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Chapter 3 (c) Magnets & earth’s magnetism

28 Magnets and Magnetism:-

An 1on ore [black iron oxide (Fe;0,4)] also called magnetite having the property of attraction of
small piece of iron, nickel, cobalt etc 1s called a magnet & its property of attraction 1s called
magnetism.

29 Artificial magnets:-

The natural magnet is weak 1n strength. So some artificial magnets are formed by the help of wron &
some other magnetic materials. These may be of different shapes as

Bar magnet: - A magnet in the shape of bar.
Magnetic needle: - It is a needle made of magnetic material can rotate at its center.

Horse shoe magnet: - A magnet having shape like shores shoe.

A

Ball ended magnet: - A thin bar whose ends are circular.

30 Basic properties of magnet:-

Attractive property: - Magnet attracts small piece of iron nickel, etc.

Directive property: - Magnets rest in North south direction when suspended freely.
Magnetic poles always exist in pairs; a single North or South Pole may not exist.
Like pole repel each other & unlike pole attract each other.

S

Magnetic induction:-A magnetic substance becomes magnetized when placed near to a magnet
this property 1s called magnetic induction.

31 Some basic definitions connected with magnetism:-

1. Magnetic field: - The space around a magnet in which its magnetic effect can be experienced is
called its magnetic field.

2. Magnetic poles: - The region in a magnet where magnetic & ,K"g::;j‘
force 1s maximum 1s called magnetic poles. Aj\f. P
3. Magnetic axis: - The line passes through the poles of a - '

magnet 1s called magnetic axis.

0‘--—-—--—-1»..——__._0

4. Magnetic equator: - The line passes through the centre of *3% 7
magnet & perpendicular to magnet axis is called magnetic |€¢ = =, = -, >
c"'ﬂmﬁcn.lwls
equator.

5. Magnetic length: - The distance between the two poles of a magnet 1s called magnetic length.
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32 Coulomb’s Law of Magnetism:-

According to coulomb’s Law of magnetism, the force of interaction between two magnetic poles is
directly proportional to the pole strength of the poles and inversely proportional to the distance
between them.

mpmy
Le. Fpo¢ —5— o g o S T
AT
. _ g mamae ™ e 2"
Or Fm k 2 \ &'

Where k = ':—0 = 1s constant of proportionality & it value depends upon nature of the medium &
T

Y i Lt}

system of units taken. Or  F, po—

Where [1, is the permeability of free space & its value is 47 x 10™ Henry/meter.
If m; =m, = 1lunit and r =1m Then Fm::_::: 107 N

Hence a unit magnetic pole may be defined as a pole which when placed in vacuum at a distance of
one meter from an identical pole repels it by-aforce of 107 N.

m.imp

33 Magnetic dipoles & magnetic dipole moment:-

Magnetic dipoles: - An arrangement of two equal & opposite poles separated by a small distance 1s

called magnetic dipole.

Magnetic dipole moment:-The product of either pole of a magnetic dipole & the distance between

the poles 1s called magnetic dipole moment represented by m .It is a vector quantity having direction
from South to North. I e. M =mx 2l

C ]

- 2
S.I unit: Ampere metre”. ™ e ym,_

34 Magnetic field lines:-

The path along which a hypothetical unit north pole moves gives the magnetic lines of forces. The
tangent drawn at any point of the line gives the direction of magnetic field at that point.

Properties:-
1. The magnetic lines of forces move from South to north nside the magnet & North to south
outside the magnet.
Magnetic lines of forces do not intersect each other.
The starts & end normally to the surface.
Closer the magnetic lines of forces, stronger are the magnetic field.

kW

Electrostatic field lines originate at a positive charge and terminate at a negative charge or
fade at infimity. Magnetic field lines always form closed loops.
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35 Magnetic field strength at a point due to a bar magnet:-

(a ). Magnetic field strength at the axial point of bar magnet:-

Consider a bar magnet of magnetic strength m & having length2l. Now consider a point p having 2d
distance from center of the bar magnet. Then magnetic field strength at P due to N pole is

Mo m X 1 ppgm .
S4n NP2 T 4m(a-1)? (D)
Similarly magnetic field at P due to S pole is S 0 N 8, 8,
Jo— — + _-—q--—-—-——-é——.———-—--)
_komX1l __  pom i _.;“
By=n 5p7 = A (d+1)2 ~(2) 2;*1 .
So the net magnetic field at P1s B = B;-B;
] _Mo_m _ po _m _ Hom 1 _ 1
Or 4w d—1)2 4w (d+)2 4m [(d—2)2 (d+l)2]
_ uem [(d+z)2—(d—z)2]_ fom [d2+12+2d£—d2—£2+2dl]
T oam Y(@-D2(d+1)%"  4m (d2-12)?
__ pom.ddl __ puom.2d2l
T 4n(d2-12)2 0 4m(d2—12)2
_ mo 2Md
Or B= 4 (d2-12)2
. . . 2M
Special case:- _If dipole is small then l> << d so [? can be neglected = B= :—;d—3

