i . * UNIT-4

. DIELECTRIC PROPERTIES

In dielectrics, all the electrons are bound to

«Introduction: Dielectrics are insulating materials.
Even with normal voltage or thermal

their parent molecules and there are no free charges.
{  energy, electrons are not released.

.. /Electric Dipole: A system consisting of two equal and opposite charges separated by a distance
is called electric dipole. i

q q
o~ —
- dl +

)..\:C]dl
_+

~Dipole moment: The product of charge and distance between two charges is called dip‘ol‘e
moment.

ie, n=qxdl

7 Permittivity: It is a quantity, which represents the dielectric property of a medium. Permittivity
of a medium indicates the easily Polarisable nature of the material.

Units: Faraday / Meter or Coulomb / Newton-meter .

~ Dielectric constant: The dielectric characteristics are determined by the dielectric constant. The
dielectric constant or relative permittivity of a medium is defined as the ratio between the

permittivity of the medium to the permittivity of the free space.
g,=£/g9=C/Cqo where
¢ is permittivity of the medium
‘g ¢ is permittivity of the free space

C is the capacitance of the capacitor with dielectric
C is the capacitance of the capacitor without dielectric

Units: No Units.

-/Capacitance: The property of a conductor or system of conductor that describes its ability to
store electric charge.

C=q/V=Ae/d where

C is capacitance of capacitor
q is charge on the capacitor plate

Q@
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V is potential difference between plates
A is area of capacitor pl.ate

£ is permittivity of medium .

d is distance between capacitor plates

Units; Farad .

, - e
<" Polarizability (a ) : When the strength of the electric field E is increased the strength of th

induced dipole ju also increases . Thus the induced dipole moment is proportional to the
wntensity of the electric field. '

) R=0E  wherea the constant of proportionality is called polarizability
It can be defined as induced dipole moment per unit electric field.

a= p/E
Units: Farad — mete?

~/Polarization Vector ( P) : The dipole moment per unit volume of the dielectric matenial is
called polarization vector P .if i is the average dipole moment per molecule and N is the

number of molecules per unit volume then pelanization vector
P:N'u ) : '?"‘

The dipole moment per unit volume of the solid is the sum of all the individual dipole
moments within that volume and is called the polarization of the solid.

~Electric Flux Density or Eleetric Displacement (D): The Electric Flux Density or Electric
Displacement at a poiat in the ratenial is given by

D=g;e¢E ---—---—-(1) where
E is electric field strength

£ ; 1S relative permittivity of material
€ o 1s permittivity of free space

As polarization measures additional flux density arising from the presence of the material as
compared to free space, it has same units as D.

Hence D=g¢ E +P --reeenemee(2)
SinceD=g e, E
€oe;E=€o E +P
P =goe;E-go E

P =eo(,-1)E
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Eloeteie Susceptibitity (xe )t The polarization © s proportional to the total electronic flux

donaity 1 and & b the same direation of 11, "Therefore, the polarization vector can be written
f

l‘ = \} x“ “
Therefore o= P/ag B =gy~ 1)0 /5y I

Xo & (“|‘l)

Dicleetvie Strengthe 1t can bo delined ag the minimum voltage required for producing

dielootrie breakdown, Dialectrio strangth decrenses wilh raising the temperature, humidity
and ago of the material,

. _ N . ' = P
Various polarization Process: polarization occurs due to several atomic mechanisms.

When n specimen is placed in n d.c. electric field, polarization is due to four types of
processes. They are

(1) electronic polarization

(2) ionic polarization

(3) orientation polarization and
(4) space charge polarization

« Electronic Polarization: the process of producing electric dipoles which are oriented along
the field direction is called polarization in dielectrics

Consider an atom placed inside an electric field. The centre of positive
charge is displaced along the applied field direction while the centre of negative charge is
displaced in the opposite direction .thus a dipole is produced. .

The displacement of the positively chargsd nucleus and the negative electrons of an atom in
opposite directions, on application of an electric field, result in electronic polarization.

Induced dipole moment
pa E or p=a,E where a, is electronic polarizability
Electronic polarizability is independent of temperature.

Derivation: Consider the nucleus of charge Ze is surrounded by an electron cloud of charge
-Ze distributed in a sphere of radius R.

Disploced
equilibrium |
‘position

Sphere of aelectronic
charge

S
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Chargo density p is given by

D= oZo L (NIIRYY =« (V) (Zo/ TIRY)  eeeemeenes (N

. ; : | . swiences Lorentz
Whon an oxtermal field of intensity 11 is applicd, the nucleus and electrons c>;puul ;
. Totees in opposite direction, Henco the nucleus and olectron cloud are pulled apart.

"0 “ . HY ‘ 4 J
hen Coulomb forco dovelops botween them, which tends to oppose the

- A : ibrium is reached.
displacement. Whon Lorentz and coulomb forces are equal and opposite, equilibrium is reac

Let x bo tho displacement

Lorentz forco = -Zo I} ( since = charge x applied field )

rr c‘l (\
Coulomb force = ZeX | chargo enclosed in sphere of radius ‘x' PATT ¢ o x4, Y/f_; “""‘1,]

¥ 1)'5:0?!.

