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Permeability

The magnetic induction or magnetic flux density (B) in any
material is the number of lines or magnetic force passing
through unit area perpendicularly. Its unit is Wb m2 or Tesla.
The magnetic field intensity (H) at any point in the magnetic
field is the force experienced by an unit north pole placed at
that point. Its unitis Am -1

The relation between the magnetic flux density B and the
magnetic field strength H in vacuum

B = pH

Mo = magnetic permeability of the vacuum = 4z - 10-7 Vs/Am
= 1,26 - 10-%Vs/Am or (Henry /m)




[image: image2.png]Instead in vacuum if the field is applied in a medium, the
magnetic induction is

B=upH
M = magnetic permeability of the material

s B
H
Therefore, the magnetic permeability of any material is the

ratio of the magnetic induction in the sample to the applied
magnetic field intensity.

The ration of magnetic permeability of material to permeability
of free space is called relative permeability (ur) of the solid.

M= £
Hy
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Magnetization refers to the process of converting a non-
magnetic sample into a magnetic sample. The intensity of
magnetization (M) of a sample of a material is the magnetic
moment per unit volume. Its unit is A m'- The intensity of
magnetization is directly related to the applied field H through
the susceptibility of the medium x by

Thus the magnetic susceptibility (x) of a material is the ratio
of the intensity of magnetization produced in the sample to
the magnetic field intensity which produces the
magnetization. It has no units.
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where the magnetization M is equal to H(/“r -1

ie. B= x4, H+M)

The first term on the right side of the equation is due to

external field. The second term is due to the
magnetization.

Thus the magnetic induction (B) in a solid is
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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, and
3. The spin magnetic moment of the nucleus.

Orbital magnetic moment of the electrons. |

We know that In atom electrons revolve
round the nucleus in different circular v
orbits.

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

We can calculate the electric current due

to the moving electron.





[image: image7.png]Current | = -(number of electrons flowing per sec x charge of an electron)

Since w is the angular velocity, number of revolutions made by
electron per sec ~

Y

o
Hence, I = o

When current flow through a circular coil, it produces a
magnetic field in a direction perpendicular to the area of the
coil and it is identical to a magnetic dipole. The magnitude of
the magnetic moment produced by such a dipole is
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Where L = m o r2 is the orbital angular momentum of
electron.

The minus sign indicates that the magnetic moment ., is anti
parallel to the anaular momentum L.

h
LiB=my >,

m, - magnetic quantum number

_ ()2
e e
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Where pp = ;-=9.27 < 10 ¥ A —m?and is

called Bohr magneton.

In an atom having many electrons, the total orbital magnetic
moment is determined by taking the algebraic sum of the
magnetic moments of individual electrons. The moment of a
completely filled shell is zero. An atom with partially filled
shells will have none zero orbital magnetic moment.




[image: image10.png]Electron Spin:-
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magnetic spin angular momentum is s = 5(%)

The spin magnetic moment is half of a Bohr magneton.
Taking into account electron spin, the magnetic moment

component [L., along the field direction is given by

h
Nz=g (i)m h=g (Q—Jm
SZ > m S > W4mm S
m, — spin quantum number

Where g is called the spectroscopic splitting factor or Lande’s
splitting factor. It is given by the Lande formula,

T +D+5(5+ D)- L(Z +1)
2T+

=14

=]




[image: image11.png]Where
S is the spin angular momentum
L is the orbital angular momentum
J is the total angular momentum obtained by vector

addition of Land S

Nuclear Spin:-

The atomic nucleus possesses intrinsic spin (called nuclear
spin) and hence a magnetic moment is associated with

nuclear spin.

The nuclear magnetic moment is expressed in nuclear
may eh
Ha = a7as, where My is the mass of the proton

K, =5.05x10-29 A—m?




[image: image12.png]DIFFERENT TYPES OF MAGNETIC MATERIAS

(a) Diamagnetic materials and their properties

»The diamagnetism is the phenomenon by which the
induced magnetic moment is always in the opposite
direction of the applied magnetic field.

»The magnetic material having negative susceptibility is
called a diamagnetic material.

» Further for the diamagnetic materials, each atom has no
permanent magnetic moment.