(b) When point lies on equatorial point of a bar magnet:-

Consider a bar magnet of magnetic strength m & distance2l. Again consider a pomt P lying at the
equatorial point of bar magnet having d distance from center of the bar magnet.

Then magnet field at the point P due to N 1s

>
_ HomX 1 '@ Ho
 4m (NP)2 4w (124d2) along NP
. . ! 8)cosd
Similarly the magnetic field at P due to S 1s Grros b
Bo_m _ Ko
B or? ™ (1%+d?) along PS
€
As |§1> | = |B_2>| so B;sinf & B,sinf components cancel out each other. '£
So the net magnetic field can be given as :
m .
B =Bjcos0 + Bycosd =2Bjcos 6 (B;=B,) e B =
€« i >
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Or B=2xkt_m _ !
A (12+d?2) 12 +d
or B= oM __ M =m2l)

4 (12+d?)3/2

Special case:- If magnet 1s small then [ << d .so d can be neglected

N poM  _ poM
4w (d2)3/2  4nd3
Baxial
* Also ——= 2

Bequitarial

Example9. what is the magnitude of the equatorial and axial fields due to a bar magnet of length 5.0 cm at a distance of 50
cm from its mid-point? The magnetic moment of the bar magnet is 0.40 Am’.

- M _ 2M b
Solution as  Bequtariat =45o05 = 32 X 107'T  and Boy =525 = 64 X 10T

Examplel0. the earth’s magnetic field at the equator is approximately 0.4 G Estimate the earth’s dipole moment.

. . . . oM
Solution as the equatorial magnetic fieldis, B,qitariat = ad

We are given thatBE ~0.4G = 4 X 107° T. For r, we take the radius of the earth 6.4 x 10° m.

4 %1073 x(6.4 x 106)3

Hence, M = 07

= 1.05 x 10?3 Am? this is close to the value 8 X 10%24Am? quoted in geomagnetic texts

36 Torque on a magnetic dipole in magnetic field:-

Consider a bar magnet of length 21 placed at angle 6 with magnetic field B.

Then force acting at N pole 1s. along B & force acting at S pole is in opposite to magnetic field.
These equal & opposite force form a couple & exerts torque given as

T = force X perpendicular distance

mB X 2lsin@ = mB2l Sin6

Or T = MB Sinf

—

Or = MXB

Special case:-
1. When the magnet lies along the direction of magnetic field

then 6=0"= sin0 =0
= 1=0 (torque is minimum.)

2. When the magnet lies perpendicular to the direction of magnetic field then 8 =90° = sin 90°=1
= 1= MB (torqueis maximum)
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37 Potential Energy of a magnetic dipole:-

When the magnet dipole is placed in a magnetic field B then the dipole experiences a torque which
can be given as T = MB Sin6

This torque tends to align the dipole in direction of B. Now
small work is to be done to turn the dipole at small angle df as
dW = 1d6 = MBsin6do

If the dipole is rotated from 0; to 0,, then the total work done
will be W= fdw = [* MBsingde

= MB[—cosﬁ]gi
Or = MB[—cos8]y’
W = —MB][cos0, — cosb,]

This work done 1s stored as the potential energy U of the dipoleso U = MB[cosf@; — cos8,]

Examplell. A short bar magnet placed with its axis at 30° with an external field of 800 G experiences a torque of 0.016
Nm. (a) what is the magnetic moment of the magnet?

(b) The bar magnet is replaced by a solenoid of cross-sectional area 2 x 10~*m’ and 1000 turns, but of the same magnetic
moment. Determine the current flowing through the solenoid.

Solution (a) as T = m B sin 6,6 = 30° hence sinf =. Thus 0.016 = m X 800 X 10T X 3= m =160 X = = 040 Am?

