—=H i
ag i 1 (ii)
From Eqgs. (i) and (ii), we get
He M _p, 2M
an 4 amx d4*
1 2
ar F = d_j
3 i
or d* = 04 [~ d =14 cm]
2 2
14
or d's——=111cm
(2"

Thus, the null points are located on the equatorial line at

a distance of 11.1 cm.

Distance of the null paint from the centre of magnet,
d=14cm =0.14m

The earth’s magnetic field, where the angle of dip is zero,
is the horizontal component of the earth’s magnetic field.

Le. H = 0.36 gauss
Initially, the null points are on the axis of the magnet.
We use the formula of magnetic field on axial line
(consider that the magnet is short in length).
_ Mg 2M
an 4*
This magnetic field is equal to the horizontal component
of the earth’s magnetic field.
; Mo 2M .
Le. =s.—=H ..Ai)
B 4 d*

On the equatorial line of magnet at same distance d
magnetic field due to the magnet,

n, M B H "
= E— == L
B am 4* 2z 2 (t)
The total magnetic field on equatorial line at this point
(as given in question),

B=B=+B,=%+H

3 3
=—H==x036
2 z

= (.54 gauss

The direction of magnetic field is in the direction of
earth’s field.



SUMMARY

The phenomenon of attraction of small bits of iron, steel,
cobalt, nickel, etc., towards the ore is called magnetism.

Magnetic materials tend to point in the North-South direction.
Like magnetic poles repel and unlike poles attract each other.

Cutting a bar magnet creates two smaller magnets. Therefore,
magnetic poles cannot be separated, i.e. magnetic monopole
does not exist.

Foroebetweentwomagneﬂcpolesisgivenby,ka'—'r",‘,ﬂ

where k is magnetic force constant and is given by

k=M .107
4

The magnetic dipole moment of a magnetic dipole is given by
M=mx2l

where, mis pole strength and 21is dipole length directed from S

toN. The SI unit of magnetic dipole moment is A-m? or JT™'. Itis

a vector quantity and its direction is from South pole to North

pole.

Magnetic Dipole is defined as two magnetic poles of equal

and opposite strengths separated by a small distance, e.g. bar

magnet, compass needle, elc.

The Magnetic Field Lines These are the imaginary lines
which continuously represent the direction of magnetic field.

Magnetic Field Strength at a Point due to Bar Magnet The
force experienced by a hypothetical unit North pole placed at
that point.
(i) When Point Lies on Axial Line of Bar Magnet In this
case, g = 2Md
an(d? -1y
(i) When Point Lies on Equatorial Line of a Bar Magnet In

. WM
this case, [ o gom—" . s —
Ar(d? + 12)V?

Torque on a bar magnet in a uniform magnetic field is

t=MBsind =MxB

Oscillation of a Freely Suspended Magnet The oscillations
of a freely suspended magnet (magnetic dipole) in a uniform
magnetic field are SHM.

The time period of oscillation, T =231’é

Potential energy of a magnetic dipole in a magnetic field is
givenby U=-MBcos6=-M-B
where, 8 is the angle between Mand B.

Magnetism and Gauss' Law The number of magnetic field
lines leaving any closed surface is always equal to the number
of magnetic field lines entering it.

Magnetic Intensity i.e. H=§°-
0

Intensity of Magnetisation ie. /= %

Magnetic Induction (8) ie. B=p,(H+/)
Magnetic Susceptibility ie. y,=1/H
Magnetic Permeability i.e. u =(B/H)

Relative Magnetic Permeability ie. u, =(wh,)

Relation between Relative Permeability (1,) and Magnetic
Susceptibility (y,,,) Itis givenby, 1, =1+ %,

Magnetic materials are broadly classified as diamagnetic,
paramagnetic and ferromagnetic. For diamagnetic materials,
is negative and small and for paramagnetic materials, it is
positive and small.

The magnetic susceptibility of a ferromagnetic materials varies
1 C

or Ym

as Am = =
Tr-%) T-%)

where, Cis a constant. It is known as Curie-Weiss law and 7,

is called Curie temperature.



CHAPTER

OBJECTIVE Type Questions

PRACTICE

. Ferromagnetism show their properties due to

1. Cutting a bar magnet in half is like cutting a
solenoid, such that we get two smaller
solenoids with
(a) weaker magnetic properties
(b) strong magnetic properties
(c) constant magnetic properties
(d) Both (a) and (b)

2. Abar magnet of length 3 em has points Aand B
along axis at a distance of 24 cm and 48 cm on
the opposite ends. Ratio of magnetic fields at
these points will be

24cm . 48cm

o
* ul

A ', l, -3
3cm '
(@) 8 (b) 3 (© 4 (d) 1242

3. Ashort bar magnet placed with its axis at 30°
with an external field of 800 G experiences a
torque of 0.016 Nm. The magnetic moment of
the magnet is
(a) 4 Am®
(c) 2 Am*

(b) 0.5 Am*
(d) 0.40 Am?

