Chapter - 8
Magnetism and Properties of Magnetic Substacnes

We have studied about magnets in earlier classes.
The property of attracting iron, cobalt, nickel is called
magntism and the material that shows this property is
called magnet. In this chapter we will study about
different physical quantities realted to magnetism. The
earth also behave like a magnet, so we will study about
elements of'its magnetism. Every material show some
magnetic property, so we will classity materials on this
basis.

8.1 Natural Magnets

In anciant times in Greece, some deposits were
found inisland magnesia, which showed the property of
attracting iron, cobatt and nickel. This material was
named magnet after the place, and the property as
magnetism. It was magnetite, an ore ofiron (Fe O,).
Normally natural magnets are not used because of their
irregular shape and weak strength.

8.2 Artifical Magnets

Artifical magnets are prepared either by rubbing a
ferromagnetic material by a strong magnet, keeping in
long contact with pole of a magnet or by keeping in
magnetic field of'a solenoid. They are of two types (1)
permanent (i1) temporary.

(i) Permanent magnet - Their magnetism stay for
alongtime. They are prepared by hard steel, cobalt steel,
tungustan or an alloy ALNICO (Al Ni1 (o) or other
alloys. Their magnetism can't be controlled.

(ii) Temporary Magnet - These magnets shows
the property aslong as magnetizing field exist. Their shape
anstrength canbe manipulated. They normally are of soft
iron, and used in motor, generator, electric bell and
electromagneticrelay.

8.2.1 Properties of Bar Magnet

Normally magnets are used in the form of'a bar.
They have following basic properties -

(i) Attraction property - These magnets attract
iron, nickel and cobalt like feromagnetic materials. The
strength is maximumat ends (called Pole) and zero at mid
point.
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(ii) Directional Property - When suspended
freely from centre of gravity, the bar magnet, in
equilibrium it always stay InN-S direction. The end which
stay in north direction is marked as north pole, the end
which stay in south direction as south pole.
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Fig 8.1 Directional property of abar magnet

(iii) Existance as dispole - Magnets always exist
as dipole. North pole and south pole are equal in
magnetude (strength). Existance of monopoleis not
possible.

(iv) Attraction and repulsion - Same poles repell
each other, while opposite poles attract.

Fig 8.2 Attraction and repulsion light

(v) Equality of polestrength - The pole strength
of boththe poles are always same. Asshown in the figure
8.3 (A)and(B). If devided transversaly, the two pieces
behave like two separate magnets of same pole strength.
And ifdevided longitudinally into two parts, their pole
strength will be halved. Here m1is taken as symbol of pole
strength.
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Fig 8.3 Division of pole strength of a magnet



(vi) Repulsion is a sure test to differentiate
between a magnet and an iron bar- It youhave two
bars, one is certainly magnet, but the other you don't
know. To test, bring one end of the second bar towards a
magnet; it it gets attracted - other may be magnet oriron
bar. Ifthe second end is brought near the magnet -

(1) Ifitis attracted - the other bar is iron bar and

(2) If it gets repelled - the other bar is a magnet
hence repulsion is suretest in this case,

(vii) Magnetic induction - When a magnetic
material is kept near in contact with a bar magnet it
acquires magnetic property. This phenomenon is called
manetic induction. The other pole will be of opposite
polarity.

(viii) Demagnetization - Amagnet will loose its
property by heating, beating by a hammer, kept under
intfluence of AC current or by keeping dumped in earth
foralongtime.

(ix) Repulsion of some material - Some
materials get repelled by a magnet these materials are
called diamagnetic materials, water, gold and silver are
some examples. This repulsionis extreamly weak and
can only be observed by sensitive devices or
arrangement.

§.2.2 Some Definations Realted to Magnet

(i) Magnetic Poles and Magnetic Axis- Atthe
peint, very near to the end of a bar magnet magnetism
(field)1s strongest. These points are called poles. All the
field lines (lines ofaction of magnetic force) pass through
thesepoints.

The imaginary line passing through the poles and
extending up toinfinity is called axis of a bar magnet.
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Fig 8 4 Magnetic axis and effective lenth

(ii) Effective length of a bar magnet - The
distance between the twopolesis called effecitve length
of a bar magnet. It is aproximatly 5/6 ot the physical
length. (Since poles are situated slightly inside and not
exactly at ends). Itisa vector quantity ¢ anditsdirection
is from S pole to N pole.
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(iii) Magnetic Meridian - The imaginary vertical
plane passing through the axis ot a bar magnet, whenit is
freely suspended and is in equilibriumis called magnetic
meridian. Any other plane whichis parallel to the aboce
mentioned will also be magnetic meridian.
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Fig 8.5 Magnetic meridian

(iv) Pole Strength - The attraction power of a
magnet is expressed by a physical quantity called pole
strength its symbolismandunit 4 m.

(v) Coulomb's Law for the force between
magnetic poles - Just as gravitational force between
two masses and electrostic force between two electric
charges, we have inverse square law for magnetism,

The Coulomb force is inversely proportional to the
squared distance between the magnetic poles and
directly proportional to the product of poles’ strengths.

Let two poles of strength m and #r_ are at a
distance from each other in air/vacuum. (Situation is
maginary since magnetic monopole does not exist). The
attractive or repulsive force between themis

j_.‘ o HII}T?Q
=
j_.‘ — k HIITQ
F
L, mm, .
I :i—;;— ... (8.1)is given by

here £ = f—') =10 " Web/Am isaconstant
T

and 2, =magentic permiability of air/vaccum.

F=t _ 107N
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Fig 8.6 Force between magnctic poles

Definition of unit pole

Ifm =m,=1Am,r=1mand

s

ar 10 "N Thenusing equation (8.1} we

get m, =m, =1 Am (Leunit pole)

Iftwo equal poles separated by 1min air/vacuum
experience a force of 10~ N, then both poles have unit
polestrength.

8.3 Magnetic Field Lines (Magnetic Lines of
Forces)

Ifa small magnetic compass needle ismoved ina
magnetic tield, and path of one poleis traced using dots,
joining these dots gives curves which are called magnic
field lines. (Earliar it was defined as thelocus of a free

north pole ina magnetic field).