104

(b) As m, =NIA. From part (a), mg = 0404Am? = 040 = 1000 X [ X 2 X 10* =171 = 0.40 X

= 24

38 Current loop as a magnetic dipole:- ™™

Consider a current carrying loop having current I flowing through it. Looking at upper face, the

current 1s anti clock wise so act as North Pole & m lower face current 1s clockwise so M
act as South Pole. Hence we can say a current carrying coil behave as a magnetic ot
dipole. The electric field at the axial pont of loop 1s E= y— i—‘j - (1) M
0
& the magnetic field at the axial poimnt of the loop1s B = ooy —(2)
Comparing eq” 1 & 2 we can see that both E & B have same distance dependence Lowenface

; . — ; . )
nature, same direction so A should be magnetic dipole moment. So we can say that )

magnetic dipole moment of circular loop 1s 7 . N A3)

Hence current loop behave as a magnetic dipole.
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Examplel2. A 100 turn closely wound circular coil of radius 10 cm carries a current of 3.2 A. (a) What is the field at the
centre of the coil?

(b) What is the magnetic moment of this coil? The coil is placed in a vertical plane and is free to rotate about a horizontal
axis which coincides with its diameter. A uniform magnetic field of 2T in the horizontal direction exists such that initially
the axis of the coil is in the direction of the field. The coil rotates through an angle of 90° under the influence of the
magnetic field.

(c) What are the magnitudes of the torques on the coil in the initial and final position?

Solution (A) Here, N=100; I1=3.2 A, and R =0.1 m. Hence,

-7 -5
nl_ 4x3.14x10 "x100x3.2 4x10 “x10 -3 .

=& = Z==2x10""T (Usingn x 3.2=10)
2r 2x0.1 2% 10

(b) The magnetic moment is givenby m = NI A = NInr?= 100 x 3.2 X 3.14 X 102 = 10 Am?2.
(c) T= M X B = mBsinf

Initially, 8 = 0. Thus, initial torque 7; = 0. Finally, 8 = % (or 90°) Thus, final torque T =mB =10Xx2 =20Nm

39 BAR MAGNET AS A SOLENOID:- or solenoid as a bar magnet.

Suppose a solenoid of radius a, length 2] & n. number of turns. Suppose I 1s the amount of current
passing through the solenoid. Now we have to caleulate magnetic field at point P having r distance
from the center of the solenoid. Consider a small length dx of the solenoid at distance x from 0.

Then total number of turn in dx = ‘ndx

!
[
r
|

= o
— -

As we know magnetic field at the axis of circular loop

- -
1S i
]
la’nd : (7
dB = w (remember 1t from 3 (a)) P < : o "
2r hY K} e - rd
( L
As x varies from -1 to [ - %
- ZHo 102 (! Ho g2l — Ho g2
So total magnetic field B 3 nla f—z dx- 3 nla® [x]2, o3 nla“.2l

Now if m 1s the magnetic dipole moment of the solenoid then

M = number of turn X current X area
= n(2l)Ina?
_ Mo 2n(2DIma?

4 r3
Mo 2M

> B= ——-
4 713
Which is the magnetic field at the axis of bar magnet hence we can say that a solenoid act as a bar

magnet.
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m.imp

40 Gauss Theorem In Magnetism:-

As we know Gauss theorem 1n electrostatic states that the surface integral of electric field over a

closed surface 1s i the total charge inclosed by the surface

-4
As $E.ds=—
But 1if there 1s an electric dipole then the gauss theorem i1s
$E.ds =0 (Because the net Electric field around electric dipole 1s zero.)

Now Gauss theorem in magnetism states that the surface intesral magnetic field over a closed path

is always zero.

Le. $B.ds =0
Because a magnet always exists in pair as magnetic dipole, 1.e. no single pole exists.

Consequence of Gauss theorem:-

¥ The magnetic poles always exist as unlike pairs of equal strength.

¥ The number of magnetic lines of forces entering a surface equal to number of magnetic
lines leaving the surface.

¥ An 1solated monopole does not exist in magnets.

¥* Magnetic lines of forces forms continuous closed curves.

41 Magnetic field of the earth:-

Earth 1s a powerful natural magnet. Its magnetic field 1s present everywhere near the surface of
earth. It 1s supposed that a huge magnetic field exist at the center of earth.

There is some evidence in support of earth’s magnetism:-

(1) A freely suspended bar magnets always rest in North South direction which suggest that
earth behave as a magnet.

(11)  An 1ron piece buried in the earth becomes weak magnet due to earth’s Magnetism.

(u1)  Existence of neutral point near a bar magnet that there is magnet in Earth which cancel the
magnetic field of bar magnet.
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42 Origin of Earth’s magnetic field:-

There are many theories given to prove earth’s magnetic field as.

(1) In 1600 William Gilbert suggested that at the center of earth there 1s a permanent magnetic
material due to which earth shows magnetism. But at the center of earth, it 1s very hot, no
magnetism may exist.