[image: image13.png]> The number of orientations of electronic orbits in an
atom of the diamagnetic material is such that the vector sum
of magnetic moments is zero.

> The external field will cause a rotation action on the
individual electronic orbits. This produces an induced
magnetic moment which is in the direction opposite to the field
and hence tends to decrease the magnetic induction present
in the specimen.

> The ordinary material which has no repulsion or
attraction for the magnetic flux lines when it is placed in a
uniform magnetic field. But there is repulsion of magnetic flux
from the centre of the material indicating the diamagnetic
behavior of the magnetic material.




[image: image14.png]» Diamagnetic materials repel magnetic lines of force.

»There are no permanent dipoles; consequently magnetic effects
are very small.

»Generally the value of diamagnetic susceptibility is independent
of temperature and applied magnetic field strength

Examples : Organic materials, light elements, Alkali
earths, Bismuth, Niobium and its compounds in the
superconducting state, etc.
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[image: image15.png]Paramagnetic materials and their properties
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»The paramagnetism is the phenomenon by which the
orientations of magnetic moments are largely dependent on
temperature and applied field. If the applied magnetic energy is
greater than the thermal energy, the magnetic moment of the
material is finite and large.

»The number of orientations of orbital and spin magnetic
moments be such that the vector sum of magnetic moments is
not zero and there is a resultant magnetic moment in each atom
even in the absence of applied field.

»If we apply the external magnetic field, there is an enormous
magnetic moment along the field direction and the magnetic
induction will increase.

»Paramagnetic materials attract magnetic lines of force.




[image: image16.png]»The values of the paramagnetic susceptibility are
independent of the applied magnetic field and depends
greatly on temperature such that x = C/(T-6) where C is
the curie constant and 6 is the Curie temperature.

»When the temperature T is less than the curie
temperature of the material, it is converted into
diamagnetic.

»These materials are used in Lasers and Masers where
one can create the required energy levels for transition.
Paramagnetic property of oxygen is used in the nuclear
magnetic resonance imaging instrument which is used to
diagnose the brain tumor or blood clot in the brain.
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Examples: Alkali metals (Na, K), transition metals,
chromium and yttrium





[image: image18.png]Ferromagnetic material and their properties

<+*Ferromagnetism is a phenomenon by which
spontaneous magnetization occurs when T <6 and so
even in the absence of applied field, the magnetic
moments are enormous. Here q is the curie
temperature of the material.

<»Ferromagnetism arises when the exchange energy is
favorable for spin alignment.

<If a material acquires a relatively high magnetization in
a weak field, then it is into paramagnetic.

<»Magnitude of Susceptibility is very large and positive.

<»When temperature is greater than Curie temperature
‘6" then it is converted into paramagnetic.




[image: image19.png]<When temperature is less than ‘0’, the material is in
ferromagnetic state and c is very large due to spontaneous
magnetizations.

<»Due to the large internal field, the permanent dipoles are
strongly aligned in the same direction and consequently a
large spontaneous magnetization results even in the
absence of an applied field.

<+ They attract the lines of force very strongly.

<»They exhibit magnetization even when the magnetizing
field is removed. i.e. they exhibit magnetic hysteresis.

<»During heating they lose their magnetization slowly.

Examples: Fe, Ni, Co. IRERRRRI
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[image: image21.png]Anti-ferromagnetic materials and their properties
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<»This refers to spin alignment in an anti-parallel
manner in neighboring magnetic ions resulting in zero
net magnetization.

<»Magnitude of susceptibility is small and positive. At T=0,
the net spin magnetic moment of an A - site atoms is
equal and opposite to the net spin magnetic moment of B —
site atoms. Therefore |, and I vary in a slightly different
manner. This will lead to a positive and small value of
susceptibility for these materials. The susceptibility varies
with temperature. Here 1, and I; are the intensity of
magnetization in A sites and B sites respectively.




[image: image22.png]<»Temperature dependence of susceptibility : When T >
Ty (Neel temperature), x = C/(T+0)

<+The opposite alignment of adjacent magnetic
moments in a solid is produced by an (unfavorable)
exchange interaction.

<Initially susceptibility increases slightly as the
temperature increases and beyond Neel temperature the
susceptibility decreases with the temperature.