Fig 8.7 Magnetic field lines

Fig 8.7 show the magnetic field lines of a bar
magnet. Place a paper or a glass sheet ona bar manget.
Sprikle someiron fillings on the glass sheet. The pattern
of theiron fillings will give you anidea of the field lines.

Properities of Field Lines

(i) Theyareimaginary and are in the form of closed
loops.

(i)  Outside the magnet their directionisfromNto S,
whilenside they arefrom Sto N,

(m) Thetangent drawn at any point on the field line,
gives the direction of magnetic field at that point.

(v) Theyneverintersect each other. Ifthey do, two
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tangents can be drawn on the point of intersection
which gives two directions ofthe field, whichis not

possible.

(v) Thearea where field lines are close, the field 1s
strong and vice-versa. The field is strong near the
poles.

(vi) Theparalled field lines represent uniform magnetic

field.
8.4 Neutral Point

The earth hasits own magnetic field. So when we
place a barmagnet on a paper placed on wooden table,
there will be super position of two fields (1.e of earth and
bar magnet). The pattern of field lines drawn, show some
(one/two) points where the net magnetic field is zero.
These points are called null points. At these points, the
herizontal component of earth's magnetic field exactly
cancells the magnet field of barmagneti.e B- B =0. The
location of null points depends on the orientation of the
bar magnet.

(i) When S pole of bar magnet is in
Geographical North Direction - In this position/
orientation as showninfig (8.8A). The field on equator
(1.e ] lineto axis)is strong near the magnet because both
fields are n the same direction. We get mull points on axis
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Fig 8 .8 Neutral Point (A) When 8 polc of the magnet is
towards geographical north. (B) When N pole of
magnet is towards geographical north.

(i1)) When North Pole of Bar Magnet is owards
geographical North - Inthis case the null points ¥V, and
N, are obtained onequitorial line, as showninfig 8.8 (B).

S

(iii) Ifthe bar magnet is kept vertical and its north
poleis downwards on the paper; the field lines willbe as
showninfig 8.9. We get only one null point is in south
direction. If south poleiskept downwards the position of
mill peintisreversed, i.e. innorth,
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Fig 8.9: Ficld lings when magnel iskepl verlicle

8.5 Magnetic Dipole and Magnetic Dipole
Moment

8.5.1 Magnetic Dipole

In a bar magnet, both north pole and south pole
exist. Inacurrent carying solenoid, one end behaves like
north pole and the other as south pole. Ina current loop,
one facebehaves like north pole and other face as south
pole. In nut shell magnetism exist as dipole and it is the
elementary entity of magnetism. Mono pole 1s not
possible. Evenifwe go on dividing a magnet into two,
each piece has dipole.

8.5.2 Magentic Dipole Moment
Ttisthe physical quantity which gives the strength of
amagnet.

We have learnt that a coil having Nturns, area A,
current I, experiences a torque in external uniform
magnetictield B;

7 = NIABsin@

Comparing it with the torque experienced by an
electric dipole in external electrical field E,

..(82)

. (83)

We get an equivalent quantity to p as NIA, this
quantity is similarly named as magnetic dipole moment A4,
Just as in electrostatics, we can write where mis pole
strength and is a vector distance between two poles,
whichis from S to N.

In pf = N4 (84
thedirection of A4 15 totheplane of current loop.
Theunitof 3718 Am®,

7= pksing

It can be defined using realtion
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T=MPBsind ... (8.3)foradipole. IfB=1,
€ =90° ,then 7 =AM . Hence the magnetic moment is
equal to the torque experienced by a dipole in unit
magentic field, whenit is placed perpnedicular to the field.

8.5.3 Magnetic Moment of a Bar Magnet
...(8.6)

where m=polestrength and ¢ iseffectivelength of
abar magnet.

Itisgivenby M =mx f

(A) Ifwebisect a bar magnet of dipole momnet M
into two, perpendicular to its length. The dipole moment
ofeachpartis

¢ mt M

M =mx— =
2 2 2

(B) If abar magnet is dividend mto two, by dividing
alongitslength, again

M= =
2

2

mé M

2 2
(C) If abar magnet of length 2 # and magnetic

moement M is bent into a semi circle of radius r.

Cirumferance of semi circle xr=+£. Then
M, =mx2r,
26 2M
M, =mx—=——
’ s T

(D) If two bar imagnets are kept at an angle @
between their axis, the net magnetic moment will be
vector sumofindivisul M,

M= M2 +2MM, cos@+M? ... (8.7)
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Fig 8.10 Magnctic moment of a bar magnct



8.5.2.2 Magentic Moment of a Revolving
Electron

In an atom, electrons revolve round the nucleus,
which1s equivalent to current loop. Hence every orbit
(having one electron)hasamagneticmoment M=N1A.
Foranrevolution (N=1), charge=e, and time t=T hence

27

¢ & a g
== M=—=xarori =
Tbut 7 or -

where r =radius of orbit, v = linear velocity of
electronand w=angular velocity.

4

M = X TP = —e@r”
So . . (8.8)
1
and M =T . (8.9)
since v = Fo

Example 8.1 : Find the magnetic moment of abar
magnet with pole strength 40 Am and eftective length 5
cm.

Solution: M =mx £
m=40Am, [=5c¢cm=0.05m
M=005x40=2 Am°

Example 8.2 : Acurrent carrying coil has magnetic
moment 5 Am®. Ifits radius is halved and the current is
doubled, what will be new magnetic moment compared
to previous one.

Solution : pAf = N7z#* The new magentic
momentwillbe Af'= N ' zp

pl=— 1'=21

F
2

M"_f‘szr><2}'><(rf’2)2 1
M NxIxr® 27

deviding we get M ' = 5

Example 8.3 : Find the magentic moment of the
elctron in first orbit of hydrogen atom.

(r=053A, v=22x10"ms ').

1
Solution; M = EGW'
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r=053A
F=053x10"m

v=22x10°ms™
M :%x'],fyx']O'w %x2.2x10°x0.53%107"

M =093x10 “ Am®

Note : It is called Bohr Mahneton and is a
tundamental constant in physics.
8.6 Intensity of Magnetic Field

Earlierit was definedas B (force onunit N pole).
Inanalogy to (force per unit positive charge).
But now we define it using the realtion 7 =3 x B

(since M is the most basic quantity in magnetism and
magnetic momopole does not exist.