4. Abar magnet has magnetic dipole moment M.
Its initial position is parallel to the direction of
uniform magnetic field B. In this position, the
magnitudes of torque and force acting on it,

respectively are CBSE 2021 Term-I
(a) 0 and MB (b) MB and MB
(c)0and 0 (d)|MxB|and 0

5. If a diamagnetic substance is brought near the

North or the South-pole of a bar magnet, then it

is
(a) attracted by the both poles
(b) repelled by both the poles

(c) repelled by the North-pole and attracted by the
South-pole

(d) attracted by the North-pole and repelled by the
South-pole

(a) filled inner subshells

(b) vacant inner subshells

(c) partially filled inner subshells
(d) all the subshells equally filled

7. The relative permeability of a substance is
0.9999. The nature of substance will be
(a) diamagnetic
(b) paramagnetic
(c) magnetic moment
(d) intensity of magnetic field

8. Hysteresis loss is minimised by using
(a) alloy of steel
(b) shell type of core
(c) thick wire which has low resistance
(d) metal

ASSERTION AND REASON

Directions (Q. Nos. 9-19) In the following
questions, two statements are given- one labeled
Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from
the codes (a), (b), (c) and (d) as given below
(a) Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.
(b) Both Assertion and Reason are true but Reason is
not the correct explanation of Assertion.
(c) Assertion is true but Reason is false.
(d) Assertion is false but Reason is true.

9. Assertion The true geographic North direction
cannot be found by using a compass needle.
Reason The magnetic meridian of the earth is
along the axis of rotation of the earth.

10. Assertion The axis of the dipole does not
coincide with the axis of rotation of the earth
but is presently tilted by approximately 11.3°
with respect to the later.

Reason The magnetic poles are located where
the magnetic field lines due to the dipole enter or
leave the earth.



1.

12.

13.

14.

15.

Consider the figure,

Assertion Unlike in the case of bar magnet, the
field lines go into the earth at the North
magnetic pole (N ) and come out from the
South magnetic pole (S,,).

Reason The magnetic North was the direction to
which the North-pole of a magnetic needle pointed;
the North-pole of a magnet was so named as it was

the North seeking pole.

Assertion A magnetic needle, which is free to
swing horizontally, would lie in the magnetic
meridian and the North-pole of the needle
would point towards the magnetic North-pole.

Reason The line joining the magnetic poles is
tilted with respect to the geographic axis of the
earth, the magnetic meridian at a point makes
angle with the geographic meridian.

Assertion When magnetic field is applied to a
diamagnetic substance, those electrons having
orbital magnetic moment in the same direction
slow down and those in the opposite direction
speed up.

Reason This happens due to induced current in
accordance with Lenz's law and the substance
develops a net magnetic moment in direction
opposite to that of the applied field and hence
repulsion.

Assertion Susceptibility is defined or the ratio
of intensity of magnetisation | to magnetic
intensity H.

Reason Greater the value of susceptibility
smaller value of intensity magnetisation I.

Assertion The pole of magnet cannot be
separated by breaking into two pieces.

Reason The magnetic moment will be reduced
to half when a magnet is broken into two equal
pieces.

16.

17.

18.

19.

Assertion Substances which at room
temperature retain their ferromagnetic property
for a long period of time are called permanent
magnets.

Reason Permanent magnet can be made by
placing a ferromagnetic rod in a solenoid and
passing current through it.

Assertion Ferromagnetic substances are those
which gets strongly magnetised when placed in
an external magnetic field.

Reason The individual atoms (or ions or
molecules) in a ferromagnetic material possess
a dipole moment as in a paramagnetic material.

Assertion A paramagnetic sample displays
greater magnetisation (for the same
magnetising field) when cooled.

Reason The magnetisation does not depends
on temperature.

Assertion The poles of a bar magnet cannot be
separated.

Reason Magnetic monopoles do not exist.

CASE BASED QUESTIONS

Directions (Q.No. 20) This guestion is case study
based gquestion. Attempt any 4 sub-parts from this
question. Each question carries 1 mark.

20.

Dipole in Magnetic Fields

To determine the magnitude of B accurately, a
small compass needle of known magnetic
moment m and moment of inertia I is allowed to

oscillate in the magnetic field. This arrangement
is shown in figure.

(i) The torque on the needle is
(a) T=2m xB (b)t=m =B
c) T=m xB/j2 (d) T=m x2B

(ii) Which of the following represents a simple
harmonic motion?

