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3.3. Microscopic Classification Magnetic Materials 

 3.3.1. Comparison of Dia, Para and Ferromagnetism 

S. No Dia Magnetism Para Magnetism Ferro Magnetism 

1. There is no permanent 

magnetic moment in this 

material 

It has permanent magnetic 

moment 

It has enormous permanent 

magnetic moment 

2. No spin alignment Random alignment 

  
Parallel and Orderly alignment 

  

3. Repulsion of magnetic lines of 

force from center of the 

material. 

 

Attraction of magnetic lines of 

force towards the center. 

 

Heavy attraction of magnetic 

lines of force towards center. 
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3.3.2.Antiferromagnetism 

 The spins are aligned in antiparallel manner due to unfavorable exchange interaction among 

them resulting in zero magnetic moment. Even when the field is increased, it has almost zero 

induced magnetic moment. 

 

 

 

 

FIG 3.3.1 : Allignment Of Magnetic Moment 

Properties 

1. The susceptibility is very small and is positive. It is given by  

      for T>TN Where  TN  is the Neel temperature. 

2. Initially, the susceptibility increases slightly as the temperature increases and beyond a 

particular temperature is known as Neel temperature, the susceptibility decreases with temperature. 

E.g.: Ferrous oxide, manganese oxide, chromium oxide. 

 

4. Permeability  is less than 1 Permeability is greater than 1 Permeability is very much 

greater than 1 

5. Susceptibility is negative Susceptibility is positive and 

low 

Susceptibility is positive and 

high 

6. It is independent of 

Temperature 

It is dependent of Temperature 

 

It is dependent of Temperature 

 

 

7. Below critical temperature, it 

behaves as superconductors. 

Below Curie temperature, it is 

converted into dia magnetic. 

Above Curie temperature, It is 

converted into paramagnetic. 

8. Examples: Au, Ge, Si, Sb, Bi, 

etc. 

Examples: MnSO4, CuSO4, Al, 

etc. 

Examples: Ni, Co, Fe, Steel etc. 
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Fig 3.3.2. Variation of susceptibility with temperature 

3.3.3. Ferrimagnetism and Ferrites 

 It is a special class of magnetic material and it is composed of two sets of different transition 

metal ions having different values of magnetic moment with antiparallel alignment. 

 

  

 

 

   

Hence these materials are have antiparallel magnetic moments of different magnitudes, giving rise 

to a fairly large magnetic moment in the presence of external magnetic field. 

Properties 

1. The susceptibility is very large and is positive represented by,  

                 When T>TN. 

 

2. Beyond the Neel temperature, χ decreases. 

3. These materials have low eddy current losses and low hysteresis losses. 

4. They have hysteresis loop in the form of a square and will have low coercivity. 

 Structure of Ferrites 

 Ferrites are the magnetic compounds consisting of two or more different kind of atoms. 

Generally ferrites are expressed as X
2+

Fe2
3+

O4. Where, X
2+

 stands for suitable divalent metal ion 

such as, Mg
2+

, Zn
2+

, Fe
2+

, Mn
2+ 

etc. 
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Example 

1. If X
2+

 is replaced by Ni
2+

, then the ferrite (Ni
2+

Fe2
3+

O4) is formed, thus named as 

nickel ferrite. 

2. If X
2+

 is replaced by Fe
2+

, then the ferrite (Fe
2+

Fe2
3+

O4) is formed, thus named as 

ferrous ferrite.          

Ferrites formed usually have a face centered cubic structure of ions closely packed together with 

the divalent and trivalent metal ions in the interstitial sites. This structure is called spinal structure. 

There are two types of ferrite structure. 

 Regular spinal structure 

 Inverse spinal structure 

Regular spinal structure 

 In this type each metal ion is surrounded by four O
2-

 ions in a tetragonal fashion. For 

example, if the metal ion is Mg
2+

, then the structure is shown in below figure and it is called 'A' 

site. Totally in a unit cell, there will be 8 tetrahedral sites. 

 

 

 

 

 

 

 

 

     

  

 

Fig 3.3.3.Regular spinal structure 

Each Fe
3+

 is surrounded by six O
2- 

ions and forms an octahedral fashion, which is shown in above 

figure. Totally there will be 16 such octahedral sits in the unit cell. This is indicated by 'B' site. 

 Thus in a regular spinal, each divalent metal ion exist in a tetrahedral form and each 

trivalent metal ion exist in an octahedral fashion. Hence the sites are A and B continue together to 

form a regular spinal ferrite  

Inverse spinal structure 
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 In this, the Fe
3+

 ions occupies all the A sites and half of the B sites also. Thus the left out B 

sites will be occupied by the divalent (Fe
2+

). The inverse spinal structure is shown in given figure. 

 

 

 

 

 

 

 

 

 

Fig 3.3.4.Inverse  spinal structure 

 

Type of interaction present in the ferrites 

 The spin arrangement between the A site and B site is an antiparallel manner and it was 

explained by Neel. According to him, in ferrites, the spin arrangement is antiparallel and there 

exist some interaction between the A site and B sites which is represented as AB interaction 

 The tendency of AB interaction is to align all spins parallel to each other and antiparallel to 

all B spins, but the tendency of AA and BB interaction is to spoil the parallel arrangement of A and 

B spins respectively. 

 Since AB is very strong as compared with AA and BB, the effect of AB interaction 

dominates and gives rise to antiparallel spin alignment. 

 Applications of Ferrites 

 It is used to produce ultrasonic waves by magnetostriction principle 

 It is used in audio and video transformers 

 It is used in radio receivers 

 It is used to amplifier input signals with low noise 

 It is used to as a power limiters 

 It is used in computer and data processing circuit  

 It is used as Gyrators, circulator and Isolator 
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3.4 Types of magnetic materials 

Soft and Hard Magnetic Materials 

 

S.No Soft magnetic materials Hard magnetic materials 

1 They can be easily magnetized and 

demagnetized 

They cannot be easily magnetized and 

demagnetized 

2 They have narrow hysteresis loop They have broad hysteresis loop 

3 Hysteresis loss is small due to small 

hysteresis loop area. 

Hysteresis loss is large due to large 

hysteresis loop area. 

4 Coercivity and retentivity are small. Coercivity and retentivity are large. 

5 They have low eddy current loss They have large eddy current loss 

6 Magnetic energy stored is small. Magnetic energy stored is large. 

7 Susceptibility and permeability are 

large. 

Susceptibility and permeability are 

small. 

8 Movement of domain wall is easy and 

hence large magnetization is 

produced even for small applied field. 

Movement of domain walls is difficult 

due to the presence of impurities. 

Hence large field is required to produce 

required magnetization. 

9 They are free from strains and 

impurities. 

They have impurities and large defects. 

10 E.g. Ferrites, Iron, Garnet, Silicon 

alloys. 

E.g., Tungsten steel, cobalt steel, 

carbon steel. 

11 They are used to make temporary 

magnets. They are also used in 

switching devices, electromagnets, 

matrix storge computers. 

They are used to make permanent 

magnets. These magnets are used in 

magnetic detectors, microphones and 

magnetic separators. 

 

 

 

 

 


