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INTRODUCTION 

• Magnetic materials are those materials in which 
a state of magnetization can be induced. 

• Such materials when magnetized create a 
magnetic field in the surrounding space. 

• Magnetic materials are widely used in 
computers, telephones, tape recorders, electrical 
meters, transformers, motors, nuclear magnetic 
resonance equipments, particle accelerators etc. 
These devices are very important in our modern 
life. 



Terms connected with 
magnetic 

materials 
 

• Magnetic flux 

• Magnetic flux density 

• Intensity of magnetisation 

• Magnetic field strength 

• Magnetic Permeability 

• Relative Permeability 

• Magnetic Susceptibility 



Magnetic flux (φ): 
• Total number of magnetic lines of force passing 

through a surface is known magnetic flux. 

• It is represented by the symbol φ and its unit is weber 
(Wb) 

Magnetic flux density (B): 
• Magnetic flux density at any point in a magnetic flux φ 

passing normally through unit area of cross section (A) at 

that 

point. B = φ /A 

Intensity of magnetisation (I): 
• The intensity of magnetisation is the measure of 

magnetisation of magnetised specimen. 

I = M/V 



Magnetic field strength(H) 
 

• Magnetic field strength at any point in a 
magnetic field is the force experienced by 
a unit north pole placed at that point. 

 



Magnetic Permeability (µ): 

Magnetic Permeability of a substance 
measures degree to which the magnetic field 
can penetrate through the substance. 

µ = B/H 

Relative Permeability (µr) of a medium is the 
ratio between absolute permeability of a 
medium to permeability of a free space. 

µr = µ / µ0 



Magnetic Susceptibility (χ) : 

• Magnetic Susceptibility(χ) is the intensity of 
magnetisation in the substance per unit magnetic 
field strength. 

χ = I/H 

 
Relation between Relative Permeability and
 Magnetic Susceptibility : 

Magnetic induction, B = µ0  (H+M) 

µ0 = B/H+M 

Relative Permeability, µr = µ / µ0 = 1+ M/H 

µr = 1+ χ 



Types of Magnetic Materials 
 

• Diamagnetic 

• Paramagnetic 

• Ferromagnetic 

• Antiferromagnetic 



Diamagneti
c 

 
 
 
 



 

The examples are bismuth silver, copper 
and hydrogen. 
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Properties of Diamagnetic 
Materials 

 
 



Paramagnetic 
 
 
 

 



Properties of Paramagnetic 
Materials 

 
 
 
 
 



Ferromagnetic 
 



Properties of Ferromagnetic 
Materials 

 
 
 
 
 
 



Antiferromagnetic 

• In Antiferromagnetic materials, 
the magnetic moments of atoms 
or molecules, usually related to 
the spins of electrons, align in a 
regular pattern with neighboring 
spins pointing in opposite 
directions. This is, like 
ferromagnetism and 
ferrimagnetism, a manifestation 
of ordered magnetism. 

• Generally, antiferromagnetic 
order may exist at sufficiently 
low temperatures. 



Properties of 
Antiferromagnetic 

Materials 

• The antiferromagnetism will not produce 
any magnetisation because of the two 
opposing spin components. 

• When external field is applied, the net 
magnetisation will be different of zero due 
to that the maximum spin are in the same 
direction. 

• Examples of antiferromagnetic materials 
are MnO, FeO, MnF2 



Comparative study 
 

 



Langevin’s Theory of 
Diamagnetism 

 
 
 

 



Diamagnetic 
susceptibility 

 

 
Χ = M/H = -Nµ0Ze2/6m <r2> 

 
This show that the diamagnetic 
susceptibility is independent of 
temperature. 



Langevin’s Theory of 
Paramagnetism 

 
 
 



Paramagnetic 
susceptibility 

 
χ =µ0M /B = -µ0Nµ2/3kT 

This shows that the paramagnetic 
susceptibility is inversely proportional to 
temperature. 



 
 

Magnetic Materials 
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Weiss Theory of 



Paramagnetism 



 



Weiss Theory of 
Ferromagnetism 

 



 



 



 



 



 



Quantum Theory of 
Ferromagnetism 

 
 



Exchange Interaction 
 
 
 
 



Consider two elecaons in an atom: 

Hamiltonian: 

 
 
 
 

 

SF, = 
— 2m

g 

A — 
4axgr 

 
 
 
 
 

 

' 2m, 4en r 
 
 
 
 
 

 

"y " 

r 
l2 

Z
é 



Using one electron approximation 
 
 

singlet 
 

 

 
triplet 

 
 
 
 
 
 
 

 

are normalized spatial one-electron wavefunctions 



Relative orientation of two 
spins 

determines the energy 

states 



 



Ferrites 
or 

Ferrimagnetic 
Materials 

• Ferrites are ceramic compounds 
consisting of a mixed oxide of iron and 
one or more other metals which has 
ferrimagnetic properties and is used in 
high-frequency electrical components 
such as aerials. 



Classification of 
Ferrites 

 
 



Properties of ferrimagnetic 
materials 

 
• Ferrimagnetic materials have a large,  

positive susceptibility to an external magnetic 
field. 

• They exhibit a strong attraction to magnetic 
fields and are able to retain their magnetic 
properties after the external field has been 
removed. 

• They have high magnetic permeability 
coupled with low electrical conductivity 
(which helps prevent eddy currents). 

• Above Curie temperature ferrimagnetic 
material becomes paramagnetic while below 



it behaves as ferrimagnetic material. 



Uses of Ferrites 
 
 



Superconductors 
 



 
 

Discoverer of supercondunivity 
 
 
 
 
 

 
 
 
 
 

 



Critical Temperature 
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General properties of 
Super conductors 

 



• Isotope effect: The critical or eansitlon temperature Tc value 

of a superconductors is found to vary wit its isotopic mass. 

i,e. "the transition temperature is inversely  pmportional  tO 

féc squaee eoot oj£f. ofopic rna.ss ofsingle supeiz:onductoes, ” 
 
 

 
 
 

• Magnetic field effect: If Soong magnetic field applied to a 

superconductors below ie T , ie superconductors 

undergoes a Oansition horn superconducting stare io 
nomial 

 



Meissner Effect 
 



Types of 
Superconductors 



 



Types of Superconductos 
 
 
 



High Tc Superconductors 
 



Applications 
 
 



SQUIDS 
 



 

• Powerful superconducting eleceomagnet s used 

in maglev oains, MagnWlC Resonance ImaQlllQ 

@RI) and Nuclear magnehc resonance (NMR) 

macEnes, magnetic conflnem ent k sion reactors 

(e.g. tokomaks), and ie beam-

sieering and focusing magnes used in 

particle accelerators. 

• Superconduttlng generators has 4e beneflt Of small 

size and low crier i ‹ consumption than 4e conventional 

generators. 

• Very fasi aid accurate computers car be constructed 

using supercond uctors and ae p›wer 
consum tlon is also very low. 
Superconductors can be used to transmit 
electrical power over very long distances without 



any power or any voltage Aop 



Examples 
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