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Magnetic levitation




Earth behaves like

Freely suspended
comes to rest in a position which is

along
. This means the magnetic pole of the Earth and

geographic pole of the Earth do not coincide.

If the north pole of the magnet compass points to the
north then the magnetic pole at the northern end of
the Earth should be a south pole

This implies, the southern end of the Earth should be
north pole.
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Definition

at a point (place) is defined
as a plane containing that point and the

geographic north and geographic south pole of
the Earth.

at a point (place) is defined as
a plane containing that point (place) and the
magnetic north and magnetic south pole.

 The quantities that are completely determine
Earth’s magnetic field are defined as the



Geomagnetism

* To completely specify the magnetic field at
any point on the surface of the Earth, we have
to specify three elements at a point

» Declination or magnetic declination (D)
» Dip or magnetic inclination (I)

» Horizontal component of Earth’s magnetic
field (B,)
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Let B, be the net Earth’s magnetic field
at a point P on the surface of the Earth.
B, can be resolved into two perpendicular
components.

Horizontal component B, =B, cosl

‘ertical component B, =B, sinl

The resultant magnetic field of the Earth is




* At magnetic equator

i
! wlh}
This implies that the horizontal SN S Gy
component is maximum at equator and ‘: Sl .

vertical component is zero at equator.

This implies that the vertical component
is maximum at poles and horizontal

component is zero at poles.
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where d is the vector drawn from south

prole to north pole and its magnitude |¢_:f| — 2.

The SI unit of magnetic moment is A m”.
Note that the direction of magnetic moment
is from South pole to North pole.




(i) Polestrength is a scalar guantity

with dimension [IWVIFLTTA]. Its SI

unit is N T (newton per tesla) or
A m (ampere-metre).

(ii) Like positive and negative charges
in electrostatics, morth pole of a magnet
experiences a force in the direction of
magnetic field while south pole of a magnet
experiences force opposite to the magnetic
field.

(iii) Pole strength depends on the nature
of materials of the magnet, area of cross-
section and the state of magnetization.

(iv) If a magnet is cut into two equal halves
along the length then pole strength is
reduced to half.

() If a magnet is cut into two equal halves
perpendicular to the length. then pole
strength remains same.

(vi) If a magnet is cut into two pieces, we
will not get separate north and south poles.

Instead, we get two magnets. In other words,
isolated monopole does not exist in nature.




Its unitis N A' m™




Properties of a bar magnet

1. A freely suspended bar magnet will always point along the north-
south direction.

2. A magnet attracts another magnet or magnetic substances
towards itself. The attractive force is maximum near the end of the
bar magnet. When a bar magnet is dipped into iron filling, they
cling to the ends of the magnet.

3. When a magnet is broken into pieces, each piece behaves like a
magnet with poles at its ends.

4. The pole strength of two poles of a magnet is equal of strengths.

5. The length of the bar magnet is called geometrical length and the
length between two magnetic poles in a bar magnet is called
magnetic length. Magnetic length is always slightly smaller than
geometrical length.




Properties of Magnetic field lines

1. Magnetic field lines are continuous closed curves. The direction of
magnetic field lines is from North pole to South pole outside the magnet
and South pole to North pole inside the magnet.

2. The direction of magnetic field at any point on the curve is known by
drawing tangent to the magnetic line of force at that point. In the Figure,
the tangent drawn at points P,Q and R gives the direction of magnetic field
at that point.

3. Magnetic field lines never intersect each other. Otherwise, the magnetic
compass needle would point towards two directions, which is not possible.

L = L

4. The degree of closeness of the field lines determines the relative strength
of the magnetic field. The magnetic field is strong where magnetic field lines
crowd and weak where magnetic field lines thin out.



The rwurmber of magnetic field lines
crossirig per wunit area is called mmagrnetic

e db> . Mathematically, the magnetic flux

through a surface of area A in a uniform
magnetic field is defined as

®,=BA=BAcosd =B A | where 0 is the angle between Band A

Special cases

(a) When B is normal to the surface i.e.,

0 = 0° the magnetic flux is ®, = BA

(maximum).

(b) When B is parallel to the surface ie,
0 = 90°, the magnetic flux is © = 0.




g = Iﬁtﬁ

Magnetic flux is a scalar guantity. The SI unit
for magnetic flux is weber. which is denoted
by symbol Whb. Dimensional formula for
magnetic flux is [j"lr'_fL?T_;'A_':l . The CGS unit
of magnetic flux is Maxwell.

