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Abstract 
In this work we summarized the all the concepts of magnetism and its classes. The 
origin, construction, and the application. 
 
Introduction 
The origin of magnetism lies in the orbital and spin motions of electrons and how the 
electrons interact with one another. The best way to introduce the different types of 
magnetism is to describe how materials respond to magnetic fields. This may be 
surprising to some, but all matter is magnetic. It's just that some materials are much 
more magnetic than others. The main distinction is that in some materials there is no 
collective interaction of atomic magnetic moments, whereas in other materials there is 
a very strong interaction between atomic moments .The magnetic behavior of 
materials can be classified into the following five major groups [1,2]: 

1. Diamagnetism 
2.  Paramagnetism 
3. Ferromagnetism 
4. Antiferromagnetism  
5. Ferrimagnetisms 

Materials in the first two groups are those that exhibit no collective magnetic 
interactions and are not magnetically ordered. Materials in the last three groups 
exhibit long-range magnetic order below a certain critical temperature. Ferromagnetic 
and ferromagnetic materials are usually what we consider as being magnetic (i.e., 
behaving like iron). The remaining three are so weakly magnetic that they are usually 
thought of as "nonmagnetic". 
 
Origin of Magnetism 
One of the fundamental properties of an electron (besides that it carries charge) is that 
it has a magnetic dipole moment, i.e., it behaves like a tiny magnet, producing a 
magnetic field. This dipole moment comes from the more fundamental property of the 
electron that it has quantum mechanical spin. Due to its quantum nature, the spin of 
the electron can be in one of only two states; with the magnetic field either pointing 
"up" or "down" (for any choice of up and down). The spin of the electrons in atoms is 
the main source of ferromagnetism, although there is also a contribution from the 
orbital angular of the electron about the nucleus. When these magnetic dipoles in a 
piece of matter are aligned, (point in the same direction) their individually tiny 
magnetic fields add together to create a much larger macroscopic field. However, 
materials made of atoms with filled electron shells have a total dipole moment of 
zero, because the electrons all exist in pairs with opposite spin, every electron's 
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magnetic moment is cancelled by the opposite moment of the second electron in the 
pair. Only atoms with partially filled shells (i.e., unpaired spins) can have a net 
magnetic moment, so ferromagnetism only occurs in materials with partially filled 
shells. Because of Hund's rules, the first few electrons in a shell tend to have the same 
spin, thereby increasing the total dipole moment. These unpaired dipoles (often called 
simply "spins" even though they also generally include orbital angular momentum) 
tend to align in parallel to an external magnetic field, an effect called Paramagnetism. 
Ferromagnetism involves an additional phenomenon, however: in a few substances 
the dipoles tend to align spontaneously, giving rise to a spontaneous magnetization, 
even when there is no applied field [3].  
 
Diamagnetism 
Diamagnetism is a property of all materials, and always makes a weak contribution to 
the material's response to a magnetic field. However, other forms of magnetism (such 
as ferromagnetism or Paramagnetism) are so much stronger that when multiple 
different forms of magnetism are present in a material, the diamagnetic contribution is 
usually negligible. Substances where the diamagnetic behavior is the strongest effect 
are termed diamagnetic materials, or diamagnet. Diamagnetic materials are those that 
laypeople generally think of as non-magnetic, and include water, wood, most organic 
compounds such as petroleum and some plastics, and many metals including copper, 
particularly the heavy ones with many core electrons, such as mercury, gold and 
bismuth. The magnetic susceptibility values of various molecular fragments are called 
Pascal's constants. Diamagnetic materials, like water, or water-based materials, have a 
relative magnetic permeability that is less than or equal to 1, and therefore a magnetic 
susceptibility less than or equal to 0, since susceptibility is defined as χv = μv − 1. This 
means that diamagnetic materials are repelled by magnetic fields. However, since 
diamagnetism is such a weak property, its effects are not observable in everyday life. 
For example, the magnetic susceptibility of diamagnet such as water is  
χv = −9.05×10−6. The most strongly diamagnetic material is bismuth,  
χv = −1.66×10−4, although paralytics carbon may have a susceptibility of  
χv = −4.00×10−4 in one plane. Nevertheless, these values are orders of magnitude 
smaller than the magnetism exhibited by paramagnets and Ferromagnets. Note that 
because χv is derived from the ratio of the internal magnetic field to the applied fie ld, 
it is a dimensionless value. All conductors exhibit an effective diamagnetism when 
they experience a changing magnetic field. The Lorentz force on electrons causes 
them to circulate around forming eddy currents. The eddy currents then produce an 
induced magnetic field opposite the applied field, resisting the conductor's motion .In 
rare cases; the diamagnetic contribution can be stronger than paramagnetic 
contribution. As is the case for gold, which has a magnetic susceptibility less than 0, 
so is by definition a diamagnetic material, but when measured carefully with X-ray 
magnetic circular dichroism, shows an extremely weak paramagnetic contribution that 
is overcome by a stronger diamagnetic contribution [4]. 
 