Charge enclosed = (4/3 ) I xY

= (A/3NK[(-3/4)(Ze/ TIR )]

= . Zex /R

Theretore Coulomb force = ( Ze )(-Zox' /R*) /4T o3 =-Z ¢ x /4 [T & o R?

At equilibrium, Lorentz force = Coulomb foree
ek = -2 x AN g, R
2 E=-Zex/4Mgy R
< orx=41le.R'E/Ze
Thus displacement of electron cloud is proportional to applied field.

The two charges +Ze and

-Ze are separated by a distance ‘x‘ under applied field constituting
induced electric dipoles .

Induced dipole moment p.«Zex
Therefore p,-Ze(4MeoR*E/Ze) = 4MeoR’E

Therefore p, aE, p, =a,E where a,=411g, R’ is electronic polarizability

The dipole moment per unit volume is called electronic polarization. It is independent of
temperature.

P =Npu,-Na, E where

N is Number of atoms / m’

P, =N(4MeoR' E)=4TI¢oR*>NE where

R is radius of atom

L]

;,.,,‘.,-.,;..,.,nu. Ajl iy Andare mey
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/ E‘iEClri‘c Susceptibility x =P/ e oL
" Therefore P =c Ey
P= (4 R*N)eol whero x = A1 R'N
Also P =60E (6y-1)= Na L
Or ¢,-1=Naua/ty

Hence a.=€o (€+-1)/N,

Tonic Polarization: It is due to the displacement of cat ions and anions in opposite directions and

occurs in an ionic solid .

Consider a NaCl molecule, Suppose an electric field is applied in the positive direction , The
positive ion moves by x, and the negative ion moves by x;

e
- _/"‘

Let M is mass of positive ion
M is mass of negative ion X
g = Eq - b 8

x1 is displacement of positive ion

x7 is displacement of negative ion

=)
Total displacement x =X; +X; . )
Lorentz force on positive ion =+eE  =-==-namen (2) .
Lorentz force on negative ion=-e¢E =~ ------—-- (3)
Restoring force on positive ion =-k; Xj===-------(2 a)
Restoring force on negative ion =+kz Xz---------- (3 a) where ki, k2 Restoring force constants

At equilibrium, Lorentz force and restoring force are equal and opposite

For positive ion, e E=k; x;
For negative ion, e E=ky x2 | --=--=n=- (4)

Where k;=Mw,> & k2=ma,” where wp is angular velocity of ions

Thereforex= x; + x =(eE /@®) [IM +1/m ]---——(5)
From definition of dipole moment
| i = charge x distance of separation

p=ex=(eE/w¢’) [IM+1/m] -meeme(6)

®
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But

Therefore

pnaE

%= (2/wy") [IM +1m )

or n=uE

This is ionic polarizability,

Internal field or Local field or Lorentz field: In
site.

3

| g8
l

-]

aadon, [} nx ot
Veriet el pro e (4 s & o4k
f:)"v&wndmﬂﬂlw"" poimiznn

Orientationg] Polarization; °

Permanent dipole mome
positive and negative ch
molecule carries 3 dipol
field. The polarization d
Vil lemiper

alignment.

alue. With increase of

positive charges coincides, so that there is no
nt. On the other hand, in certain molecules such as Ch3Cl, the

arges do not coincide -Even in the absence of an electric field, this
€ moment, they tend to align themselves in the direction of applied
ue to such aligment is called orientation polanzation It is dependent

tesiperatute the thermal Cueigy tends 1o randemize the

Orientational polarization Po = Np=Np2E/3kT

Therefore Orientational polarizability

Thus orintational polarizability g,

material.

=N(10E
=Po/NE = n2/3kT

is inversely proportional t absolute temperature of

temnal field is the total electric field at atomic

Internal fild A=E, + B +E3 +By  —— (I) where

E; is field intensity due to charge density on plates

E; is charge density induced on two sides of dielectric

E3 is fieid intensity due to other atoms in cavity and

Ey isfield intensity due to polarization charges on surface of cavity

®

Jntufastupdates.com Scanned with CamScanner
WWW. :




il

Field E, : E,; is field intensity due to charge density on plates
From the field théory
E,=Dleo
D=P+eoE

Therefore Ei=P+e¢Efso = E+P/eq —(1)

Ficld Ea - Ea is the field intensity at A due to charge density induced on two sides of dielectric

Therefore E;= - P/ )

Field Es : E; is field intensity at A due to other atoms contained in the cavity and for a cubic
structure,

E;=0 because of symmetry.

€))

Field Ey. E, is field intensity due to polarization charges on surface of cavity and was calculated
by Lorentz in the following way:

IfdA 1s the surface area of the sphere of radius r lying between 6 and 0 + d6, where 8 is the
direction with reference to the direction of applied force.

