
3.4  Iron losses 

Hysteresis loss and eddy current loss consists of iron loss or core loss. 

Hysteresis loss in transformer is ,  

Eddy current loss in transformer is ,   

Where, Kh = Hysteresis constant. Ke = Eddy current constant. Kf = form constant, Bm =  Maximum 

flux density 

 

 

Fig.3.5 

In this above figure (Fig.5) E1 ,E2 , N1 and N2  are the primary induced emf, secondary induced emf, 

primary number of turn and secondary number of turn respectively.    

Eddy currents are currents induced in conductors to oppose the change in flux that generated them. It 

is caused when a conductor is exposed to a changing magnetic field due to relative motion of the field 

source and conductor; or due to field variation with time. This cause  circulation  of current, within 

the body of the conductor. 

Eddy currents can o be minimized by using laminated thin plates  of conductor .  

 

3.5  Hysteresis loss 

 

During each A.C. cycle, current flowing in the forward and reverse directions magnetizes and 

demagnetizes the core alternatively. Energy is lost in each hysteresis cycle within the magnetic core. 

Energy loss is dependent on the properties (e.g. coercively) of particular core material and is 

proportional to the area of the hysteresis loop (B-H curve). 

3.6  Faraday’s law 

 

This law explains the working   principle   of the electrical motors, generators, transformers and 

inductors. According to   Faraday’s law  “magnitude of induced emf  is proportional   rate of change 

of magnetic flux.”   
                           Vind  =  - N  dФ / dt  , where N is number of turn of coil 

 

Magnet and coil are required to perform the Faraday’s law. 

3.7   Lenz's Law 
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Lenz law states that the polarity of the induced emf generated in a coil by a changing magnetic flux is 

such that it produces a current whose magnetic field oppose the cause of its production. 

3.8  Self  Inductance  

The property of self-inductance is a particular form of electromagnetic induction. Self inductance is 

defined as the induction of a voltage in a current-carrying wire when the current in the wire itself is 

changing. This current generates a magnetic flux density  which gives rise to a magnetic flux 

 linking the circuit. We expect the flux  to be directly proportional to the current i. 

Mathematically, 

Ф  ∞ i 

Ф  = L i  , where  is the magnetic flux , i is current and proportionality constant L is  called self 

inductance. 

 Induced emf  (Ɛ) = L di/dt. 

 

 

Fig.3.6 

3.9  Mutual  Inductance  

If two coils of wire are brought into close proximity with each other so the magnetic field from one 

links with the other, a voltage will be generated in the second coil as a result changing flux of first 

coil. This is called mutual inductance. 

 

Fig.3.7 

In this above figure (Fig.7) ip  ,is, Lp  and Ls  are primary current, secondary current ,primary self – 

inductance and secondary self  inductance. 

The time rate of change of magnetic flux Φ 12 in coil 2 is proportional to the time rate of change of the 

current in coil 2. 

N1 dФ12 /dt = M12 d Is /dt 



M12  = 
       

  
 

Similarly,  

M21    = 
       

  
 

M12  =  M21 = M =  mutual inductance 

 

5.10  Energy stored in magnetic field of an inductor  

Energy stored =   E =     
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   , where P is the power. 

Energy density = energy per unit volume =   

 

 
       

   
  , where A is the area of the conductor and    is 

the length of the conductor. 

 

Fig.3.8 

Energy stored in a magnetic field,  E =  B
2
 / 2µ0  , where B is magnetic flux density  and µ0 is 

permeability of the medium. 

 