Demonstrations 
Curving water surfaces 
If a powerful magnet (such as a super magnet) is covered with a layer of water (that is 
thin compared to the diameter of the magnet) then the field of the magnet significantly 
repels the water. This causes a slight dimple in the water's surface that may be seen by 
its reflection [5]. 
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 Longevin Diamagnetism 
Paul Langevin's theory of diamagnetism (1905) [23] applies to materials containing 

atoms with closed shells. A field with intensity B, applied to an electron with charge e 
and mass m, gives rise to Larmor precession with frequency  
ω = eB / 2m. The number of revolutions per unit time is ω / 2π, so the current for an 
atom with Z electrons is (in SI units) [6]. 

I = −Ze2B
4πm

                           (1) 

The magnetic moment of a current loop is equal to the current times the area of the 
loop. Suppose the field is aligned with the z axis. The average loop area can be given 
asπ〈ρ2〉, where 〈ρ2〉is the mean square distance of the electrons perpendicular to the z 
axis. The magnetic moment is  

Therefore  

µ = − Ze2B
4m

〈ρ2〉   (2) 
If the distribution of charge is spherically symmetric, we can suppose that the 
distribution of x,y,z coordinates are independent and identically distributed. 
Then〈x2〉 = 〈y2〉 = 〈z2〉 = 1/3〈𝑟2〉, where 〈r2〉is the mean square distance of the 
electrons from the nucleus. Therefore〈ρ2〉 = 〈x2〉 + 〈y2〉 = 2

3
〈r2〉. If ηis the number of 

atoms per unit volume, the volume diamagnetic susceptibility in SI units is  

χ = µ0ηµ

B
= −  µoe

2zη
 6m

〈r2〉          (3) 

 
Application 
Because diamagnetism is essentially the expelling of magnetic fields within a 
material, strong diamagnetic materials can be levitated, or if they are sufficiently 
strong and enough area, can levitate magnets.  The diamagnetic response leaves no 
internal magnetic field. These materials can be easily levitated in the presence of a 
strong permanent magnet. However, high temperature superconductors (~100 K are 
made from exotic materials with expensive processing routes and require cryogenic 
fluids to accomplish the superconducting state [7] 
 
Paramagnetism 
Relation to electron spins 
Constituent atoms or molecules of paramagnetic materials have permanent magnetic 
moments (dipoles), even in the absence of an applied field. The permanent moment 
generally is due to the spin of unpaired electrons in atomic or molecular electron 
orbitals (see Magnetic moment). In pure Paramagnetism, the dipoles do not interact 
with one another and are randomly oriented in the absence of an external field due to 
thermal agitation, resulting in zero net magnetic moment. When a magnetic field is 
applied, the dipoles will tend to align with the applied field, resulting in a net 
magnetic moment in the direction of the applied field. In the classical description, this 
alignment can be understood to occur due to a torque being provided on the magnetic 
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moments by an applied field, which tries to align the dipoles parallel to the applied 
field. However, the true origins of the alignment can only be understood via the 
quantum-mechanical properties of spin and angular momentum. If there is sufficient 
energy exchange between neighboring dipoles, they will interact, and may 
spontaneously align or anti-align and form magnetic domains, resulting in 
ferromagnetism (permanent magnets) or Antiferromagnetism, respectively. 
Paramagnetic behavior can also be observed in ferromagnetic materials that are above 
their Curie temperature, and in Antiferromagnetism above their Néel temperature. At 
these temperatures, the available thermal energy simply overcomes the interaction 
energy between the spins. In general, paramagnetic effects are quite small: the 
magnetic susceptibility is of the order of 10−3 to 10−5 for most paramagnets, but may 
be as high as 10−1 for synthetic paramagnets such as Ferro fluids [8]. 
 