2
(a) i H=_Eg
dt* I
(b) £=_Eﬂ
di? I
2
() d IE'=”’1_j:-‘|;|
dt I
d*8 mB
d =M™
@ dt? I



(iii) The time period of oscillation of the dipole is

’.‘H { I
2 . [— by 2m . |—
(a) 2x mB (b) 2x 2mAB
I I
’_ d) 2 ’_
ic) 4m (d) 2m —

(iv) The magnitude of the magnetic field if time
periodis T is

2 2
@) E=a1.11: 21 (b) B=211:TI
m m
r’l Il
(c) B= (d) B=
2 2
2mT 2mT

(v) The magnetic potential energy U, is given
by
fa) U,=-m-B
(b) U, =m-B
) U_=2m-B
(d) U, =—2m-B

VERY SHORT ANSWER Type Questions

21.

22,

23.

24,

25.

26.

27.

28.

29.

Name the physical quantity having unit J/T.
CBSE Sample Paper

What is the basic difference between magnetic
and electric field lines?

In a submarine, a compass becomes ineffective.
Why?

Why is diamagnetism almost independent of
temperature?

If a toroid uses bismuth for its core, will the
field in the core be (slightly) greater or (slightly)
less than when the core is empty?

One cannot write the proportionality B = uH for
the ferromagnets. Comment.

“Alkali halides are diamagnetic rather than
paramagnetic.” Explain why?

The magnetic susceptibility of magnesium at
300K is 12x10°, At what temperature will its
magnetic susceptibility become 144 x10%7?

[CBSE 2019]

The magnetic susceptibility of y of a given

material is —0.5 Identify the magnetic material.
[CSBE 2019]

SHORT ANSWER Type Questions

30.

31.

32.

33.

34.

What is the net magnetic moment of two
identical magnets each of magnetic moment m,
inclined at 60° with each other?

What are the magnetic field lines? State their
properties. Why two such lines do not intersect
each other?

A wire of length L is bent in the form of a circle
of radius R and carries current I. What is its
magnetic moment?

Derive an expression for the torque acting on a
bar magnet placed in the uniform magnetic field.

Suppose you have two bars of identical
dimensions, one made of paramagnetic
substance and the another of diamagnetic
substance. If you place these bars along a
uniform magnetic field, show diagrammatically,
what modifications in the field pattern would
take place in each case?

LONG ANSWER Type I Questions

35.

36.

37.

38.

39.

(a) State Gauss's law for magnetism. Explain its
significance.
(b) Write the four important properties of the
magnetic field lines due to a bar magnet.
[CBSE 2019]

Write three points of differences between para-,
dia- and ferro- magnetic materials, giving one
example for each. [CBSE 2019]

Define magnetic susceptibility of a material.
Name two elements, one having positive
susceptibility and the other having negative
susceptibility. What does negative susceptibility

signify?

Draw a plot showing the variation of intensity
of magnetisation with the applied magnetic
field intensity for bismuth. Under what
condition does a diamagnetic material exhibit
perfect conductivity and perfect diamagnetism?

Explain the following:
(i) Diamagnetism is the result of induced
magnetic dipole moments.

(ii) Hysteresis associated with a loss in
electromagnetic energy.



40.

Explain the phenomenon of hysteresis in
magnetic materials. Draw a hysteresis loop
showing remanence and coercive force.

LONG ANSWER Type 11 Question

41.

(i) Abar magnet of magnetic moment M is
aligned parallel to the direction of a
uniform magnetic field B. What is the
work done, to turn the magnets, so as to
align its magnetic moment
(a) opposite to field direction and
(b) normal to field direction?

(ii) Steel is preferred for making permanent
magnets, whereas soft iron is preferred for
making electromagnets. Give one reason.

NUMERICAL PROBLEMS

42.

43.

1. (a) 2. (a)
6. (o) 7. (a)

Calculate the magnetic induction at a point

4 cm from the centre and along the equator of a
bar magnet of length 6 cm and magnetic
moment 0.26 A-m”,

A bar magnet of length 0.1 m and a pole
strength 10™* A-m is placed in a magnetic field
of 30 Wb/m? at an angle 30°. Determine the
couple acting on it.

ANSWERS

3. (d) 4. (d

8. (@

5. (b

9. (¢) A compass is simply a needle shaped magnet that

10.

mounted so that it can rotate freely about a vertical axis.
When it is held in a horizontal plane, the North-pole end
of the needle points, generally, towards the geomagnetic
North-pole (really a South magnetic pole). Thus, true
geographic North direction cannot be found by using a
compass needle. Now, vertical plane passing through the
magnetic axis of earth’s magnet is called magnetic
meridian.