1 weber = 10% maxwell

The magnetic flux density can also be
defined as the number of magnetic field

lines crossing unit area kept normal to the

direction of line of force. Its unit is Wb m™?
or tesla.




EXAMPLE 3.4

Calculate the magnetic flux coming out
from the surface containing magnetic
dipole (say, a bar magnet) as shown in
figure.

Surface _ ]
Here the integral is taken over closed

m surface. Since no isolated magnetic pole
(called magnetic monopole) exists, this

w integral is always zero,

@Rdﬁﬂ}

Solution This is similar to Gausss law in

electrostatics.

Magnetic dipole is kept, the total flux
emanating from the closed surface S is
Zero. So,




Magnet — Monopole or dipole?

* For Magnets — no isolated monopole exists
* Only dipole exists

* |n general, except isolated monopole, all the
higher order moment exists for magnetism —
dipole moment, quadrupole moment,
octopole moment, etc. (often known as
multipole expansion)
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Coulomb’s law in magnetism
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Dipole — magnetic field at a point

* Dipole - (a) Magnetic field at axial line
(b) Magnetic field at equatorial line



(D is the geometrical center of bar magnet)

Results from electrostatics

where p = p i .




equatorial - 4:”;
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Results from electrostatics

E,=-—

fot

3
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since p = 2gap
-

Note that magnitude of B__ is twice that

of magnitude of B and the direction of
eq

uatorial
B ., andB are opposite.

equatorial




EXAMPLE 3.6

A short bar magnet has a magnetic moment
of 0.5 ] T' Calculate magnitude and
direction of the magnetic field produced by
the bar magnet which is kept at a distance
of 0.1 m from the center of the bar magnet
along (a) axial line of the bar magnet and
(b) normal bisector of the bar magnet.

Solution

Given magnetic moment 0.5 J] T' and
distance r = 0.1 m

(a) When the point lies on the axial line of
the bar magnet, the magnetic field for
short magnet is given by

]
. —

2%0.5
(0.1)°

]'E:lxlﬂ‘*T?

Hence, the magnitude of the magnetic field
alongaxialis B___ = 1x 10" T and direction
is towards South to North.

(b) When the point lies on the normal
bisector (equatorial) line of the bar
magnet, the magnetic field for short
magnet is given by

E _ u’:- Pm{?

equatorial o ATC _rj !

0.5
(0.1)°

-7

equatorial

]’E — —05%x107*T i

Hence, the magnitude of the magnetic field
= 0.5 x 10* T and

equatorial
direction is towards North to South.

-
Note that magnitude of B___ is twice that of

along axial is B

magnitude of B and the direction of

uatorial

B _ andB are opposite.

equatorial




The force experienced by north pole




This implies, that the net force acting on ; (3) Wh}’ d fl‘EEl}’ SUSPEHdEd

the dipole is zero, but forms a couple which - bar magnet in your

tends to rotate the bar magnet clockwise

. laboratory experiences only

The moment of force or torque {orque (rotational motion) but not any
experienced by north and south pole about

(here) in order to align it along B.

point O is translatory motion even though Earth
i— ON x F, + OSx F, has non-uniform magnetic field?
t=ONxgq,B+OSx(—q,B) It is because Earth’s magnetic field is

By using right hand cork screw rule, we locally(physics laboratory)uniform.

conclude that the total torque is pointing  (b) Suppose we keep a freely suspended
into the paper. Since the magnitudes bar magnet in a non-uniform

‘m‘ = ‘ES‘ =1 and qmﬁ‘ = ‘—qmﬁ : the magnetic field. What will happen?
magnitude of total torque about point O It will undergo translatory motion
r =Ixq Bsin@+Ixq_Bsin® (net force) and rotational motion

(torque).

T =2Ixg_Bsinf

T = p, Bsing (-.g,.=x21=p,.)

In vector notation, T = p, x B



Show the time period of oscillation when a
bar magnet is kept in a uniform magnetic

field is T=27 fLBin second, where I
P

represents moment of inertia of the bar
magnet, p_ is the magnetic moment and is
the magnetic field.

