A magnet‘ 1s a material or an object that produces
a rna.lgnenc field. The magnetic field is invisible
but is responsible for most notable property of
magnet.

1.1 Force Between Two
Magnetic Poles

Magnitude of force acting between two magnetic
poles is given by
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where, m, and m, are magnetic strength of poles
and k is magnetic force constant.

Its SI unit is A-m.

Magnetic Field Lines

These are imaginary lines which give pictorial
representation for the magnetic field inside and
around the magnet. e
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are given as below:
form continuous closed loops.
o the field line gives direction
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Their properties
(i) These lines

- The tangent t .
(i) gf the field at that point.

(iti) Larger the density of the lines, stronger wj]
be the magnetic field.

(iv) These lines do not intersect one another.

1.2 Magnetic Dipole

An arrangement of two equal and opposite
magnetic poles separated by a small distance.
e.g. A bar magnet.

Magnetic Dipole Moment (M)

It represents the strength of magnets. The
magnetic dipole moment of a magnetic dipole is
given by M=mx21

where, m is pole strength and 211is = =
dipole length directed from S to N. :S s
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The SI unit of magnetic dipole
moment is A-m? or J/T. It is a vector quantity and
its direction is from South pole to North pole.

Magnetic field strength at a point due tod
bar magnet at

(i) on axial line (end-on-position)
By 2M i

dg .r I
The direction of magnetic field is along the
direction of magnetic dipole moment (M).

(ii) on equatorial line (broadside-on-position)
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The direction of magnetic field is parallel to
the magnetic dipole and opposite to the
direction of dipole moment.

1.3 Torque on a Bar
Magnet in a Uniform
Magnetic Field

A uniform magnetic field B is represented by
equidistant parallel lines, NS is a bar magnet of
length 2/ and strength of each pole is M.

T=MBsin6=M xB

Torque,
M
B B
t=MxB
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where, 8 is the angle between M and B. Its SI
unit is joule per tesla (JT™').

Tmax = MB, when dipole is perpendicular to the
field and T =0, when dipole is parallel or
anti-parallel to the field.

Potential Energy of a Magnet
Dipole (Bar Magnet) in @
Magnetic field

Potential energy of a magnetic dipole in a

- Magnetic field is given by

U=-MBcos6 =-M-B

', Where, § is the angie between M and B.

Work done in rotating the dipole in a uniform
- Magnetic field from 6, to 6, is given by
W= MB (cos 6, — cos 8,) - #

;he_dhection of dipole moment can be obtained
oY Tight hand thumb rule. Its ST unit is A-m?,

Current loop behaves like a magnetic dipole whose
Pole moment s given by

M=1A

~

1.4 Magnetic Dipole Moment

Magnetic dipole moment of a revolving electron is
given by

(4
M= or M=-1L
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where, v is the speed of electron on a circular path
of radius r. L is angular momentum and given as

L = mvr.

Orbital magnetic moment
of a revolving electron

Mutual Interaction

Mutual interaction between two magnetic dipoles is
7o, OHIT,
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where, m; and m, are magnetic strength of poles of
two different magnets.

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,
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where, I =moment of inertia of the magnet,
M =magnetic moment and

B =magnetic field intensity.

Bar Magnet as an Equivalent
Solenoid

The expression of magnetic field at distance 7 from,
centre is given by

B= Mo 2M
4 _r3

This expression is equivalent to that of bar magnet.



1.5 The Electrostatic Analogue

The magnetic dipole is analogous to an electric
dipole consisting of two equal charges of opposite
sign (+q) seprated by a certain distance (2a). It has an
electric dipole momentic p = g(2a)

The Dipole Analogy

Electrostatics Magnetism
Free Space,Constant J

(1/€y) (Ho)
Dipole moment p M
Equatorial field for a short  —p/4me,r’ —poM/4mr’
dipole
Axial field for a short dipole ~ 2p /4me,r’ Wo2M/4mr’
External field : Torque p xXE M xB
External field : Energy -p-E -~ M:-B
Magnetism and B

Gauss' Law ~—X

The net magnetic flux (¢z) / %r ) W

b
through any closed surface is = B
always zero. M
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.
0 = 2ZB-AS=0

=§>S E-AS=0
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Intensity of Magnetisation (/)

The magnetic dipole moment induced per unit
volume in the field of specimen of magnetic
material in magnetising field is known as
intensity of magnetisation.
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where, M = magnetic dipole moment,
m = pole strength,
V = volume of specimen

and A = cross-sectional area.

Magnetic Inductor (B)

The resultant magnetic field produced inside the
specimen of magnetic material after
magnetisation is known as magnetic inductor.

Magnetic Permeability (i)

It is equal to the ratio of magnetic induction to
magnetising field -

H=-§

Magnetic Susceptibility (y,,) Itisequal to
the ratio of intensity of magnetisation and

magnetising field yx,, = %

It has no unit. It is a scalar quantity.

Magnetic Induction (B)

It is defined as the total number of magnetic lines
of force crossing per unit area through the magne
material.

B=po (H +I)=HoH L+ X
where, i, = permeability of free space,
H = magnetising field

and I = intensity of magnetisation.
The SI unit of magnetic induction is Tesla(T) or

Wbm 2 which is equivalent to Nm A~ or JA

2.4 Classification of
Magnetic substance

On the basis of mutual interactions or their
behaviours, the magnetic materials placed in a
uniform magnetic field are classified into three
parts.

(i) Paramagnetic substance

(ii) Diamagnetic substance

(iii) Ferromagnetic substance

Y.

Property Paramagnetic substance Diamagnetic substance Ferromagnetic substance '

When placed in a Feebly magnetise along Feebly magnetise opposite ~ Strongly magnetise alons
uniform magnetic applied field to magnetic field or magnetic field
field ; repelled by magnets
Susceptibility (X, Small and positive Small and negative Very large y;,,,>1000

0<xm<E, =Ny <0

€ = small number B N
Relative permeability 1 <p,<l+e€ Positive and less than one  Large value ., >1000

- e=small number O<p,<1
Effect of temperature 1 Independent with s 1 _(r>T)
T temperature LR T

Variation of Iwith H  Linearly change Linear change and Non-linear change 204

In a non-uniform
magnetic field

Tends to move from weaker
to stronger magnetic field

saturable low temperature

Tends to move from
stronger to weaker
magnetic field

ultimately attains
saturation

Tends to move quicleCr
from weaker to SO
magnetic fifld e

Examples

Pb, H,0, NaCl, Bi, Cu, Si, Sb

Na, Ca, O,, CuCl,, Al

Ni, Co, Fe, Fe;0 64~