(b)

(a) If one looks at the magnetic field lines of the earth
one sees that unlike in the case of a bar magnet, the field
lines go into the earth at the North magnetic pole (N )
and come out from the South magnetic pole (S, ).

The convention arose because the magnetic North was
the direction to which the North-pole of a magnetic
needle pointed; the North-pole of a magnet was so

named as it was the North seeking pole.

12

13.

14,

15.
17.

20.

Thus, in reality, the North magnetic pole behaves like
the South-pole of a bar magnet inside the earth and
vice-versa.

(b) A magnetic needle which is free to swing
horizontally would, lie in the magnetic meridian and the
North-pole of the needle would point towards the
magnetic North-pole.

The line joining the magnetic poles is tilted with respect
to the geographic axis of the Earth, the magnetic
meridian at a point makes angle with the geographic
meridian.

()

(c) From the relation, susceptibility of the material is

1
=— = I=y.H

Thus, it is obvious that greater the value of
susceptibility of a material greater will be the value of
intensity of magnetisation i.e., more easily it can be
magnetised.

(b) 16. (b)
(c) 18.(b) 19. (a)
(1) (b) The torque on the needle is

tT=mxB
Magnitude of torque, T= mBsin 6
(i1) (a) Torque on the needle
T=mBsin 0

Here, tis restoring torque and 6 is the angle between

m and B.
2

Therefore, in equilibrium % =-—mBsin 0
Negative sign with mB sin 6 implies that restoring
torque is in opposition to deflecting torque. For small
values of 8 in radians, we approximate sin 6 = 8 and
we get

I—=-mBO or —,=—£6
dt* dt* I
This represents a simple harmonic motion.
(iii) (d) The square of the angular frequency is
@* = mB/ Il and the time period,

2
T=2r JL or B=%
mB mT
an’l
(iv) (a) The magnitude of the magnetic fieldis B= —
m

(v) (a) An expression for magnetic potential energy can
also be obtained on lines similar to electrostatic
potential energy.

The magnetic potential energy U, is given by

U, = [10) #= [ mBsin 0 4

=(-mBcosf)=-m-B



21.

22,

24,

25.

26.

7.

28,

29.

30.

The torque acting on a bar magnet placed in a uniform
magnetic field is

T=M=xB
where, M is the magnetic dipole moment and B is the
magnetic field.

= M= % = Joule (J)/Tesla(T)

- Magnetic dipole moment { M ) has unit of |/T.

The magnetic field lines form continuous closed loops,
whereas the electric field lines begin from a positive
charge and end on the negative charge or escape to
infinity.

The body of a submarine is made of steel and other
magnetic substances which causes the compass needle
to deviate from the magnetic meridian.

Diamagnetism is independent of temperature because
the value of susceptibility (a measure of relative amount
of induced magnetism) is always negative.

Bismuth is a diamagnetic material. So, when it is kept in
an external magnetic field the field lines are repelled and
the field inside the material is reduced.

For ferromagnets, we cannot write B = uH because the
relation between B and H is not linear and it depends on
the magnetic history of the sample. This phenomenon is
called hysterisis.

The alkali halides are all diamagnetic because of the
absence of unpaired electrons. So, they do not show
paramagnetism.

The susceptibility of magnetic material is inversely
proportional to temperature, ie.

Lm "‘?
LulT) 300

300 1.2 %10°
¥ (300K) T -

= 250K
144 x10°

Substance having (small) negative value (—05) of
magnetic susceptibility ¥, are diamagnetic.
M=y M? + M + 2M,M, cos B

31.
32

33.
34.
35.

36.

37.

39.

40.
41.

42,
43.

Refer to text on page 222,
As, L =2nR
= R=—
2nm
= M=IA=]xnR*
R U
=JInx 7=
4 41

Refer to text on pages 224 and 225.
Refer to text on pages 236 and 237.
(a) Refer to text on page 227.
(Magnetism and Gauss' Law)
(b) Refer to text on page 222.
{Properties of Magnetic Field Lines)
Difference between para-, dia- and ferro-magnetic
materials
Refer to text on pages 238 and 239.
(Comparative Study of Magnetic Materials)
Refer to text on page 235.
Here, intensity of magnetisation varies inversely with
magnetic field strength ie., — I == H as shown in figure.

=1

|

Refer to text on page 236.

(i) Refer to text on page 236.

(ii) Refer to text on page 238,
Refer to text on pages 237 and 238
(i) W =—MB (cos8—cos )

(ii) Refer to text on page 238.
Refer to Q. 29 on page 229.
Torque, T = MBsin@