<*Neel temperature is the temperatre at which
susceptibility of the material is maximum.




[image: image23.png]Ferro-magnetic materials and their properties
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VIt is a special case of anti-ferromagnetic in which anti-
parallel moments are of different magnitudes and a large
magnetization arises.

v'Magnitude of susceptibility is very large and positive.

v Temperature dependence of susceptibility: At T > Ty,
x = C/(T+6)




[image: image24.png]v These are composed of two or more sets of different
transition metal ions. There are different number of ions
in each set. Due to that, unlike anti-ferromagnetism, there
is a net large magnetization.

v These are also called ferrites.

Examples: Ferrous Ferrite and Nickel ferrite
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[image: image26.png]HYSTERESIS:

A striking property of the ferromagnetic materials is the
relation between magnetization and the strength of the
magnetizing field. This property is called hysteresis.

The literal meaning of the word hysteresis is the
“retardation or lagging of an effect behind the cause is the
magnetizing field ‘H’ and the effect that is being produced
in the ferromagnetic material.

A plot of M Vs H gives an interesting curve are also drawn
relating magnetic induction ‘B’ and the magnetizing field H
because B can be measured directly.




[image: image27.png]Hysterisis curve M or B Vs. H




[image: image28.png]Significant features of the hysteresis curve are:

(i) If we start with a demagnetized specimen, M = 0, with the increasing
values of the magnetizing field H, the magnetization of the specimen
increases from zero to higher values. The increase is non-linear. By
the time P is reached the maximum magnetization is attained.
Beyond this point even if H is increased M remains unchanged.

This value of M = My is termed as saturation of magnetization. At this
state all the molecular dipoles get aligned along the H direction.
Hence, the magnitude of M stops increasing any further.

Next coming to the curve 2 of the loop, M does not decrease in phase
with the decreasing H. The lagging of M behind H is significant as H
attains zero value. We notice that enough amount of M = M, is left
behind instead of tending to zero along with H at H = 0. This value of M
which persists at H=0 is called the residual magnetization.




[image: image29.png]As we proceed with the negative H, values, M comes back to its initial
value of zero only at certain magnitude of the reversed field H,. H, is
known as the coercivity of the specimen. Going further the saturation
of magnetization is reached in the opposite direction.

The remaining part of the loop follows. In one cycle of operation the
complete loop can be obtained. This loop does include some area.
The area indicates the amount of energy wasted in one cycle of
operation.




[image: image30.png]SOFT AND HARD MAGNETIC MATERIALS

Hard Magnetic Materials:-

Ferromagnetic materials are classified as soft or hard. The classification
is mainly based on the hysteresis characteristics. Magnetically soft
materials have low coercivity (H.) while those with high values of H. are
called hard magnetic materials.
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[image: image31.png]Characteristics of Hard Magnetic materials:

Large hysteresis loop area-indicating high energy loss.
High remanent magnetization

High coercivity

High saturation flux density

Low initial permeability

Low permeability

Low susceptibility




[image: image32.png]Hard magnetic materials are used to manufacture permanent
magnets:-

Magnets materials:- For permanent magnet applications, movement of
domains walls is to be suppressed such that one magnetized, they remains
in that state. This is achieved by using very fine single domain particles.
Amongst the common magnet materials in use are carbon and alloy steel,
Alnico alloys and hard ferrites. Special alloys like P-CO, manganese
bisumthide and cobolt-rare earths are used in special cases where size and
performance are importance.

Magnetic steels:- Caron and other slightly soluble atoms in iron precipitate
out as an ordered phrase. In these materials domain walls are anchored.
This leads to high values of HC. They are used in hysteresis motors

Fine particle alloys:- Elongated single domain particles of ion alloys have
been with high HC which are used in battery powdered unit watch, hearing
aids, space applications.




[image: image33.png]Soft Magnetic materials:-

These materials are characterized by:
BorM
1. Low permanent magnetization
2. Low coercivity
3. Low hysteresis energy loss
4. High permeability and
5. High susceptibility

In these materials domain wall motion occurs very easily.
Consequently, coercive force is small. The area of the
hysteresis loop is small indicating low-energy loss. These
materials can be easily magnetized and demagnetized.
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