(11)  According to prof. Blackett earth’s magnetism is due to its rotation. As when earth rotates so
every substance rotates, as all substances are made up of electrons & protons so due to
circular motion of 10ns current produces due to which magnetism are shown by earth.

(1)  According to Bullard & W.M Elaster at the center of earth there 1s magnetic material like
won, nickel etc are in the molten state. These circulating 1ons in the conducting medium
form circular current loop which cause earth’s magnetism. This theory is somewhat
acceptable because moon which has no molten core have no magnetic field.

. The exact cause of earth’s magnetism is yet not known.

43 Some definitions in connection with Earth’s magneﬁsm:-m'imp

(1) _Geographic axis:-

The straight line passing through the geographical north  and South Pole of earth is called
Geographical axis.

(2) Magnetic axis: -

The straight line passing through the magnetic north and
South Pole of earth 1s called magnetic axis.

(3) Magnetic equator:-

The great circle on the Earth, perpendicular to the
magnetic axis called magnetic equator.

(4) Magnetic meridian:-

The vertical plane passing through the magnetic axis is
called magnetic meridian.

(5) Geographical meridian:-

The vertical plane passing through the geographical axis is
called Geographical meridian.
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44 ELEMENT OF EARTH’S MAGNETIC FIELD:-™"?

The earth’s magnetic field at a point can be completely described by three elements called elements
of earth’s magnetic field. Which are

1. Magnetic declination:-

The small angle between magnetic meridian and Geographical
meridian is called magnetic declination. It is represented by 6.

2. Magnetic inclination:-

The angle between the directions of total magnetic field of earth
with the horizontal line in magnetic meridian is called magnetic
inclination. It 1s denoted by § .

3. Horizontal component:-

D

It is the component of earth’s total magnetic field B in the
horizontal direction in the magnetic meridian. The horizontal components of earth’s magnetic field

Bata place 1s given by
By = B cosé

45 Relation between elements of earth magnetic field:-

The horizontal & vertical components of earth’s magnetic field can be given as
By =B oS0 ou....iiinno..... (1)

and By =Bsind  ................ (2)
Dnldmg & __Bsind _ sind _

By ~ Bcoss. coss

Also squaring and adding (1) & (2)

B% + B2 = B%(cos%6 + sin%6)

Or B = /B§,+B%

Examplel3. In the magnetic meridian of a certain place, the horizontal component of the earth’s magnetic field is 0.26G
and the dip angle is 60°. What is the magnetic field of the earth at this location?

He _ 026 _ 052G

Solution it is given that H; = 0.26 G. Also we have cos60° = HE Bp=——>F5=
B cos 60 0.5
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3(d) Classification of magnetic materials

46 Bohr magneton or magnetic dipole moment of revolving electron iy

As electron revolves 1n circular path in an atom, constitute current. Due to this current the atom

behaves as a magnetic dipole.  Le. I = %

2n . . . )
Here T = — = Time period of e revolution. = [ =e—
w

2
If A = mr? = area of conductor .Then magnetic dipole moment
M=1IA = %X r? = %e(mrz) —————— €))
From Bohr Theory mvr = %
nh
Or m(ro)r = —
- 2 = Mh 2, — b
Or mriw = — ST == (2) \L,
Putting in (1) = M =12 N
2 2mm
= M = n;i; = nup

= M = npu,

eh _ (1.6X10719)x(6.67x1073%)

Here =
L J— 4%3.14%(9.1x10-31)

9.27 X 10724 Am?

Here p,= 9.27 X 1072* Am? called Bohr magneton

Hence Bohr Magneton is the minimum magnetic dipole moment associated with an atom due to
orbital motion of an electron, in the first stationary orbit of atom.

47 Some important terms used in magnetism:- """

1. Magnetic permeability :-( 1)

The degree or extent to which magnetic field can penetrate a magnetic material is called magnetic
permeability. It 1s represented bypu.

It 1s defined as the ratio of magnetic induction to the magnetizing force.

Le. u ZS

Unit: - Hn™? ™ " 'm? ~(Tm?) A'm™? ™ TmA™
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Relative magnetic permeability

It 1s defined as the ratio of magnetic permeability of the material (¢) and the magnetic
permeability of free space (1)

Unzit: - unit less

2 Magnetic induction or magnetic flux density:-(B) or magnetic field strength:-

It 1s defined as the amount of force experienced by a unit +ve charge moving with unit velocity in
a direction perpendicular to magnetic field. It 1s also defined as the sum of external magnetizing
field (By) and the additional magnetic field produced due to magnetization of the material (B,), 1s
called magnetic induction B.