Then dA =2 I1(PQ) (QR)
Butsm8=PQ/r =>PQ=rsin0
Anddo= QR/r =>QR=rdf

5

www.Jntufastubdates.orﬁ Scanned with CamScanner




Hence dA =2TI(rsin 0) (r d6) =211 * sin 6 do
Charge on surface dA is dq=Pcos8dA (cosOis normal component)
dq=P cos 0 (2T1 #sin 0 d0) =P (211 * sin O cos 6.d0)
The field due to the charge dq at A, is denoted by dE.; direction 8 =0
dE,~ dqcos0/4Tl ¢ orF =P(2H'|’sinecosed9)oose

dE,.Psin0cos’0do/2¢, -
IdE4-P/2eo Io"sinecoszed0=P/280 Jo" cos* 8.d (- cos 6)

Let cos@=x

J‘(1134'-'1)/-'7-80 [o™x? dx

Therefore Ey.. -p /2 go [x3/3],"

=-P/2e0 [cos306/3] "=-P/6¢, [[(1-1]=P/3 2, 4)

Local ficld Ei =E1l +E2 +E3 +E4

=E+P/$o -Pley +0+P /3¢,

=E+P/380

J Clausius — Mosotti Relation:

Let us consider the elemental dieleciric having cubic structure. Since there are no ions and
perment dipoles in these materials, them ionic polarizability & and orientational

polarizability aq are zero.
ie. a;=ap =0
Hence polarization P=N o, E;
=Na. (E+P/3g)

ie.P[1-Na. /3e]= No.E

P=Ng.EBE/P[1-Na /3g8] ——>1

D=P+¢gE @
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P=D- sl

Dividing on both sides by E
P/E=D/E-g =8 -8 =80 & - &

P=Esg (& - 1) 2> 2

Fromeqn 1 and 2, we get
P=Es (& -1)=Na.E/[1-Nac /3 0]
[1-Nae /3 ]=Nae/go (& -1)
1= Na /38 + Na/so (6 - 1)
1= (Nae /38 )(1+3/(E-1)
1=Nae /38 )i -1+3)/ (& -]

| =(Nae /380 ) (& +2)/ (& - 1]
per unit volume

(& + 2/ (s -1)= Na. /38 WhereN- o of molecules

This is Clausius —Mosotti Relation.

Dielectric Breakdown : The dielectric breakdown is the sudden change in. state of a dielectric
material subjected to a very high electric field , under the influence of Whu;h , the elec.trons are
lifted into the conduction band caysing a surge of current , and the ability of the material to resist

the current flow suffers a breakdown .

Or

When a dieleciric material loses its resistivity and permits very large current to flow through it,
then the phenomenon is called dielectric breakdown.

There are many factors for dielectric breakdown which are (1) Intrinsic breakdown (2) Thermal
breakdown (3) Discharge breakdown (4) Electro Chemical breakdown (5) Defect breakdown.

(1) Intrinsic breakdown: The dielectric strength is defined as the breakdown voltage per unit
thickness of the material. When the applied electric field is large, some of the electrons in the
v.a]ence band cross over to the conduction band across the large forbidden energy gap giving
rise to large conduction currents. The liberation or movement of electrons from valence band is
called field emission of electrons and the breakdown is called the intrinsic breakdown or zener

breakdown.

& riers reliasad _ The nlumber of covalent bonds broken and the number of charge
ed increases enormously with time and finally dielectric breakd :
of breakdown is called Avalanche breakdown Y reakdown occurs. This type
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(2) Thermal breakdown: It occurs in a dielectric when the rate of heat B""c,m“(m IS. Brffm(t:(;nrclrlz:zllil:)rl
the rate of dissipation, Energy due to the dielectric loss appears as heat, If the rate 01, t? it
of heat is larger than the heat dissipated to the surrounding, the temperature of lI}ct fb ‘-. o '
increases which eventually results in local melting .once melting starts, that particular reg

becomes highly conductive, enormous curren flows through the material and dielectric
breakdown occurs,

. . Thus thermal breakdown occurs at very high temperatures, Since the
dielectric loss is directly

~ proportional to the frequency, for a.¢ fields, breakdown occurs at
relatively lower fisld strengths,

(3) Discharge breakdow
breakdown is general|
observed at sharp edg
It 1s accompanied by

n: Discharge breakdown is classified ag external or internal. External
y caused by a glow or corona discha
&s of electrodes, It causes
the formation of carbon so
and corplete failure of the

rge .Such discharges are normally
deterioration of the adjacent dielectric medium.
\ that the damaged areas become conducting
leading to power are dielectric. Dust or moisture on the surface of
the dielectric may also cause external discharge breakdown. Internal breakdown occurs when
the insulator contains blocked 8as bubbies .1f large numbey of gas bubbles is present, this can
occur even at low voltages,