B isequalto the torque experienced by a magnet of
unit magnetic moment placed perpendicular to it.

Its STunit iIsN/Am, or Tesla.

8.6.1 Magentic Field at an Axial Point of a Bar
Magnet

Fig8.11 : Intensity at an equatorial point

Asshowninfig8.11, pole strength of abar magnet
1sm, its effective lengthis 2/. The magnet field at an axial
point at a distance 7 trom the center O, ot the bar magnet
isB =B +B, ,where B and B, are the field due to

north and south pole at p. Using Coulomb's law, and
definition of B we get ; hence

Bl:ﬂ m 1
47?(}*—!)‘




m ... (8.9b)

By convention, taking pole strength of north pole s
(+m) and for that of south pole as (-m).
do m o (-m)
B=— —+ -
Weget ™ dz (r-1)  ax(r+1)

_ 1 B 1
4z (r—f)2 (rﬂ.’)2
_Hm marl
4 (rl _? )2
gt 2Mr

T arx (!,2_12)2 [+ M =mx2I]...(8.10)

For Special Condition of / = <r (for a very small
magnet) we modify equ.8. 10 by taking common from
denomenator-

B M 2Mr

4r ( PR = )2
here £r“is anegligible quanitity

henceB:&XT
% A

L (8.11)

8.6.2 Magnetic Field due to Bar Magnet at its
Equitorial Point

Asclear fromfig 8.11, the magentic field at P, due

My m

B = i (?.2 J”rz) along line NP and

tonorthpoleis

away from N. Similarly field due to south poleis

m
(rz ”z) (alongPs, towards S).

£y

st -
¥4

Z

X

Resolving E’l and §2 into components along axis

and equator. We see that the sine components get
cancelled being equal and opposite; and only cosine

components contribute to B at equator. We get

B =B + B, (only cosine componentsof B & B, )
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B =58 cos@+ B, cosd

B =28 cosd [« B =B]
Ly, x2m

:mxcosé

¢
— )

(r2 +1 )“d

(butcos & =

My 2ml

= _— ..(8.12
47 (!,2 e )A 2)

Again for special condition for a small ba magnet
{1, P/ being negligible, we get

gt M

py— [ M =mx2!]

. .(8.12b)

The direction of B hereisopposite tothat of 4 ;

We appreciate the similarity to that of the electric
field due an electric dipole at axis and equator
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L—%E)r—s ...(8.13a)
po_L P
v . (8.13b)

. 1
here Misreplaced by Pand 2, by —.
0
8.7 The Torque on a Bar Magnet in Uniform

External Magnet Field

Asinfig8.12 abar magnet of pole strengthm and
effective length 2 ¢ 1s placed inexternal uniform magnetic
field B , suchthatitis parallel to 8 . The net force on the
magnetisF=F _+F_=mB+(-mB)=0. Also thetorque
is zero.

F-mB F-mB

>

\I; :
- 7 li—ml}
H—

Y
I'—ml \1/ 1
_—
Ay (B)
Fig 8.12 (A)and (B) Force on poles of a bar magnet in
external magentic field




Ifthe bar magnet is slightly rotated by an angle g
from equilibrium ( g is angle between B and 2 ¢ ), The
net force on the magnet is again zero; but the magnet
experiences a torque which 1s 7 =m B x NP(distance
between forces).

T=mBx NP
T=mBxfsinf

T=(mx#)Bsiné

7 =MBsin® ... (8.14a)

(M=mxt)

r=MxBE ... (8.14b)
Special Conditions

(1) When (6‘ = 0) magnet being parallel to B

T=MBsm0=0

(ii) When magnet is perpendicular to B , then
(6‘ = 90°)and 7 .. =MBsin90=MB . The torque
will be maximum.

The potential energy of a bar magnet (manetic
dipole) inexternal magnetic field.

{/m = work done in rotating the magnet by
angleg.

U, = Ir(é’)d & here shows that 7isafunction of
8.

U, = [(6)do

— JMBsinQdQ =-MPBcosé

U, =-MB

for position 8=0°; ({/,)),,., =-MB (most
stable conditionfor (ii) @ =7, ({/,,),,,. = MB)

{most unstable)

. (8.15)

Ifwerotate the magnetbyan angle to g . then the
definit integral will give you -

£
PV:jbﬁmedQ
il

W = MB[-cos 19]?
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=MPB(cos0—cos8)
W = MB(1-cosd) ... (8.16)

Example 8.4 : Find the torque on abar magnet of
pole strength 25 Am and effective length 10 cm, whichs
atanangle g=30from B, (earth magentic field)

(B,=04x107T),

Solution: 7 =MB,, sinb
m=25Am, £ =0.1m,8 =30°
T=miB, sinf
=25x0.1x04x10 " x0.5

=05%x10*Nm

Example 8.5 : Amagnet of magnetic moment 5
Am’is placed in magnetic filled 0.2 T. Find the work
doneinrotatingit, from parallel to antiparallel position.
Also find the potential energy at the two positions.

Solution : The work donein rotating the magnet is
W = MB(cos& —cos8,)
W =5%x0.2(cos0—cos180)
=10(1+1)=2]
Similarly the energy inposition 1 i.e. =0
{/,=—-MBcos6 =-MBcos0=-MB

=—5x02=~-1J

{/,
8.8 Earth's Magnetism

~-MBcos180=MB=5x02=1J

The earth behave like a bar magnet, 1t hasits own
magnetic field. 1t1s called geomagnetism. The following
facts confirmit -

(1) A bar magnet freely suspended fromits C G
always stay 1s NS direction in equilibrium.

()  Anironpiecekept burried in earth for along time
aquires magnetism.

(i)  We get null points while ploting field lines of a bar

magnet.

Themagneticfield on the surfaces varies from place
toplaceand is ofthe order 10°T.