I,e. § = §g + §m
Unit-  Wb/m? or Tesla (T). The c.g.s. unit is Gauss [1 Gauss =10 Tesla]
3 Megnetising force or Magnetizing intensity (H)

The degree up to which a magnetic field can magnetize a material 1s represented n terms of

magnetizing force or magnetizing intensity (H), its magnitude may be defined as the number of
ampere turn (nl) flowing around the unit length of the solenoid required to produce the given
magnetizing field.

Thus H = nlI

AISO BO = ugnl = MOH
Or H- 2
Ho

Unit: - Am™ = Nm™T"!

4. Intensity of magnetization :-('I)

It tells about the extent to which a specimen 1s magnetized when placed in a magnetizing field.

In magnitude, it 1s defined as the magnetic moment per unit volume of the material

magnetic moment M
Le. = = ==
volume v
m X 21 m
\or = = —
a X 21 a
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Hence mtensity of magnetization may be defined as the pole strength per unit area of cross -section
of the material.

Unit — Am™ same as that of H

5. Magnetic susceptibility ()

It tells that how easily a specimen can be magnetized. It 1s defined as the ratio of intensity of

magnetization (I) induced material when magnetizing force is applied on it. It 1s represented byy,, .

I
Xm_ﬁ

It 1s also called volume susceptibility of the material.
Unit: - It 1s unit less.

48 Relation between magnetic permeability and magnetic susceptibility:-

If a magnetic material 1s placed in magnetizing field (H) then ntensity of magnetization (I) induces
in the material. Then magnetic induction possessed by material 1s

B =y (H+D

ButB = uH
H I
> uH=poH+D = p=po G +)

= u=py (T+y,)

= Se=p 51+ )
Ho

So me=1tx,)

Examplel4. A solenoid has a core of a material with relative permeability 400. The windings of the solenoid are insulated
from the core and carry a current of 2A. If the number of turns is 1000 per metre, calculate (a) H, (b) M, (c) B and (d) the
magnetizing current L,

Solution (a) the field H is dependent of the material of the core, andis H = nl = 1000 X 2.0 = 2 x 103 A/m.
(b) The magnetic field B is givenby B = [y H = 400 X 4w x 107 x 2 x 10° = 10T

B-ligH _ Gritg H-yligH
Ho Hg

(c) Magnetization is givenby M = = (U~ 1H =399 X H= 8 X 10°A/m

(d) The magnetizing current Iy is the additional current that needs to be passed through the windings of the solenoid in the
absence of the core which would give a B value as in the presence of the core. Thus B= i, ng (I + Iy).

Usingl = 2A,B = 1T,we getly = 794 A.

www.vartmaaninstitutesirsa.com 12




SANDEEP SONI’S PHYSICS COMPETITION CLASSES
VA RT M AA N (1041, 10+2, IT-JEE (Main & Advance), NEET, B.Sc. Agriculture, NDA)
E| N ST|TUTEE OPP: JHUNTHARA DHARAMSHALA NEAR SURKHAB CHOWK, HISSAR ROAD SIRSA
2 way to your bright futine PH- 94676-12340, 8708535733

49 Classification of magnetic materials:-

There may be three types of magnetic materials
1. Diamagnetic substances:- Those substances which are feebly (weakly) repelled by external

magnetic field are called diamagnetic substance. E.g. -> Hg, H,O, Au, Cu, Diamond, Zn, Quartz,
Antimony, Bismuth, Air, H, N,, All inert gasses etc.

2. Paramagnetic Substances:-Those substances which are feebly attracted by external magnetic
field are called paramagnetic substances. E,g:-Al, Cr, Mn, L1, Mg, Na, K, O,, etc.

3. Ferromagnetic substances:-Those substances which are strongly attracted by the external

magnetic field are called ferromagnetic substances e.g. Fe, N1, Co, Gadolinium etc.

50 Explanation of ferromagnetism: - ™"™P

Ferromagnetism 1s explamed by the Weiss on the basis of domain theory.

Domain:- A set of atoms which have the same direction of magnetic dipole moment or we can say a

set of atoms which are aligned in the same direction in a small piece of
il

ferromagnetic material called domain. There may be thousand of domain and M
each may contains thousand of electrons or atoms.

Domain theory:-When there 1s no any external magnetic field is applied on

ferromagnetic materials then set of domains are m such a way that the net

magnetization 1s zero. But when small external magnetizing field 1s applied
then due to displacement of boundaries & rotation of the domains the material

2!

acquires some net magnetization in direction of H.