(4) Electro Chemical hreakdown: Chemical
thermal breakdown. When temperature ris
electrochemical reaction takes
increases and this may lead to
decreases the insul

and electro chemical breakdown are related to
es, mobility of ions increases and hence

place. When ionic mobility increases leakage current also
dielectric breakdown. Field induced chemical reactio
ation resistance and finally results in breakdown,

n gradually

(3} Defect breakdowa: if the surface of the diclectric material has defects such as cracks and
perosity, then impuniiss such as dust or moisturs collect at these discontinuities leading to
breakdown. Also if it has defect in the form of strain in the material, that region will also break
on application of eleciric field. *

N

Frequency dependence of polarizability:

On application of an electric field,
of time. The polarization P(t) as

t is given by

polarization process occurs as a function
a function of time. The polarization P(t) as a function of time

P(t)=P[1-exp (-t/t,)] |
Where P — max. Polarization attained on prolonged application of static field.
t, - relaxation time for particular polarization process

The relaxation time t, is a measure of the time scale of polarization process. It is the time
taken for a polarization process to reach 0.63 of the max. value.

Electronic polarization is extremely rapid. Even when the frequency of the applied volta‘ge
Bl e e el S e e ncemn At mosamrs mosnla
1s very high in ihe opiicai range (;-‘10” Hiz), cletitome polarization oocuis during overy oyclo

of the applied voltage.
| ©
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Ionic polarization is due to dis
field. Since ions are heavier tl
Thp frequency with which io
frequency (=
frequency of

placement of ions over a small distance due to the applied

1an eleqtron cloud, the time taken for displacement is larger.

1013Hz). Hen cens tare c!'Splﬂccd is of the same order as the Ialt.ic.c_vibmtion

the a l: q 3 9Pt103| frequencies, there is no ionic polarization. If the
pplied voltage is less than 1013 Hz, the ions respond.

Orientati ST ) o

orienmtilon pollar.lzat.mn-ls even slower than ionic polarization. The relaxation time for

when th 0? polarization in a liquid is less than that in a solid. Orientation polarization occurs,
€ frequency of applied voltage is in audio range (1010 Hz).

Space c!mrge polarization is the slowest process, as it involves the diffusion of ions over
several interatomic distances. The relaxation time for this process is related to frequency of
10ns under the influence of applied field. Space charge polarization occurs at power
frequencies (50-60 Hz). A

Polarization ——
%'
B
=
o

electronic — 7—'|.
“ = . optical
clectrical frequencies ] visible
wiio  mdio infiared

power .
Frequency —-

Piezo — Electricity:  These materials have the property of becoming electrically polarized when
mechanical stress is applied. This property is known as Piezo — electric effect has an inverse
.According to inverse piezo electric effect, when an electric stress or voltage is applied, the
material becomes strained. The strain is directly proportional to the applied field E.

When piezo electric crystals are subjected to compression or tension,
opposite kinds of charges are developed at the opposite faces perpendicular to the direction of
applied force. The charges produced are proportional to the applied force.

32" Symmetry classes

RN

11 Centro symmetric 20 Non - centrosymmetric
+1 Centro symmetric (piezo electric)
(in combination) / \
' 10 Polar axis - ‘10 No polar axis
(Pyroelectric)y (Non - pyroclectric)
‘hy‘.‘"?”i’. ' non-hysteresis
~ (Femoelectric) - (Non - feqroclectric)

Piezo — Electric Ma?erials and Their Applications:  Single crystal of quartz is used for filter,
resonator and delay line applications. Natural quartz is now being replaced by synthetic material. i

i
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Rochelle salt is used as transducer in gramophone pickups, ear phones, p
Imnng aids, microphones ete. the commercial ceramic materials are baged on barium titanate, lw '

zirconate and lead titanate. They are used for high voltage generation (gas lighter 8),
accelerometers, transducers ete.

Piezo electric semiconductors such as Ga$, ZnO & CdS are used as z-mplifiers
of ultrasonic waves.

chl'n '0 electricity: Ferro electric materials are an important group not only because of intrinsic

Ferro electric property, but because many possess uscful piezo electric, birefringent and electro
optical propertics.

g The intrinsic Ferro electric property is the possibility of reversal or
change of orientation of the polarization direction by an electric field. This leads to hysteresis

in the polarization P, electric field E relation , similar to magnetic hysteresis. Above a critical

temperature, the Curie point T,, the spontaneous polarization is destroyed by thermal disorder. The
permittivity shows a characteristic peak at T,

-

0 -—E

(a)
Y b;

y_Pyroelectricity: Itis the change in spontaneous polarization when the temperature of
specimen is changed.

€0 ® &
®o®0o7 8 gg@g@
e@e@l
@@@@8 8 8 8
Gt 070 | P

Pyroelectric coefficient ‘A is defined as the change in polarization per unit temperature change
of specimen.

A= dP/dT

change in polarization results in change in exteral field and also changes the surface.

Rf:‘luu ed Qualitics of Good Insulating Materials: The required qualities can be classified as
under electrical, mechanical, thermal and chemical applications.