8.8.1 Cause of Earth's Magnetism

The origion of geomagnetism is not well
understood. There are certain explanations, the simplest
one of existance of a giant magnet at the center of earth
was rejected due to hot conditions inside earth where
such magnet can't exist. The other oneis "dynemo effect”,
given by Elsisteris most accepted. Accordingtoit certain
metals like iron and nickel exist in the outer core of earth
in melten and 1onic form. They rotate with earth and
causes convention current which in turn produces
magentic field.

Magnetic field lines of earth are maped, and their
simplest version resembles to the field lines ot an
imaginary bar magnet placed inside the earth such that its
axis makes anangle 11.30"to earth's axis and its north
poleistowards south pole and south pole towards north
pole ot the earth. The location of these pole on earth
surface areatlattitude 79 74° N andlongitude 71 81/
a place in north canada. And 79 74°§ and
108.22° £ which is in Antartictica.

Giengraphical
Nenth Pole

Sdagnedic

Morth TPols \

Magnetic equater

Gongraphical

equater

Geographical S"

Maonetic
South Pole ° i

South Tole

Fig 8.13 : Geomgnetism
8.8.2 Elements of Earth's Magnetism

To know about earth's magnetic field at certain
place, need to know about three physical quantites about
it. Theseare called elements of earth's magnetism. They
are -

(1) Angle of declination (or simply declination).

(2) Dip angle.

(3) Intensity of earth's magnetism (or simpley
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horizontal component of it). First two gives the direction
of earth's magnetic field in horizontal and vertical plane
respectively, and third givesits magnitude (or magnitude
in hortizontal direction).

(1) Angle of declination

Magentic meridian is a vertical plane passing
through the axis of a freely suspended bar magnet fromits
CG andisin equilibrium.

Geographical meridian is a vertical plane passing
through the axis of rotation of earth. It also contain
longitude circle.

The angle of declination is the acute angle between
magnetic meridian and geographical meridian. Itis
different at different places of earth. A Delhiitis0“41 E
and at Mumbai it is 0°58' W. These small values shows
that at these places, the direction shown by a compass
needleistrue north south.

(ii) Dip angle or angle of dip

If we take a compass needle, which is free to
rotate about a horizontal axis, in vertical plane, thenin
equilibrium, the angle between its axas with horizontal is
called angle of dip. It gives the direction of earth's
magnetic field in verticle plane. Again the dip angle vaies
from place to place on surface ot the earth. It is O at
equator and 90° at poles.

(iii) Horizontal component of earth's magnetic field

At aplace other then equator or pole the direction
of magnetic field make certain angle with horizontal. We
canresolvethismagnetic field B, into two components, as
B, and B i.e. vertical component and horizontal
component

BH
I

il
-

Wagnmic needle

Fig 8.16 Components of carth's magnctic ficld




B, = Bsin® (8.17)
B, =Bcos# .(8.18)
Suchthat B= B, + B,
B=\B: + B +2B,B, cosOC°
B=\/B, +B;

B
tan & = —=

i

B, =B, tan0 .(8.19)

Example 8.6 : At certian point on earth surface dip
angleis 60" and horizontal component of earth's magnetic
field 15 0.25 G Find vertical component of earth's
magentic field at this place. Also find the resultant
magnetic field at that point.

Solution: 8, =B, tan &

B, =0.25tan 60°

=0.25x+/3=0.25x1.732 = 0.433G

B, = Bcosf

g By _ 025 0325
cosf cos60 0.5

B=050G

8.9 Magnetism and Gauss's Law

According Gauss's law in electrostatics1.e fora
closed surface mtegral of electric filed is proportional to
the algebric sum of charges enclosed by the surface.

Ifa surface encloses electric dipole . The incoming
electricfluxisequal to outgoingelectric flux. Exacltyinthe
= B-dS

same wayfor magnetic field P because

magnet always exist asdipele. The incoming magnetic
flux through a closed surface 1s exactly equal to the
outgoing flux, and net flux =0. Hence Gausses law for
magnetismis

8 =§ﬁ3-d5'=0 . (8.20)
5
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Fig8.17: Magnetic flux

8.10 Behaviour of Substances/Materials in
External Magnetic Field

Farady found that all materials are ettected by
magnetic tield or react to external magnetic tield.
However they interact with the field difterently.

To invesitigate the behaviour of different materials
tollowing experimental set up is suggested -

A current carrying sole noid produces magnetic
tield, strong inside and weak near its ends. Atest tube
with sample to be tested is attached to a very sensitive
spring balance near the end, as showninfig 8.18.

When a currentis setin the sole noid -

(i)  Some materials like, iron, nickel and cobalt are
strongly pulled inside the sole noid, these materials
move from weak field to strong field.

()  Some other materialslike aluminium, CuCl, etc are
weakly attracted inside, 1.e. with very weak force.

(ii) Majority of thematerialslike Z B, gold etcare

weakly repelled outin above experiment i.e they go
trom strong magnetic field to weak magnetic tield.

There are many more types of materials, which you
will know in chemistry or in higher classes. Here we
restrict ourself'to only three types mentioned above.

(i)  Thefirst type strongly attacted by mangetic field
are called Ferromagnetic materials.

() Thesecond type which are very weakly attracted
by magnetic field are called paramagnetic
materials.

(i) The third type whichis very weakly repelled by

magnetic field is called dimagnetic, material.



Q)

Fig 8.18 Bchaviour of matcrials in a solcnoid

8.11 Important Physical Quantities Related to
Magnetism

8.11.1 Intensity of magnetisation 1

We know that the circulating electron has a
magnetic moment; when material is not magnetized, the
magnetic dipole sum up to zero. When an external
magnetic field is applied the magnetic moments are
alligned in a particular direction, and the material gets a
net non-zero dipole moment. The net dipole moment per
unit volumeis detined as magnetization or intensity of
magnetisation. Its symbolis I, and its unitis Am™'. Itisa
vector quantity. Its dimensional formula is [MPLT°A'].

8.11.2 Magnetizing Field H

The magnetic field produced only by electric
current (without any contribution ot medium)in sole noid,

.. p o ; .
itisnl or 4 =— TItisalso called magnetic
i)

intensity. 1t is the external field that induce magentic
property in material. Itsunitis also Am™.