Solution

The magnitude of deflecting torque (the
torque which makes the object rotate)
acting on the bar magnet which will tend
to align the bar magnet parallel to the
direction of the uniform magnetic field B
is

7|=p,Bsind

The magnitude of restoring torque acting
on the bar magnet can be written as

d’6
dt’

Under equilibrium conditions, both

|f|=1

magnitude of deflecting torque and
restoring torque will be equal but act in the
opposite directions, which means
dl
dt

=—p Bsin@

The negative sign implies that both are in
opposite directions. The above equation

can be written as
d-? P 5 ——sinf
dt I



This is non-linear second order

homogeneous differential equation. In
order to make it linear, we use small angle
approximation as we did in XI volume
II (Unit 10 - oscillations, Refer section
10.4.4) i.e., sinf ~ 6, we get

2
0__pB,
dt I

This linear second order homogeneous
differential equation is a Simple Harmonic
differential equation. Therefore,

N BN .
[ [
Toom |——
p.B

T=21 ,L in second
meH

where, B is the horizontal component of
Earths magnetic field.




If the dipole is rotated through a very
small angular displacement dO against the
torque 7, at constant angular velocity, then
the work done by external torque (7, ) for
g this small angular displacement is given by

dw =\t |d6

The bar magnet has to be moved at
constant angular wvelocity, which implies

that |7, |=|7_,|

When a bar magnet (magnetic dipole) of

dipole moment p_is held at an angle B with
the direction of a uniform magnetic field B dW = p, Bsin do




Total work done in rotating the dipole
from 0 to O is

o @ _
W= | 1d6= | p,Bsin6d0= p, B[—cos6 d6)
o o

W =—p B(cosf —cosf’)

This work done is stored as potential

energy in bar magnet at an angle 8 when
it is rotated from 0’ to O and it can be

written as

U =—p, B(cosf —cosf")




The potential energy stored in a bar magnet

in a uniform magnetic field is given by

Case 1
(i) If O = 0°, then

U=—p B(cosO0')=—p_ B

Frl

(ii) If 6 = 180°, then
U=—p Blcosl80°)=p B

We can infer from the above two results,
the potential energy of the bar magnet
is minimum when it is aligned along the
external magnetic field and maximum
when the bar magnet is aligned anti-parallel
to external magnetic field.




Otherwise, the magnetic dipole orients

EXAMPLE 3.8 anti-parallel (0 = 180°) to the magnetic

Consider a magnetic dipole which on field with energy,

switching ON external magnetic field orient
= —p, Bcos180

only in two possible ways i.e., one along the Ui parata = U maximum

direction of the magnetic field (parallel
to the field) and another anti-parallel to
magnetic field. Compute the energy for the

= Unm'i'—p-arm'.fef = me

since cos 180" = -1
possible orientation. Sketch the graph.

Solution o -
Direction of Direction of
Magnetic dipole Magnetic dipole

Let p  be the dipole and before switching T parallel o lﬂn!ﬁpﬂmﬂm o

ON the external magnetic field, there is no external external

magnetic field magnetic field
Magnetic dipole Magnelic dipole
As soon as external magnetic field is switched .., Extemnal
ON, the magnetic dipole orient parallel Magneticfield Magnetic field
(0 = 0°) to the magnetic field with energy,

orientation. Therefore, the energy U = 0.

T U = p,B (anti-parallel orientation)

U inimum = — P B€0OSO u=o /
minimum — — Pm €OS —_ AU = 2p,,B (energy separation)

\

U parallel =

Upam”ef = _PmB

. U = -p..B (parallel orientation)
since cos 0°=1




Tangent law

When a magnetic needle or magnet is freely

suspended in two mutually perpendicular
uniform magnetic fields, it will come to rest
in the direction of the resultant of the two

fields.




When an electric current is passed
through a circular coil of radius R having N
turns, the magnitude of magnetic field at the
center is

The horizontal component of Earths
magnetic field can be determined as

1
B, =u— in tesla
n = e tane




1. The current in circuit can
be calculated from I = K tan
0, where K is called reduction

factor of tangent Galvanometer, where

—_ E‘lr-":“."BJ'-E
uN

K

2. Sensitivity measures the change
in the deflection produced by a unit
* current, mathematically

de 1

i 2
K[H%]

3. The tangent Galvanometer is most
sensitiveatadeflectionof45°. Generally
the deflection is taken between 30°
and 60°.

EXAMPLE 3.9

A coil ofatangent galvanometer of diametrg
0.24 m has 100 turns. If the horizonta
component of Earths magnetic field i

25 %X 10° T then, calculate the curren
which gives a deflection of 60°.

Solution
The diameter of the coil is 0.24
Therefore, radius of the coil is 0.12 m.

Number of turns is 100 turns.

Earth’s magnetic field is 25 x 10° T

Deflection is

0 =60" = tan60° = /3 = 1.732
=N

2%0.12%25%10°°
T 4x10 7 x3.14x100

[=0.082 A

I tan®

%1.732=0.82x10""A
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