"

\2
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Dlfferance hatwash.pelarand non nelar.dislasteles:
Nan.polar dislesrrics
1. They do not have permanent dipole

moments. But they have induced dipole
momaents In the presence of an applied field

Polar diglectocs

1, They have permanent dipole
moments even [n the absence of an
applled fleld.

2. Therels absarption or emisslon ir
: P ‘ ) 2. There Is no absorbtioOn or emission in
infrared range for the molecules of polar

. Infrared range for the molecules of on polar

dielectrics.
dielectrics.

3. The polarisation of palar molecule
3, The polarisation of non polar molecules

strongly temperature dependent.
is independent of temperature.

4. Theydo not have centre of

symmetry.
! o 4, They have centre of symmetry.

5. Examples Hdl, H,0, CO.
5. Examples0, Hz, N;.

+ ﬁl }12
ﬁ' = ﬁq . ,'-J'l =0
(b) Pelar diekictrlc -
_ (3) Non-polar dlelectric ( 13 )

;Fohe ldlelecmc c.haraclcristics of a material are determined by the dielectric
« tr;s 2ntt or relative per‘m[tt.mty &r of that material. Dielectric constant is the
0 between the permittivity of the medium and the permittivity of free space

€

ie. = —
r Eo ()

S. . . . . . .
r h . I . ' l
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. MAGNETIC PROPERTIES

Introduction : The basic aim in the study of the subject of magnetic materials is to understand the
‘effect of an external magnetic field on a bulk mater:al ,and also to account for its specific
behavior. A dipole is an object that a magnetic pole is on one end and a equal and opposite second
magnetic dipole is on the other end.

A bar magnet can be considered as a dipole with a north pole at or:e end and
South Pole at the other. If a magnet is cut into two, two magnets or dipoles are created out of one.

magnetism lies in the basic building block of all the matter i.e. the atom.

Consider electric current flowing through a conductor. When the electrons are
flowing through the conductor, a magnetic field is forms around the conductor. A magnetic field is
produced whenever an electric charge is in motion. The strength of the field is called the magnetic

moment.

Magnetic materials are those which can be easily magnetized as they have
permanent magnetic moment in the presence of applied magnetic field. Magnetism arises from the
magnetic dipole moments. It is responsible for producing magnetic influence of attraction or

repulsion.

We - itis a system consisting of two equal and opposite magnetic poles seﬁarated bya
small distance of ‘2I’mefre. :

ﬁagneﬁc Moment ( (;f\,,,) :It is defined as the produ& of the ‘pole strength (m) and the distance
“between the two poles (21) of the magnet. ,

i.e.. z\,.._ =2l)m

Units: Ampere — metre” y
/

Magnetic Flux Density or Magnetic Induction (Q; It is defined as the number of magnetic lines
"of Torce passing perpendic arly through unit area.

i.e.. B =magnetic flux/area =®/A

Units: Weber / metre” or Tesla.

M) . , e
Permeability: Tho— cio i ity of- Ve mediuwn coheetn allouer Wagnelie Livedst£
agnefic Intensity (H): The magnetic field intensity at any point in the magnetic field is the 1

force experienced by a unit north pole placed at that point. .

Units: Ampere / meter

The magnetic induction B due to magnetic field intensity H applied in vacuum is related by

®©

www.Jntufastupdates.com Scanned with CamScanner

This sectioning.and creation of dipoles can-continue to the atomic level. Therefore, the source of =~ &



B=upyH where po ispermeability of free space =4 I x 10"H/m
If the field is applied ina mt;dium, the magnetic induction in the solid is given by
- B=uH where g is permeability of the material in the medium
#=B/H

Hence magnetic Permeability # of any material is the ratio of the magnetic induction to the applied
magnetic field intensity. The ratio of p/ py is called the relative permeability (/¢ )-

#e=p/ po

Therefore B= pop. H

W It is the process of converting a non — magnetic material into a magnetic material.
The 1ntensity of magnetization (M} of 2 material is the magnetic moment per unit volume. The

intensity of magnetization is directly related to the applied field H through the susceptibility of the
medium () by

The magnetic susceptibility of a material is the ratio of the intensity of magnetization produced to
the mugnete ﬁm whick produces the magoatization. Tt has no units. bcs) -

W
Wotmow  Ro \ iy belmcon, B, oud M |
we ¥nouww B=xH

-

o s I R Sk

= popr H
ie B=pgopH+usH-pH
=oH+poH( pe—1)

=uoH+puM where M is magnetization=H ( g.—-1)
ie B= gy (H+M)-—mm @)

The first term on the right side of eqn (2) is due to external field. The second term is due to the
magnetization.

Hence g9 =B/H+M ‘ Yy
Relative Permeability ( M) ! —
NN NN S A Y

pe=p/ po-(B/H) /(B/H+M)=H+M/H =1+M/H

=14y —=03)

-~

Jrdenrermnldiimdatan awe
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The magnetic properties of all substances are assocjated with the orbital and spin motions of the
glectrons in their atoms. Due to this motion, the electrons become elementary magnets of the
substance. In few materials these elementary magnets are able to strengthen the applied magnetic

field , while in few others , they orient themselves such that the applied magnetic field is
weakened.