And when strong magnetizing force is applied then all the items in domains = & 7

align 1n direction of external magnetizing field & the material becomes

magnetized, which remains for a long time even after removal of H. v
Hence ferromagnetic materials can be used to make permanent magnets. S, E

Examplel5. a domain in ferromagnetic iron is in the form of a cube of side length 1pm. ‘
Estimate the number of iron atoms in the domain and the maximum possible dipole moment
and magnetization of the domain. The molecular mass of iron is 55 g/mole and its density is 7.9 gfcms. Assume that each
iron atom has a dipole moment of 9.27x1 0A m>.

Solution The volume of the cubic domainis ¥V = (10°m)3 = 108 m?® = 1072 cm?

Its mass is volume X density = 79 gem™> X 1072 em?® = 7.9 x 107'%g

It is given that Avagadro number (6.023 X 10%3) of iron atoms have a mass of 55 g. Hence, the number of atoms in the domain

7.9 x10712x6.023 x 1023

isN = = = 8.65 X 100 atoms

The maximum possible dipole moment m,,,, is achieved for the (unrealistic) case when all the atomic moments are perfectly
aligned. Thus, m,,,, = (8.65 X 101%) x (9.27 x 107%*) = 8.0 x 10734 m?

The consequent magnetization is My, = ——2 — = 8.0 X 10713/1078 = 8.0 x 10°Am™

Domain volume
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51 Explanation of Para magnetism or Langevin’s theory of Para magnetism:-

In paramagnetic materials every atom have some

permanent magnetic moment, in the absence of [§ @ @ g @ ® © 0 ® ®

external magnetic field, th.e ne.t magn.etic moment 15 | @ © 0 g o 6 0 0 6 6

zero. But when external field 1s applied, then atoms ® ®

alien i : ©®o o ® ©® ©@ 66
gn m the direction of external magnetic field,

which remain till the field is applied and disappear © @ e @ ® & © & @8

when field 1s removed. Hence under the effect of A=o - -

external magnetic field the paramagnetic material shows magnetism.

Para magnetism decreases with rise in temp.

52 Explanation of diamagnetism:-

In case of some elements like B1, Cu, Pb which have fully filled electronic 2 M

configuration, the electrons exist in pairs and revolves in opposite direction.

Then the net magnetic moment of atom become zero. When such a atom 1s e ¢ e
placed 1n external magnetic field B, then the speed of one e increase and
that of second decrease. The magnetic moment of former electron mcrease
toM+ AM & that of latter electron decrease to-M - AM. So electron pair

get a net magnetic moment - 2 AM ‘in opposite to external magnetic field. M g
Due to this magnetic moment diamagnetic material repels the external magnetic field.

53 Curie law in magnetism:- <

According to curie law the intensity of magnetization (I) of a material is directly proportional to
magnetic induction (B) & inversely proportional to temperature (T) of the material.

Le. [ < B
1
B

ButB <« H = IocH?

I 1 _L
1
Or Xm:% Where C is called curie constant
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o youn it e

Curie temperature:-7he minimum temperature below which no any substance behaves as magnet

called Curie temperature

v For paramagnetic material ,, & p,not only depend on material but also on temperature.
v’ At very high field & low temperature the magnetization approaches to its maximum value.

v A thermometer based on curie law can measure temperature < 1 K.

54 Difference between Para, Ferro & diamagnetic substances:

mimp _

;- Paramagnetic materials Ferromagnetic materials Diamagnetic materials

0.

1 Those substances which are Those substances which are | Those substances which are feebly
feebly attracted by external @ strongly attracted by external | repelled by the external magnetic
magnetic field are called | magnetic field are called | field are called Diamagnetic
paramagnetic substances e,g. | ferromagnetic substance e,g. | substance e.g, All inert gasses,
Na, K, Al etc. iron, N1, Co, etc. N, H,, etc.

2 These substances tend to move | These substances tend to move = These substances tend to move
slowly from weaker magnetic | from weaker magnetic field to | from stronger magnetic field to
field to stronger magnetic field. | stronger magnetic field fastly. weaker magnetic field.

3 e freely suspended A freely suspended Ferro | A freely suspended diamagnetic
paramagnetic material aligns | magnetic material aligns in | material aligns itself perpendicular
itself in direction of external @ direction of external magnetic | to external magnetic field.
magnetic field. field.

4 The relative permeability value | The relative permeability value | The relative permeability value is
1s slightly greater than 1. | 1s of order of 1000. slightly less than one.