8.11.3 Magnetic Susceptibility

When a material is placed in external magnetizing
field H, the material get magnetized. For small
magnetizing field, the I aquired by the material is
proportionaltoH.i.e / «« H or [ = y_H here ¥, isa
constant for a perticular material called the magnetic
susceptibility ot that material. It is defined as, iftH=1,
then ¥, = { inwords we say the magnetization I aquired
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by the material in unit magnetizing field is equal to its
magnetic susceptibility.
8.11.4 Magnetic permeability p

It s a measure of ability of the medium to allow
magnetic field to set in the medium. g, 1s magnetic
permeability of vacuum/air. x is magnetic permiability of

F)

_H : : —
medium. And # =~ igrelative magnetic permiability
0

of'the medium.

8.12 Relation between different Magnetic
Quantities

Imagine a core of a material is placed in-side the
solenoid. Thenet magnetic field produced by the system

15
B=B,+B ..(825)

B, is contribution of current B iscontribution of
material of core.

here B, o« /
= B =ul
again b= H+ul

Substituting in equation 8.25

B=u,(H+1) ... (8.26)
B=u(H+y,H) [v1=x.H]
B
E = l“[] (]'+an)
=101+ 2,) H_ A
)L"il)
o= (1+,1/m) ... (8.27)
B
——I1=H
Or . ... (8.28)

Example 8.7 : The paramagentic material
cromium has magnetic susceptibility as 2.7 x 10 #. Find its
magnetic permeability and relative magnetic permeability.

Solution: =4, (1+ x,)



X = 2.7x107°

p=4r%10 7(1+2.7x10 %)

#=12.56 % 1.00027 x 107
#=125634x10"H/m
Relative permeability

Ho=1+x,
=1+2.7x10*=1.00027

Example 8.8 : Paramagnetic material Aluminium
has magnetic susceptibility 2.3x10 = Ttis placed ina
manetizing tield 4x10°Am ' . Find the magentization of
the material.

Solution: / =y H

X =23x10° and H=4 < 10°A/m

1=23x10"x4x10°=92A/m

Example 8.9 : Anironwire oflength/ — fm and
cross section Imm?is placed inside a sole noid, which

produced a magnetizing field 4x10° A/ m. Find the
magnetic moment ofthe wire. (1677 x10™ H/m )

sotuions 7, = 4= 1
olution: %, 7 BT
M:ZWIHI/}—

£=1m,

A=1mm* =10 “m
H=4x10"A/m, 4 =167x10" H/m

V=Af=10%%1=10"m*

167 X107
Zo == 12400-1=399
i 4z x10
M=y, HV

=399 x4 x 10°x 107°=1.596 Am?

Example 8.10 : Arod of cross section 0.40 em? is
placed in magnetizing tield 4000 Am ' . Ifthe magnetic
flux passing the rod is 5x 10 “Whb, then find magnetic
induction, magnetic susceptibility and magnetization of
the material of rod.
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Solution: 5 =

by
A

given g, =5x107 Wb,

A=4x10"m", H =4000 A/m

5x107° 5
B=2"  —125Wb/m’

4x10™
Magnetic permeability

B 125
pf=—=——=03125x10"

H 4000

=3.125x107"H/m
Magnetic susceptibility
3.125x107

Z:n:#r—l:i_.l = - -

4 4x3.14x107

X, 1=2488-1=2478
T =y, H =247.8x4000 = 9.90x 10" A/m given

Example 8.11 : Aniron rod of dimensions
Semx 1em x 0.5 cmis placed the in magnetizing field
10+ A/m. Ifamagnetic momen of 10 A/m*isinduced init.
Find magneticinduction.

Solution: g = i, (gjL H]
V

M =10 Anv’,
V=5x1x05x10°°=25x10m’
H=10*A/m

B=arx10"| —2 100
25%10°

=12.56x1077(4x10" +10") = 5.036 Wb/m”’
8.13 Classification of magnetic materials

According to the behaviour of materials in external
magnetic field, the materials are of mainly three types -
(1) Diamagnetic (i) Paramagnetic (iii) Ferromagnetic
8.13.1 Diamagnetic Substances

If placed in nonuniform exrternal magnetic field,
the materials moves from strong field to weak field, or



they outstead by the field. Actually they aquirea small, net
non-zero magnetization opposite to the applied field.
These materials are called diamagnetic and the property,
diamagnetism. examples- Cu, Zn, Sb, Bi, Hg, H,,N_, Au,
Ag, airwater diamond etc.

Explanation of Diamagnetism

Such materials have pairedelectron in their atoms,
which revole in opposite direction. In the absence
external magnetic tield, the magnetic moment ofthose
electron get cancalled being equal and opposite. In the
presence ofexternal magnetic field, the magnetic torce on
moving electronis oppositein both pairing electrons, on
one electron, it is towards the nucleus, increasing its
velocity, hence increasing magnetic moment; #2 — £ 2evr:
One other it is away from nucleus, thus decreasing v and
magnetic moment.

The magnetic moment inthe direction of applied
field get decreased, and that which is opposite, get
increased. Hence the net magnetization induced in the
material is opposite to the appilied tield.
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Fig 8.19 Explaination of diamagnctism

Diamagnetismis present in all substances in some it
is not observed due to other dominet properties present.
Super conductors areideal diamagnetic substances. For
them y,, =—1 ;u, =0 this eftect is called Meisner
eftect. Magnetic field lines of external field are completly
expelled by them. Aliquid diamagnetic substance placed
in watch glass over magentic poles, behaves as shownin

the tigure 8.20.
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Fig 8.20 : Behaviour of diamagnctic matcrials

When pols ure away

8.13.2 Paramagnetic Substances

These substances, when placed in external

magnetic field move slightly trom weak field to strong tield
or they are slightly, attracted by manetic field. We say
that they aquire small net magnetic moment in the
direction of applied field. These substances are called
paramagnetic substances. Example - Na, Ca, AL, CuCl,
etc.

Explanation of Paramagnetism-

This type of materials have unpaired electronin
theiratom. So every atomis amagneticmoment. The net
magnetic moment, inthe absence of external field 1s zero
because of random orientationsdue to thermal agitation.