Pauli Paramagnetism 
For some alkali metals and noble metals, conductions electrons are weakly interacting 
and delocalized in space forming a Fermi gas. For these materials one contribution to 
the magnetic response comes from the interaction between the electron spins and the 
magnetic field known as Pauli Paramagnetism. For a small magnetic field Η, the 
additional energy per electron from the interaction between an electron spin and the 
magnetic field is given by [9]: 

∆Ε = −µ0Η ,µe≠µ0H. �− ge μB
h′

 S� = ±μ0μBH  (4) 

where μ0is the vacuum permeability, μeis the electron magnetic moment, µB is 
the Bohr magneton, h is the reduced Planck constant, and the g-factor cancels with the 
spin S=± h′/2. The  ± indicates that the sign is positive (negative) when the electron 
spin component in the direction ofΗis parallel (antiparallel) to the magnetic field. For 
low temperatures with respect to the Fermi temperature(around 104kelvins for 
metals), the number density of electrons η↑(η↓) pointing parallel (antiparallel) to the 
magnetic field can be written as: 

η↑≈ ηe
2
− μ0μB

2
 g(Ef)H; �η↓≈ ηe

2
+ μ0μB

2
 g(Ef)H�    (5) 

with ηe the total free-electrons density and g(Ef) the electronic density of states 
(number of states per energy per volume) at the Fermi energy. In this approximation 
the magnetization is given as the magnetic moment of one electron times the 
difference in densities:  

M =  µB�η↓ − η↑� = µ0µ
2

B g(Ef )H   (6) 

Which yields a positive paramagnetic susceptibility independent of temperature:  

χp  = µ0µ
2
B g(Ef)          (7) 

The Pauli paramagnetic susceptibility is a macroscopic effect and has to be contrasted 
with Landau diamagnetic susceptibility which is equal to minus one third of Pauli's 
and also comes from delocalized electrons. The Pauli susceptibility comes from the 
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spin interaction with the magnetic field while the Landau susceptibility comes from 
the spatial motion of the electrons and it is independent of the spin. In doped 
semiconductors the ratio between Landau's and Pauli's susceptibilities changes as the 
effective mass of the charge carrier's m* can differ from the electron mass me. The 
magnetic response calculated for a gas of electrons is not the full picture as the 
magnetic susceptibility coming from the ions has to be included. Additionally, these 
formulas may break down for confined systems that differ from the bulk, like 
quantum dots, or for high fields, as demonstrated in the de Haas-van Alphen effect. 
Pauli Paramagnetism is named after the physicist Wolfgang Pauli. Before Pauli's 
theory, the lack of a strong Curie Paramagnetism in metals was an open problem as 
the leading model could not account for this contribution without the use of quantum 
statistics [10].  

Application  
Paramagnetism is a form of magnetism whereby the paramagnetic material is only 
attracted when in the presence of an externally applied magnetic field. Paramagnetic 
materials have a relative magnetic permeability greater or equal to unity (i.e., a 
positive magnetic susceptibility) and hence are attracted to magnetic fields. The 
magnetic moment induced by the applied field is linear in the field strength; it is also 
rather weak. Constituent atoms or molecules of paramagnetic materials have 
permanent magnetic moments (dipoles), even in the absence of an applied field. 
Generally, the permanent moment is caused by the spin of unpaired electrons in 
atomic or molecular electron orbitals. In pure Paramagnetism, the dipoles do not 
interact with each other and are randomly oriented in the absence of an external field 
due to thermal agitation; this results in a zero net magnetic moment. When a magnetic 
field is applied, the dipoles will tend to align with the applied field, resulting in a net 
magnetic moment in the direction of the applied field.  
Paramagnetic materials have a small, positive susceptibility to magnetic fields. These 
materials are slightly attracted by a magnetic field and the material does not retain the 
magnetic properties when the external field is removed, as illustrated in. Paramagnetic 
properties are due to the presence of some unpaired electrons, and from the 
realignment of the electron paths caused by the external magnetic field. Paramagnetic 
materials include magnesium, molybdenum, lithium and tantalum. Unlike 
Ferromagnets, paramagnets do not retain any magnetization in the absence of an 
externally applied magnetic field, because thermal motion randomizes the spin 
orientations responsible for magnetism. Some paramagnetic materials retain spin 
disorder at absolute zero (meaning they are paramagnetic in the ground state). Thus 
the total magnetization drops to zero when the applied field is removed. Even in the 
presence of the field there is only a small induced magnetization because only a small 
fraction of the spins will be oriented by the field [11]. 