I<u<l1+E y> 1000 O<pu,<l

5 The susceptibility ~ varies | Susceptibility decreases with | Susceptibility does not depends on
inversely as temperature temp. In complex manner. temperature

6 | As soon as the H 1s removed I = Magnetization remains even | Magnetization lasts as long as the
disappear after removal of H. magnetizing field is applied

7 | B-Vector shows no hysteresis. | B — Vector shows the hysteresis | B vector shows no hysteresis.

loop.

8 These may be solid, liquid or | These are normally solids. These may be solid, liquid or

gas. gasses.

55 Hysteresis:-

m.imp

The world hysteresis 1s a Greek word which means delayed. In case of ferromagnetic materials,
the phenomenon of lagging of magnetic induction behind the magnetizing field is called hysteresis
loop.

Suppose an iron piece is placed in external magnetic field H. Then initially with increase of H, B
also mcreases up to point A. At A magnetic induction becomes maximum, this pomt is called
saturation point.
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After saturation point if we decrease magnetizing field then at H=0 there remains some amount of
magnetism in substance called retaintivity or residual magnetism.

Now to do B = 0 1f we increase H 1 reverse direction than at C, B becomes zero, here oc 1s called
correstivity. Now by increasing more H, the substance get starts magnetized in reverse direction &

follow the path CDEFA. The formed loop is called hysteresis loop.

Saturation point: - The value of magnetizing forces H at 4
which intensity of magnetization 1 becomes constant called
saturation point. A

[
Retaintivity or remainence or residual magnetism:- The P ':
magnetic induction left behind in the sample after the removal - / !
of magnetizing field is called retaintivity. =H = s /,: H'”m 2

m

Coercivity:- The value of reverse magnetizing field at which
A& D= satusation point

oB= &lkn,l'mﬁwfa
called Coercivity. oc= umﬁu'.la

the residual magnetic field of sample because zero is called is

Significance of area under hysteresis loop:- ¥

v' The product of B-H has the dimensions of energy per unit volume; hence the area under
hysteresis loop represents the emergy dissipated per unit volume in the materials when
magnetization is done.

v’ Tt also helps to make electromagnets of desired strength.

56 Types of Ferromagnetic _materials

1. Soft ferromagnetic materials:-

These are those ferromagnetic materials in which magnetism disappear after removal of external
magnetic field, e.g, iron, mu, metals, alloy etc.

I L
2. Hard ferromagnetic materials:- wf g
These are those ferromagnetic materials in which magnetism remains even Yol
after removal of magnetizing field. E.g. steel, alnico, Iodostone etc .
—>H
Q. Which one is better to make permanent magnet an iron or steel?
The hysteresis loop of both iron and steel are as shown 1n fig.

Here we can see that the retaintivity of iron is larger than that of steel. Means iron can be easily
magnetized. But the Coercivity of steel 1s much larger than that of iron, means if once steel 1s
magnetized, then magnetism remains for a long time. Thus steel is better than iron to make a

permanent magnet.
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57 Uses of ferromagnetic materials:- m.fmp

Ferromagnetic materials are used to make permanent magnets, electromagnetic Transformer cores
etc explained below.

(a).Permanent magnets :-

The magnetic material having ability to maintain their magnetic properties for a long time after
removal of magnetizing field are called permanent magnets. For making permanent magnets the
material should have high retaintivity high Coercivity & high permeability.

Steel 1s preferred to make permanent magnets, other are cobalt steel (52% 1ron, 36% cobalt,
7%tungsten, 4%chromium, 0.5% manganese & 0.5% carbon) carbon steel (98% Iron, 0.86%
Carbon and 0.9% Manganese) Alloy alnico (55% Iron, 10% Aluminum , 17% Nickel,12% Cobalt
& 6% Copper)

To magnetize a ferromagnetic material, a rod of material 1s placed 1 a current carrying solenoid
which magnetizes the rod.

b. Electromagnetic:-

An electromagnetic is made from materials which have high permeability & low retaintivity. A soft
iron 1s preferred to make electromagnets. When soft iron 1s placed i current carrying solenoid then
1t magnetize quickly & after removal of field demagnetize quickly due to low retaintivity.