Origin of Magnetic Moment : In atoms, the permanent magnetic moments can arise due to the
following :

1. the orbital magnetic moment of the electrons
2. the spin magnetic moment of the electrons
3. the spin magnetic moment of the nucleus.

W) Orbital magnetic moment of the electrons: In an atom, electrons revolve round the nucleus in
- 3 e i T e s
different circular orbits.

Let m be the mass of the electron and r be the radius of the orbit in which it moves with angular
velocity .

The electric current due to the moving electron 1= - ( number of electrons flowing per second x
charge of an electron )

ThereforelI=-ew /211 —meemeee—(1)

The current flowing through a circular coil produces a magnetic field in a direction perpendicular

to the area of coil and it is identical to the magnetic dipole. the magnitude of the magnetic moment
produced by such a dipole is

Hn=1.A

=(-ew/2I )(Ir*)
= -e(ur2/2=(-e/2m)(mm r2)=-(e/2m)L--—--—(2)

where L=ma r* is the orbital angular momentum of electron. The minus sign indicates
that the magnetic moment is anti — parallel to the angular momentum L. A substance therefore
possesses permanent magnetic dipoles if the electrons of its constituent atom have a net non-
vanishing angular momentum. The ratio of the magnetic dipole moment of the electron due to its

orbital motion and the angular momentum of the orbital motion is called orbital gyro magnetic
ratio , represented by v.

Therefore y=magnetic moment / angular momentum = e/ 2m

The angular momentum of an electron is determined by the orbital quantum number ‘1’ given by 1
=0,1,2,...... (n—1) where n s principal quantum number n=1,2,3, 4,
...... corresponding toK , L., M, N....._shells .

The angular momentum of the electrons associated with a particular value of 1 is givenby I(h /211

)

The strength of the permanent magnetic dipole is given by

Ba=-(e/2m)(1h/21I)

©
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ie Ha=-(ehl/41Im) =-pupl - —(3)

The quantity 4iy = eh/4TIm is an atomic unit called Bohr Magneton and has a value 9.27% 10
24 ampere metre?

In an atom having many electrons, the total orbital magnetic moment is determined by mkmgtflllled
algebraic sum of the magnetic moments of individual electrons. The moment of a completely fille
shell is zero. An atom with partially filled shells will have non zero orbital magnetic moment.

() Magnetic Moment Dy to Electron Spin.: The magnetic moment associated with spinning of the
#  electron s called SPIN magnetic moment u ., .Magnetic moment due to the rotation of the

:elec.tronic charge about one of the diameters of the electron is similar to the earth’s spinning-
motion around it’s north — south axis.

An electronic charge being spread over a spherical volume ;the electron spin would cause different
charge elements of this sphere to form closed currents, resulting in a net spin magnetic moment.

T.hls.net magnetic moment would depend upon the structure of the electron and its charge
distribution, -

Ha=7v(e/2m)s (Dwhere S=h/411is spin angular momentum

:- ~tl_1_qref9re Hes =94x10H ampere metre?

Thus, the magnetic moments due to the spin
order of inagnitude. The spin and electr
eleciron zard exist even for a stationa
always s

and the orbital motions of an electron are of the same
on spin magnetic moment. are intrinsic properties of an

ty electron. Since the magnitude of spin wagnetic moment is

ame, the exiorna! field can only influence its ditetion. 1 the eleciron SPIn raements are

2 varying f1eld it experionces a
¢ field due to spin magnetic moments of its various

1ree W ortest thasasely o i fhe direction of fhe applied feld B Ia
force in the

direction of the increasing magnet
electrons.

Magnetic Moment due to Nuclear Sp
moment. By analogy with
It is given by

i : Another contribution may arise from the nuclear magnetic
Bohr Magneton, the nuclear magneton arises due to spin of the nucleus.

Mo =eh/4TIM,

Hps=505%x 1077 ampere metre”  where M, is mass of proton.

The nuclear magnetic moments are smaller than those associated with electrons.

/ Classification Of Magnetic Materials :All matter respond in one way or the other wl'xeh subjegted
l o the influence of a magnefic field. The response could be strong or weak, but there is none with
E

- zero response ie, there is no matter which is non magnetic in the absolute sense. Depending upon
the magnitude and sign of response to the applied field , and a}so on the basis of effect of )
i' temperature on the magnetic properties, all materials are classified broadly under 3 categories.

1. Diamagnetic materials 2. Paramagnetic materials, 3. Ferromagnetic materials

@

$rdermrad v dadan aves
-
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tic materials

\ two mor~ classes of materials have structure very close to ferromagne e
Is and 11.

jut possess quite different magnetic effects. They are 1. Anti ferromagnetic materia

ferrl magnetic materials :
\/ /\ roremesnett

Ferromagnetic

Antiferromagneti

l l Ferrimagnetic

1. Diamagnetic materials: Diamagnetic materials are those which experieqce a repelling force
When brought near the pole of a strong magnet. In a non uniform magnetic field they are
repelled away from stronger parts of the field.