When external field is applied, thetorque acting on
them; align some of these atomic magnetic dipolesin the
direction of applied field. All magnetic dipolesdo not get
aligned due to thermal effect. Hence the material gets
some net non-zere magnetic moment in the direction of
applied field.

S 2O 0 00 O
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Fig 8.21: Explanation of paramagnetism

Such materials allow. Some of the field lines of
external field to pass through them. IF placed inwatch
glass over the poles of a magnet, shows the behaviour as
showninfig8.22.
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Fig 8 22 . Behaviour of paramagnetic materials
Temparature Dependance
Practically the magnetic intensity of'a paramagnetic
substance is proportional to the imposed magnetic tield
and inversly proportional to the absolute temparature

I-x&

. B,
or [ =L-I—‘, ... (8.29)

here C==Curie Constant



But B, =y, H

it

C'y,
.

called curielaw.

-

which gives X, = (8.

8.13.3 Ferromagnetic Substances

When placed in nonunitorm magnetic field, these
materials rapildy move towards strong tield ot they are
strongly attracted by a magnetic field. Also they get
magnetized inthe direction ofapplied magnetic field.

Example - Fe, C_, Ni, Fe,O,, gadolinium and
magnetite (Fe,O ).

Explanation of Ferromagnetism

Asin paramagnetism, the ferromagetic materials
also have permanet dipole moment (of a group of atoms,
oriented in same direction). The difference is of intensity.
The orientation ofthese groups ot atomis random; which
make for whole sample.

Dueto complex interaction between the atoms, one
dipole, compels the other, to orient inthe same direction.
In this process, small colony of dipoles having same
orientation is formed. This colonyis called "domian".
Whole sample is devided into domains having different
orientations, making for whole sample. Size of one

domian is ofthe order of few mm and it contain atom of

the order of 10"
E — —_— |}
—_— —_— —_—
(a) () (e)
Fig 8 23 : Ferromagnetic materials

When a sample offerromagnetic material is kept
in an external magnetic tield; if the applied field is weak,
then the area or size of the domain having same
orientation as that of applied field, increases and vice-
versa. If'the exrternal magnetic tield is removed; the
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phenomenonisreversed duetothermal effect. Hence the
processinreversible.

Itthe applied magnetic tield is strong. The whole
domain rotates inthe direction of applied tield. The first
torotate isthat which makes minimum angle with applied
tield. Itkept in the field for a longtime, the whole sample
becomes one domain.

Ifthe external field is removed, the sample does not
returns to original state, but some residual magnetism
remains.

8.14 Curie Law and Curie Temparature

Pierre Curie studied the effect of temparature on
magnetic materials and found that the magnetic
susceptibility of diamagnetic materials does not depend
ontemparature, whereas the magnetic susceptibility of
paramatic substance/material ininversly proportional to
its absoultetempraturei.e

C

|
o — =
;{m -(i.lr Or Zm ?—r

where C =Curie temparature
T=Absolute Temparature of the material

Temparature dependance ofa ferromatic material
obeys Curie - Weiss law. According to this law the
magnetic susceptibility of aferromagnetic material is given

T—Tc
where C = Curie constant; 7'is thetemparature of
the materialand 7. is curie temparature for that material.
Below 7' .the matenal behave like a terromagnetic
matenal and above I’ the material behave like a
paramagnetic matenal Above 7' all materials are
paramagnetic. /_is difterent for dJﬂ'erent materials. The
curie temparature tor some materials are givenas -

by X. = (83D

Materials Curie temprature
Iron T.=1043K
Cobalt T.=1394K
Nickle T.=631K
Gadolanium T.=317K

Example 8.12 : The curie temparature for some
material 18 300 K. Ifits magnetic susceptibility at 420 K 1s
0.4, then find curie constant.



A

: - C
Solution : manetic susceplibility ¥ = T

o

7=04, T,=300K qan T=420K

C=x(-1)
=04(420-300)=04x120=48K
8.15 Magnetic Hysteresis Curve ( B- H Curve)

When a ferromagnetic material is placed in
magnetic tield H (magnetizing tield), magnetization of
material takes place which produces magnetic field B.
The curve showing ot B and H is known as Hysteresis
curve or B-H curve.

To find B-H curve of a ferromagnetic material we
take its demagnetized from in the shape of a rod. We
place thisred ina current carrying solenotd. The current
in the sole noid produces H (H —ni). This Hmagnetises
the material whichin turn produces B. We can change H
by changing current, and we have a device to measure
B.
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Fig 8.24 : Magnctic matcrial insidc a solcnoid
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Fig 8.25 : Hystersiss loop

We start our experiment with i—o, H — 0, Bwillbe
zerol.etheorigin O. Increasing H, B willincrease but the
relation is not lenear, it goes as per curve O abinthe

diagram. After the point b, increasing Hdoes increase B
(the material is saturated and all the domains are aligned in
one direction). The value of H atter which B does not
increases,but become constant, is called magnetic
saturation.

Now if we reduce H to zero, the curve does not
retrace the pathb a o; but it goesfrom b to ¢. At point ¢,
H=0but B#0i.e some magnetization remains in the
material. This remainent magnetismis called sesidual
magnetism. The value of B at H=0iscalled retentivity
or remanence, B, . The domains are not completely
randomised although extcrnal ficld H=0.

Now if we reverse the direction of current in the
sole noid, and increase it slowly, B decreasesas curve
cd and B becomes zero at certain value of H, whichis
called coercivity of the material. If we go onincreasing H
beyond d, the material is magnetized in opposite direction
and get saturated at e (i.e all the domainsare alligned in
oppositedirection). Ifwereduce H to zero again B will
bot be zero but have a value of the remamant value in
opposite direction. Thisis show as of inthe curve. Again
ifweincrease 7 inthe original direction, the curve goes as

Jeb, and completes a cycle. Again the value of H, Ogis

coercivity of the material. We can know about the
behaviour of material and its magnetic properties from1its
B-H loop bede fob. Fig 8.26 shows B-H curves of soft-
iron and steel.