¢. Transformer core:-

The material used for making transformer care must have high initial permeability, low hysteresis
lose, low resistivity these condition are found m iron, so soft iron is preferred for making
transformer cores and telephone diaphragms.
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-: SOME IMPORTANT MCQ:-

(1). Force on a charge particle will be zero when it is moving
(a) Parallel to magnetic field (b) Anti-parallel to magnetic field
(c) Atright angle to magnetic field (d) botha &b
(2). If a charged particle is moving parallel to magnetic field than magnetic force on charged particle will be
(a) Maximum (b) Minimum (c) Zero (d) Constant
(3). Earth magnetic field on its surface is nearly
(a) 3.5 % 10°T () 3.5x10°°T (€) 53x 10°T (d)5.3x 107°T

(4). Magnetic field at the centre of circular coil is

(a) (b) © (A

(5). Time period of revolution of particle in the magnetic field will be

gl
2nr

Eol
2r

gl
4nr

gl
2m

2mv 2nB 2mq

2mm
@ 3. ®) 3o ©) m @ =,

(6). To convert galvanometer into ammeter which one of the following is connected with the coil
(a) High resistance wire in series (b) Low resistance wire in parallel
(c) High resistance wire in parallel (d)  Low resistance wire in series
(7). The sensitivity of a moving coil galvanometer can be increased by decreasing
(a) The number of turns in the coil (b) The area of the coil
(c) The magnetic field (d) the couple per unit twists of the suspension
(8). Which of the following is responsible for earth's magnetic field
(a) Connective current in earth's core (b) Diversive current in earth's core
(c) Rotational motion of earth (d) Revolution of earth around sun
(9). A magnetic dipole momentis a vector quantity directed from
(a) South to North (b) North to South (c) East to West (d) West to East
(10). S.I. unit of magnetic pole strength is
(a) Ampere meter—! (b) Ampere meter—? (c) Ampere meter (d) Ampere meter?
(11) Gauss's law in magnetism conclude that
(a) Poles of a magnet can be isolated (b) Monopoles do not exist
(c) There is a counter part of charge in magnetism (d) none of the above
(12). What is the value of angle of dip at the magnetic equator
(a) 0° (b) 90° (c) 45° (d) Nearly 30°

(13). What is the angle of dip at a place where the horizontal component of the earth's magnetic field is equal to
the vertical component

(a) 0° (b) 30° (c) 45° (d) 90°
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(14). Which of the following independent quantity is not used to specify the earth's magnetic field
(a) Magnetic declination (b) Magnetic dip
(c) Horizontal component of earth's magnetic field (d) Vertical component of earth's magnetic field

(15). The vertical component of earth's magnetic field at a place is 3 times the horizontal
component, the value of angle of dip is
(a) 30° (b) 45° (c) 60° (d) 90°

(16). The value at horizontal component of earth's magnetic field on the surface of earth is of order of

(a) 3.2 X 1075 Tesla (b) 3.2 X 1076 Tesla (c) 4.2 X 107° Tesla (d) 42 X 107° Tesla
(17). The small angle between magnetic axis and geographic axis a place is called

(a) Magnetic inclination  (b) Magnetic dip (c) Magnetic declination (d) None of the above
(18). Which of the following parameter is used to assess the magnetic ability of material

(a) Magnetic flux density (b) Magnetization (c) Magnetic dipole moment (d) Magnetic susceptibility
(19). For a diamagnetic material, which of the following statement is correct

(a) Magnetic susceptibility y,,<0 (®) xm>0 () ¥m=0 (d) xm=1

(20). For a diamagnetic material, which of the following statement is correct

@ B =0 ®) B < 1 (© B, >1 @8 =1
(21). For a paramagnetic material which of the following is correct

(@ xm <0 (®) Xm=> 0 © xm=20 (d) xm = —1
(22). For a paramagnetic substance

(a) B,>1 by <1 (c) @.=0 (do<m@.<1

(23). with increase in temperature magnetic susceptibility of paramagnetic substance
(a) Decrease (b) Increase (c) Remains constant (d) First increase than decrease
(24). With increase in temperature magnetic susceptibility of ferromagnetic substance
(a) Increase (b) Decrease (c) Remains constant (d) First decrease then increase
(25). Magnetic susceptibility of a super conductor
(@) xm =1 () xm= —1 (€) Xm =0 (d) xm =0
(26). Curie temperature is the temperature above which
(a) A ferromagnetic material becomes paramagnetic (b) A paramagnetic material becomes ferromagnetic
(c) A ferromagnetic material becomes diamagnetic (d) A paramagnetic material becomes ferromagnetic
(27). The susceptibility in independent of temperature in which material
(a) Paramagnetic (b) Ferromagnetic (c) Diamagnetic (d) Both paramagnetic & diamagnetic
(28). The material suitable for making electromagnet should have
(a) High retaintivity and high Coercivity (b) Low retaintivity and low Coercivity

(c) High retaintivity and low Coercivity (d) Low retaintivity and high Coercivity
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