In the absence of an external magnetic field, the net magnetic dipole
moment over each atom or molecule of a diamagnetic material is zero.

Ex: Cu, Bi, Pb .Zn and rare gases.

5 > Pout
S =B P < towt Femromagretk

8 Parsmagnetc
Qe W) Dpnts o

Fie mmawmmkmmw""df""“‘“'
- :

9 Paramagnetic materials: Paramagnetic materials are those which experience a feeble

Afiractive force when brought near the pole of a magnet. They are attracted towards the
stronger parts of magnetic field. Due to the spin and orbital motion of the electrons, the atoms

of paramagnetic material posses a net intrinsic permanent moment.

Susceptibility y is positive and small for these materials. The susceptibility is inversely
proportional to the temperature T.

ra /T

1=C/T where C is Curie’s temperature.

®
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: ibi magnetism.
Below superconducting transition temperatures, these materials exhibit the Para magn

L7

Examples: Al, Mn, Pt, CuCl,.

i jals se whi rience a ve
Fervomagnetic Materials; Ferromagnetic materials are those which expe : ry
Slrong lrcive Toics Wi » nole of a magnel. These materials, apart from
strong attractive force when brought near the pole of ¢ ! o i e
getting magnetized parallel to the direction of the applied ﬁelq,lwx tcoS S
magnetic property even after the magnetizing field removed. The atom

: b Lo ich i to the spin of the
materials also have a net intrinsic magnetic dipole moment which is due p
electrons,

Susceptibility is always positive and large and it depends upon temperature. - -

%= C/(T-0) (only in paramagnetic region i.e., T > 6)
0 is Curie’s temperature, .
When the temperature of the material is greater than its Curie temperature then it converts
into paramagnetic material,

Examples: Fe, Ni, Co, MnO.

Antiferromagnetic matériels: These are the ferromagnetic materials in which equal no of

OPposite spins with same magnitude such that the orientation of neighbouring spins is in
antiparallel manner are present.

Susceptibility is small and positive and it is inversely proportional to the temperature.

r=C /(T+0)

the temperature at which ant ferromagnetic material converts into paramagnetic material is
known as hed)'s tenrerature,

Examples: FeO, Cr,0,.

Ferrimagnetic_materials: These are the ferromagnetic materials in which equal no of
TN = . . . N . . o
opposite spins with different magnitudes such that the orientation of reighbouring spins is in
antiparallel manner are present.

Susceptibility positive and large, it is inversely proportional to temperature

=C/(T+£0) T> Tn ( Neel’s temperature)

Examples : ZnFe,04, CuFe,0,

!
I
KR
X
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( / Domain
‘ enomagnetiegﬁﬁ\jw&sﬁ@i According to Weiss, a virgin Spemme}t: of
SPontaneGusly mg al consists of a no of regjons or domains (= 1Q-6 m or larger) whic ;rei
alignment of 1l "gnetlz.ed. .In each domain spontaneous magnetization 15 _due to paralle
domain to d all magnetic dipoles. The direction of spontaneous magnetization varies from
external omain. The resultant magnetization may hence be zero of nearly zero. When an
emnal field is applied there are two possible ways of alignment fo a random domain.

RANDOM ORIENTATION OF MAGNETIC
MOMENTS OF THE DOMAINS

S . "\
. - . \""
= NP H A
A=0 = { t T o4
’14-‘\ "-‘—\
/' \\ ’I
DOMAIN ORIENTATION IR THE DOMAIN EMUARGEMENT /
ABSENCE OF MAGNETIC FIELD SRINKAGE DUE TO WEAK

ro
AN t
DOMAIN ROTATION DUE TO SATURATION DUE 10
STRONG FIRLDS VERY HIGH FIELDS

() (d)

i). By motion of domain walls: The volume of the domains that are favourably oriented with
respect to the magnetizing field increases at the cost of those that are unfavourably oriented

ii) By rotation of domains: When the applied magnetic field is strong, rotation of the
direction of magnetization occurs in the direction of the field.
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HYSTERISIS CURVE: (R —p} = Cudwe )
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ENGG. PHYSICS
The hystereses of ferromagnetic materials represent the phenomenon of 1agging of \
magnetization behind the applied magnetic field, It is an irreversible characteristic of \

ferromagnetic materials. The loop also reformed to hysteresis loop which is shown in fig. {

X
¥

1. When a magnetic field is applied on a ferromagnetic material the magnetization increases

rapidly with applied field up to a value. after that it remains costant.this magnetization is
known as “saturated intensity of magnetization”

i
2. If magnetic field on the material is reduced back to zero, magnetization will not travel in ﬁ
the initial path, it creates a new path and reaches to”~ . called as “residual
magnetization™ and that point is called “retentivity”

3. If residual magnetization reduces to zero, -ve field has to be applied, when sufficient ‘-ve’

field is applied the residual magnetization becomes zero and the field is known as “~ve 4
cohecevive field”.