Softiron

Steel

\

Fig 8.26 : Hystersiss loop for soft iron & steel
From this diagramitis evident that -

(1) Forany value of H, the value of B tor soft iron is
more than that for steel, hence magnetic
permeability |, of soft iron is more than that of
steel.



@)
3)
(4)

Retentivity of sott ironis more than of steel.
Steel has more coercivity than soft iron.
For any value of H, the value of magnetization lis

more for soft iron than steel:ie. ¥, ={/Hig
more for iron which shows that the value of
magnetic suceplibility of soft ironismore than that
of steel.

(5) Thearea of B-H loop for soft ironisless than that
for steel which shows that hysteresis lossislessin
soft iron compared to steel. The area of B-Hlcop
represents the enrgy loss per cycle per unit volume,
(6) B always lags behind H, this property is called

hysteresis.

To select a material for core of electromagnet soft
iron s suitable for its high permitivity L1, less coercivity
and less hysteresis loss.

8.15.1 Hysteresis Loss

Energyis given to the material during magnezation.
But during demagnezation the material does not release
the whole energyit recieved. Some energy get lost (work
doneinrotating the domains). This loss of energy per
cycleiscalled Hysteresis loss. Thisenergy is converted
to heat energy.

Area of B-H loop represents energy loss per cycle

perunit volume. Hence the loss of energy persecondis ()
— VAn; V =Volume of sample; A =Area of B-H loop
and nis thefrequency (number of cycles/s).

Electromagnet consists of insulated copper wire
wound over a soft iron core. [t i1s used in telephone
electric bell, electric motor, dynamo, telegraphy and
separation of magnetic materials from a mrxture. It1salso
used inmedical sciences.

For a permament magnet the material choosed,
should have high retaintivity and high coercivity. It should
also have high curie temparature and high saturation
magnetism, so that it does not get demagnetized due to
temparature, stray magnetic field and mechanical
impulses. Hysteresis is meaningless for permanent
magnet. For permanent magnet the suitable materials are
steel and alnico (Al+Ni+ Co). Inthese materials, the
domains once get orienated remains as such and the
external demagnetizing etfects are minimum. Permanent
magnets are used in galvanometers, ammeter, volmeter
and loudspeaker.

The material for a transtormer core, should also
have the properties that are required for electromagnet 1.e
highp, high y  highretaintivity. Anextra quality ot low
hysteresis is required. For transformer core the suitable
materials are, superalloy, transformer steel (soft iron 4%
silicon) and p-metal (CutFe+Ni+Mn).

Important Points

1. Magnets show directional and attractive properties. Both the poles can not be separated.

Magnetic field lines are imaginary close loops. The tangent drawn at any point gives the direction of magnetic

Super position of magnetic fields ot two magnets givestwo points, where mahnetic field is zero, these points

2.
field at that point.

3.
are called null points.

4. Themagnetic moment of following dipoles is as given -
(i) For bar magnet M =pole strenth x ettective length
() Forarevolving electron
M=1/2evr =1/2e0r’

5.

(i) Torque 7 = Af < B

(i) Potentialenergy 7 — _Af . B
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When a magnet of manetic moment Mis placed in niform magnetic tield B (i) net force onitis zero.



(v)work doneinrotating the magnet 1s
W =MB(l-cos8)
6.  Magnetic axis doesnot coincide with axis of rotation of earth, but it makesanable 11,3,
The quantities that give complete infromation about earth's magnetic tield are called elements of earth's
magnetism, they are (i) angle of declination (i) dip angle (i) Horizontal component of earth;s magnetic tield.
8.  TheGauss's law for magnetismis
d,=§Bds=0
&
9. Ifamaterialiskept in magnetic field B | then magnetizing field or magnetic intensity H= E.) 7
Magneticintensity / =M /}”1.e magnetic moment per unit volume.
: o M
10. Magnetic susceptibility %, = e
11. Relationbetween y, ,and g isgivenas
p=uy(l+z,)
,U = zuljlur qu' = ] + Zm
12,  Magnetic materials are classified as diamagnetic paramagnetic and ferromagnetic according to their reaction
toB.
13.  Diamanetismis dueto orbital motion of electrons, paramagnetismis due to orbital and spin motion ot electron,
ferromagnetism is due to domain property.
14. Thehysteresisloop or B-Hloopisused to study magnetic properties of of materials, and in selecting suitable
materials for electric devices.
15, Diamagnetism does not depend on temparature for paramagnetic material , = 1/ 7 curielaw. For
1
ferromagnetism Am = 7_ 7 (curie-wiesslaw).
o
where T =Curie temparature
Questions for Practice
Multiple Choice Questions - 2. Forsuper conductors, magnetic susceptibility is -
1.  Iftwomagnetic poles of unit pole strength are at (a)+1 (by-1
Im distance in vacuum. The force between them (c)Zero (d) Infinite
will be - \ . - i
3. Magnetic susceptibility of free spaceis-
@) 4rx10' N (b) 47 N (a)+1 (b)-1
A (c)Zero (d) Infinite
()10 N (d) 07
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10.

11.

The magnetic susceptibility is negative and very
smallfor -

(a) Feromagnetic materials
(b) Paramagnetic materials
(c) Diamagnetic materials
(d) All ofthese

The relative permeability of a meterialis 1.0001 the
material willbe -

(a) Feromagnetic (b) Paramagnetic
(c) Diamagnetic (d)Non ofabove
Theunit of magnetic moment is -

(a) Wb (b) Wb/ m?*
(c)A/m (d) Am*

Wb x A/mis equal to -

(a)J (b) N

(c)H (d) W

Magnetic tield does not interact with -

(a) Another magnetic field

(b)Accelarated magnet
(c)Astationary chagre

(d) Moving electric charge
The cause of diamagnetismis -
(a) Orbital motion of electron
(b) Spinmotion of electron

(c) Paired electron

(d)Nonof'the above

Magnetic moment of diamagnetic substances -
(a) Infinite (b)Zero

(c) 100 Am? {(d) Nonoftheabove

Relative permeability of ferromagnetisc substances
18-

(a)>1 (b)>>1

(c)=1 (d)=0

Thevertical component of earth's magnetic field is

Zero ete,
(a)Magnetic pole {b) Geographical pole
{d)Non ofthe above

The area of hysteresis loop of a substance

(c)Magnetic meridian
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represents -
(a) Energyloss per cycleto magnetise the material

{b)Energyloss per unit volume per cycle in
magnetizing the material

(c) Energy loss per unit volume in magnetizing
(d) Energy lossin magnetizing the material
Steel isused to prepare permanent magnet -
(a)Lessenergy loss

(b) Density of steel ismore

(¢) The residual magnetism is more

(d) Magnetism is not destroyed by ordinary
external magnetic field

At curie temperature, a ferromagnetic substance
becomes -

(a) Non-magnetic (b)Diamagnetic
(c) Paramagnetic (d)More ferromagnetic

Very Short Answer Type Questions -

1.