 
Ferromagnetism 
Ferromagnetism is a property not just of the chemical make-up of a material, but of its 
crystalline structure and microstructure. There are ferromagnetic metal alloys whose 
constituents are not themselves ferromagnetic, called Heusler alloys, named after Fritz 
Heusler. Conversely there are non-magnetic alloys, such as types of stainless steel, 
composed almost exclusively of ferromagnetic metals. Amorphous (non-crystalline) 
ferromagnetic metallic alloys can be made by very rapid quenching (cooling) of a 
liquid alloy. These have the advantage that their properties are nearly isotropic (not 
aligned along a crystal axis); this results in low coercivity, low hysteresis loss, high 
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permeability, and high electrical resistivity. One such typical material is a transition 
metal-metalloid alloy, made from about 80% transition metal (usually Fe, Co, or Ni) 
and a metalloid component (B, C, Si, P, or Al) that lowers the melting point. A 
relatively new class of exceptionally strong ferromagnetic materials is the rare-earth 
magnets. They contain lanthanide elements that are known for their ability to carry 
large magnetic moments in well-localized f-orbitals. Most ferromagnetic materials are 
metals, since the conducting electrons are often responsible for mediating the 
ferromagnetic interactions. It is therefore a challenge to develop ferromagnetic 
insulators, especially multi-ferric materials, which are both ferromagnetic and 
ferroelectric [12]. 

Application 
The most common ferromagnetic materials are cobalt, iron, nickel, along with 
Lodestone a naturally magnetized mineral and other rare earth metal compounds. A 
common usage of ferromagnetic materials affecting our everyday lives is through 
magnetic storage in the form of data. Otherwise considered non-volatile storage since 
data cannot be lost when the device it is not powered. An advantage of this storage 
method is that it is one of the cheaper forms of storing data, as well as having the 
ability to be re-used. This is all possible because of Hysteresis. Once ferromagnetic 
materials are magnetized toward a specific direction it loses the ability to lose its 
magnetization (Hysteresis).  Meaning it will not be able to go back to its original state 
without any magnetization. But another opposite magnetic field can be applied which 
would result in the creation of a hysteresis loop. This ultimately is the unique effect 
that allows these materials to retain data, after the magnetizing field is dropped to zero 
[13].       

Antiferromagnetism  
Antiferromagnetic materials occur commonly among transition metal compounds, 
especially oxides. Examples include hematite, metals such as chromium, alloys such 
as iron manganese (FeMn), and oxides such as nickel oxide (NiO). There are also 
numerous examples among high nuclearity metal clusters. Organic molecules can also 
exhibit Antiferromagnetic coupling under rare circumstances, as seen in radicals such 
as 5-dehydro-m-xylylene. Antiferromagnetism can couple to Ferromagnets, for 
instance, through a mechanism known as exchange bias, in which the ferromagnetic 
film is either grown upon the Antiferromagnetic or annealed in an aligning magnetic 
field, causing the surface atoms of the Ferromagnets to align with the surface atoms of 
the Antiferromagnetic. This provides the ability to "pin" the orientation of a 
ferromagnetic film, which provides one of the main uses in so-called spin valves, 
which are the basis of magnetic sensors including modern hard drive read heads. The 
temperature at or above which an Antiferromagnetic layer loses its ability to "pin" the 
magnetization direction of an adjacent ferromagnetic layer is called the blocking 
temperature of that layer and is usually lower than the Néel temperature[14].  

Application 
Antiferromagnetism are very interesting in nature but do not have a wide range of 
applications as other magnetic materials do.  This is due to their lack of spontaneous 
magnetization.  However because their structural magnetization is closely related to 
Ferrimagnets they can be used along with Ferromagnets to test theoretical models 
used to explain Ferrimagnetism.  The lack an overall magnetic moment which makes 
them suitable for providing magnetic reference points in magnetic sensors since the 
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structure of Antiferromagnetism is not sensitive to external fields. A growing theory 
and source of research on Antiferromagnetism is their contribution to 
superconductivity.  There are materials that exhibit Antiferromagnetic and 
ferromagnetic transition states.  Their corresponding structural and magnetic 
properties transition resemble that of a metal-insulator transition and as a result there 
is a large change in conductivity with an applied field.  Since most nonmetallic 
superconductors have Antiferromagnetic phase, research continues to test 
Antiferromagnetism for sought after superconducting properties [15]. 