. 4. If the —ve magnetic field is further applied then it increases the magnetization in -ve i
direction is called —ve saturated magnetization.

5. If the —ve field is decreases back to zero.the —ve saturated magnetization will not travel in

the initial path,creats a new path and reaches to a point called ‘-ve'retentivity and the
magnetization is called —ve residual magnetization.

6. In order to decreases. the —ve residual magnetization to zero, some +ve field has to be

applied. The amount of magnetic field required to bring residual magnetization to zero is
known as cohersive field.

7. Further, the increases of +ve field the magnetization again reaches to +ve satururation.it is
a cyclic process.

8. From this it is observed that the magnetization which is started from origin will not reach
back to that point. Hence it is an irreversible process.

HYSTERISIS LOSS:

Hysteresis loss is the loss of energy in taking a Ferro magnetic material through a complete
cycle of magnetization and this loss is repeated by the area enclosed by the hysteresis loop.

S
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Hloop ol the forromagnelto magey gty vaity in nizo nod shape, Thi varinlion i

v Ystonesis toops Teads o o broad olassil | l
Solypo, . ad o a broad olassilieation of wll the magnetic materinli into fnigeel type ane
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(- Mgt Mty
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i o ‘. } . ‘ ..’. " ' o mapnelic
. such a naturo 4 attributed 1o tho prosence of impuritics or non-mag,
matectals, or the Iattico imperfoctions, Such dofects atlrct the domain wally thereby reducing,
the wall energy, It results tn o stablo atato for (he domnin wally and gives mechanical
hnrﬂpmﬁ‘ to the matorial which increnses the electrical resistivity. The mcrease in clcclriqll
resisitivity brings down the eddy current loss if wsed in n.c conditions, The hard magnetic
materials can neither bo casily magnetized nor easily domagnetized

Rl Y F-wernd H—

HYSTERCSIS CURVE TOR HARD MAGNETIC MATCRIAL

Properties:

High remanent magnetization
High coercivity

High saturation flux density
Low initial permeability
High hysteresis energy loss

High permeability
The eddy current loss is low for ceramic type and large for metallic type.

Nowa LN -

Examples of hard magnetic materials are, i) Iron- nickel- aluminum alloys with certain
amount of cobalt called Alnico alloy. ii) Copper nickel iron alloys. iii) Platinum cobalt alloy.

Applications of hard magnetic materials: For production of permanent magnets, used in
magnetic detectors, microphones, flux meters, voltage regulators, damping devices and

magnetic separators.

Soft Magnetic Materials:
,W\/\/WW

Soft magnetic materials are those for which the hysteresis loops enclose very small area.
They are the magnetic materials which cannot be permanently magnetized. In these materials
the domain walls motion occurs easily. Consequently, the coercive force assumes a small
value and makes the hysteresis loop a narrow one because of which, the hysteresis loss
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becomes very small. For the sane reasons, the materials can be easily magnetized and ‘
demagnetized.
B
4
“—N H—r
B
HYSTERESIS CURVE FOR SOFT
MAGNETIC MATERIAL
/Properties:
~Y
1. Low remanent magnetization
2. Low coercivity
3. Low hysteresis energy loss
4. Low eddy current loss
5. High permeability
6. High susceptibility

-
W
]
=
4

Examples ¢! sotl inagnetic materials are

1) Permalloys ( alloys of Fe and Ni)

11) Si —Fe alloy

iii)  Amorphous ferrous alloys ( alloys of Fe, Si, and B}

iv)  Purelron (BCC structure) . -
__/Applications of soft magnetic materials; Mainly used in electro- magnetic machinery and
’Ea/nasfarﬁ/mey ~s also used in switching circuits, microwave isolators and matrix

storage of computers.
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ENGG. PHYSICS

WEEN HARD AND SOFT MAGNETIC MATERIALS

solt materials,

Based on (he shape of the hysteresis.loop the magnetic materials are classified into hard and

Hard magnetic materials

Soft magnetic materials

The above fig shows the nature of the
hysteresis loop of hard magnetic materials

The above fig shows the nature of the hysteresis
loop of soft magnetic materials.

[, These can not be easily magnetized
and demagnetized,

1.These are easily magnetized and demagnetized

These materials have large hysteresis

| 2,
' loss

2. They have very small hysteresis loss.

3. They have small permeability and
susceptibility values.

3. They have high permeability and susceptibility
values.

4, In these materials domain wall
movement is difficult

4,The domain wall movement is easy

5. Coercivity and retentivity are very

5.The coercive and retentivity values are small

’ large,

| ] . ' : .

| 6. These have imperfections 6. These are free from imperfections.
7. They are used in permanent magnets | /- 1€y are used in electromagnets

AINiCO

eg.Fe-silicon alloys

| Eg.
ﬂrf
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