L

L NS

10.
11.

A magneticneedleis free to rotatein vertical plane
about horizontal axis. What direction it will
indicate at magnetic poles?

Name the type of magnetic material which does not
depend ontemparature?

How the value of dip angle changes in going from
equator to poles?

A magnetic material has magnetic susceptibility as
-0.085. What type of materal it is?

What isretentivity or remanence?

Name two paramagnetic substances.

What is magnetic meridian?

Where on earth's surface the dip angle is zero and
907

Write realtion between magnetic parmeability and
magnetic susceptibility for amedum.

Writeunit of pole strength.

What will be the value of dipangle, where the ratio
of vertical and horizontal component ot earth's

1
magnetic field is f ,

What ismagnetic Hysteresis?



15.

What will be the ratic of magnetic fields at the
points on axis and equator, equidistant from center
ofbar magnet?

What will be value of dip angle at a place where
vertical and horizontal components of earth's
magnetic field are equal?

What will be the change in magnetic moment of a
bar magneticif we bisected it along its length?

Short Answer Type Questions -

11.
12.

13.
14,
15.

Find the expression for potential energy ofabar
magnet placed inuniform magnetic field B, such
that the anglebetweenits dipole moment and B1s.

How you will identify rods of paramagentic and
diamagnetic substance?

Why we get two null points for abar magnet? Can
we get only one null point? How?

Why soft iron is used for electro magnets.
A bar magnet of magnetic moment Af is placed

parallel to uniform magnetic field B . Whatwill be
thework doneinrotating it by 90°?
Difine angle of declination and dip angle.

Write down curie-wies law and write the value of
curie temparature for iron.

Write four properties of magnetic field lines.

What 1s the behaviour of diamagnetic,
paramagnetic and ferrcmagnetic substances in
non-uniform magnetic field?

What is Gauss's law for magnetism? What does it
indicates?

Why magnetic field lines are closed loops?

Compare magnetic tields of a bar magnet and a
current carrying sole noid.

Whatis cause of earth's magnetism?
What are uses of hysteresis curve?

Find the expression for torque on a bar magnet
placed at angle withunitorm magnetic field. When
it willbe maximum ?

Essay Type Questions -

1.

What are elements of earth's magnetism? Detine
them and show with a labled diagram.
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What is meant by hysteresis loop? Draw it and
define its main physical quantities (specilities).
Explain diamagnetism, discussits properties. Write
five difference between paramagnetic and
diamagnetic substances.

What 1s curie temparature? Explain how the
magnetic susceptibility of paramagnetic,
diamagnetic and ferromagnetic substances depend
on temparature? Also write law regarding it

Write specilities of the materials used for (1) Electri
magnet (1) Permanent magnet. Also write their
uses.

Anwers (Mutliple Choice Questions)
1.{A) 2.(B) 3.(C) 4(C) 5.(B) 6.(D) 7.(B)

8.(C) 9.(A) 10.(B)
14. (D)

11.(B) 12. (D) 13.(B)
15.(C)

Numerial Questions -

|F¥]

A bar magnet of magnetic moment 20 Am?is
suspended inuniform magneticfield of 0.86T. Find
the torque inrotating it by 60,

(863 Nxm)

The horizontal component of earth's magnetic field

at certain placeis B, =0.5x10™ Wb/ m" and

dip angle1s 45”. Find vertical component of earths
magnetic tield.

(Sx107Whb/m™)

Aniron rod of cross section 1 cm?is placed in
magnetic field of 200 orested. It proudces a
magnetic field of 3000 G. Find magnetic
permeability and magnetic suceptibility of the
material,

(15 and 14)

For a sample ofiron the following relation holds -
M= {%JﬁlelO_ﬂ H/m
H

Find the value of H which produce amagnetic field
of I T

(500 H/m)
Amagpnetic field of 2 x 10° A/m. produces a field



10.

11.

87 T in a sample of iron rod. Find relative
magnetic permeability of the sample.

(10%)
A sample of volume 30 em® 1s placed in magnetic

tield ot 5 orested. The magnetic moment induced is
6A/m?. Find magnetic induction.

(0.2517T)

A sample of ferromagnetic material ofmass 0.6 Kg
and density 7.8 x 10° kg/m’ is placed in a
alternating magnetic field offrequency SOHz. Ifthe
area of hysteresisloopis 0.722m’, Find hysteresis
loss per second.

(2.777x10))

The curie temparature of ferromagnetic material is
300K. Ifthe magnetic suceptibility at 450 Kis 0.6.
Find curie constant for it.

(90K)

Magnetic susceptibility for a paramagnetuic
material is 0.60 at 120 K. Find its magnetic
susceptibilityat 27°C.

(0.24)

Aniron rod of cross section 4 cm? is placed
parallel to a magnetic field of 10° A/m. Ifthe
magnetic flux passing through itis 4> 10 *Web.
Find magnetic permeability, relative magnetic
permeability and magnetic susceptibility ofiron.
(10 *Web /A x m, 796, 795)

A circular coil of 100 turns and radius 0.05 m, has
acurrent 0.1 A. Find the work done inrotating it by
180"ina fieldof 1.5T.

(0.236 1)
A coilin the form of unilateral tringle of side /15

suspended inmagnetic 5 which s perpendicular
to plane of coil. Ifthe current in the coil is [ and it
experience a torque T; find the expression for
length of one side of the tringle.

() |
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