 

Ferrimagnetism 
Unlike ferromagnetic materials, which are typically metals, ferrimagnetic materials 
are ceramics, in particular, ceramic oxides. The most widely used Ferrimagnets in 
technological devices are materials known as ferrites. Ferrites are electrically 
insulating  transitional-metal oxides with the general chemical formula MO·Fe2·O3, 
where M is a divalent ion such as Mn2+, Fe2+, Co2+, or Ni2+. Ferrites are often 
prepared by standard ceramic processing techniques. In the case of NiO.Fe2·O3 
powders of NiO and Fe2O3 are mixed together and pressed into the desired shape 
before sintering (firing) at high temperature to form a dense ceramic of the desired 
composition. This method provides a reliable way of forming a wide variety of shapes 
and sizes of ferrimagnetic materials for embedding into technological devices [16].  

Properties 
Ferrimagnetic materials have high resistivity and have anisotropic properties. The 
anisotropy is actually induced by an external applied field. When this applied field 
aligns with the magnetic dipoles, it causes a net magnetic dipole moment and causes 
the magnetic dipoles to process at a frequency controlled by the applied field, called 
Larmor or precession frequency. As a particular example, a microwave signal 
circularly polarized in the same direction as this precession strongly interacts with the 
magnetic dipole moments; when it is polarized in the opposite direction, the 
interaction is very low. When the interaction is strong, the microwave signal can pass 
through the material. This directional property is used in the construction of 
microwave devices like isolators, circulators and gyrators. Ferrimagnetic materials are 
also used to produce optical isolators and circulators. Ferrimagnetic minerals in 
various rock types are used to study ancient geomagnetic properties of Earth and other 
planets. That field of study is known as pale magnetism [17].  

Application  
Ferrites have following application: 

• Ferrites have importance in engineering and technology because they possess 
spontaneous magnetic moment below the Curie temperature just as iron, 
cobalt, nickel. 

• Due to very low eddy current losses, ferrites are used as a core of coils in 
microwave frequency devices and computer memory core elements. 

• Due to relatively low permeability and flux density compared to iron, ferrites 
are not suitable for the use in high field and high power applications, such as 
motors, generators and power transformers, but they can be used in low field 
and low power applications. 

• Ferrites are used as ferromagnetic insulators in electrical circuits. 
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• Ferrites like ZnO find low frequency applications in timers. They are also used 
as switches in refrigerators, air conditioners, etc. 

• Ferrites are used as magnetic head transducer in recording [18]. 
 

Conclusion  
Magnetism and its classes is a class of physical phenomena that are mediated by 
magnetic fields. Electric currents and the magnetic moments of elementary particles 
give rise to a magnetic field, which acts on other currents and magnetic moments. The 
most familiar effects occur in ferromagnetic materials, which are strongly attracted by 
magnetic fields and can be magnetized to become permanent magnets, producing 
magnetic fields themselves. Only a few substances are ferromagnetic; the most 
common ones are iron, nickel and cobalt and their alloys such as steel. Although 
ferromagnetism is responsible for most of the effects of magnetism encountered in 
everyday life, all other materials are influenced to some extent by a magnetic field, by 
several other types of magnetism. Paramagnetic substances such as aluminum and 
oxygen are weakly attracted to an applied magnetic field; diamagnetic substances 
such as copper and carbon are weakly repelled; while Antiferromagnetic materials 
such as chromium and spin glasses have a more complex relationship with a magnetic 
field. The force of a magnet on paramagnetic, diamagnetic, and Antiferromagnetic 
materials is usually too weak to be felt, and can be detected only by laboratory 
instruments, so in everyday life these substances are often described as non-magnetic. 
The magnetic state (or magnetic phase) of a material depends on temperature and 
other variables such as pressure and the applied magnetic field. A material may 
exhibit more than one form of magnetism as these variables change. As with 
magnetizing a magnet, demagnetizing a magnet is also possible. 
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