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Cycle of magnetisation: Hysteresis  
In the adjacent figure an experimental M-H curve is plotted where magnetising field H is 

plotted on X axis and intensity of magnetisation is plotted on Y axis. An unmagnetised 

ferromagnetic sample material is taken to start from origin ‘O’As the magnetising field H is 

applied the boundaries of domain walls start shifting and there is an increase in the 

magnetisation ‘M’. As the magnetising field is further increased, the direction of magnetic 

moments of the domains, also start to align along the applied field. Thus results further 

increase in the magnetisation of the material. Finally at a certain value of H there is perfect 

alignment of the atomic dipoles is achieved along the field. This situation is called saturation 

magnetisation which is shown by point ‘S’ in the curve. 
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Now when the magnetising field H is decreased, the magnetisation M is reduced but with a 

different descending path ‘SP’ as compared to ascending path ‘OS’. At P the magnetising 

field H becomes zero but the magnetisation M is non zero but it has value equal to ‘OP’ 

which is called residual magnetisation or remanence or retentivity of the sample. The 

remanence gives the state of permanent magnetisation of a ferromagnetic material. 

Now if the direction of the magnetising field H is reversed and it is gradually increased then 

the magnetisation M, reduces and becomes zero at point Q. The value of the magnetic field 

‘OQ’ in opposite direction to demagnetise the substance is called coercive force or coercivity. 

If we further increase the reverse magnetic field H the magnetisation M achieves the 

saturation point S′. At this point S′ all the atomic dipoles are aligned in the direction of 

magnetising field H, but opposite to the first case at point S. If now we gradually reduce the 

filed H to zero and reverse its direction at point P′ i.e. restore its original direction and 

increase its value up to point S, we trace out a closed loop which is known as hysteresis loop 

or curve. This hysteresis curve is the characteristic of a ferromagnetic substance. It is well 



evident from the curve that the magnetisation ‘M’ become zero at a later part than the 

magnetisation field ‘H’ i.e. the magnetisation M lags behind the magnetising field H. This 

lagging of M behind the magnetising field H is called “Hysteresis” and the cycle of operation 

is called hysteresis cycle. The cause of hysteresis lies in the fact that the domains face 

difficulty in shifting their boundaries. The domains try to stick their original positions due to 

the imperfections of crystals. In some materials this hysteresis is quite large known as hard 

hysteresis and these materials have large coercivity and small retentivity and these materials 

are used to make permanent magnets like ‘steel’. Some materials have small hysteresis and 

called soft hysteresis, these materials have small coercivity but large retentivity and they are 

used to make electromagnets because they can be easily magnetised and demagnetised and 

one good example is ‘soft iron’.  

The best method to demagnetise a magnetised ferromagnetic material is to put in a coil which 

carries alternating current. Now by gradually reducing the current the sample gets 

demagnetised completely. The other method is by heating the sample above Curie 

temperature but is causes change of the ferromagnetic substance into paramagnetic. 

The energy loss per cycle of magnetisation  

We have seen above article that when the magnetising field is made zero the magnetisation is 

not zero and magnetic field has to be applied in opposite direction to make it zero. So in the 

process of hysteresis cycle the energy spent is not totally recovered and energy is lost or 

spent. In the process of magnetisation and demagnetisation the atomic or molecular dipoles 

has to aligned and realigned along the direction of the magnetising field and molecular 

motions is involved which produces heat. 

The energy spent in the cycle of hysteresis of a ferromagnetic substance may be calculated 

taking toroidal solenoid sample as shown in figure 15. It can be magnetised by the 

magnetising field given as; 

         H= jf
s =

NI  

l
 amp-turn/met ................... (1) 

Here ‘N’ is total number of turns in the ring and ‘l’ is the length. We will calculate the 

amount of work done in building up a current ‘I’ in the toroidal coil giving rise to a magnetic 

field ‘B’ in the ring. If ‘A’ is the crossectional area of the ring then total magnetic flux linked 

with ring is given by; 

  ɸ= N B A   ................... (2)  

Now when the current increases then flux also increases giving rise to a back e.m.f. is 

induced in the magnetising coil given by; 

 Ԑ = 
dɸ

dt
=N A 

dB

dt
 ......................... (3)  

The rate of doing work is given by; 
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dB

dt
 ................ (4) 

From eqn. (1) substituting the value of I in eqn. (4) we get; 

 P=N A Ԑ 
H l

N
 
dB

dt
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dB
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 ................ (4) 

Since ‘Al’ the volume of the toroidal coil so rate of doing work per unit volume is given by; 

 
dW

dt
 = P= H  

dB

dt
  

Therefore work ‘dW’ done in a small time interval ‘dt’ will be; 

 dW= H dB ................... (5) 

Now if the magnetisation of the sample completes the B-H cycle then this expression should 

be integrated for a complete loop. Since extra energy is spent in magnetisation than it is 

recovered during demagnetisation of the sample so energy lost per unit volume per cycle is; 

  ∮ dW = ∮ H dB .............. (6) 

This can be shown to be area enclosed by the B-H curve as follows. 

In figure 15 a portion OS represents the portion of a B-H curve of hysteresis cycle. It is clear 

that value of ‘B’ at point ‘b’ of the curve OS is greater a small amount dB as compared to the 

value at point ‘a’.  

 

Figure 15 

For material having large susceptibility χ= 
M

H
 the value of magnetisation M is roughly same at 

both points ‘a’ and ‘b’ but the flux density is slightly different say dB. Therefore for large 

susceptibility the value of magnetising field ‘H’ may be taken same. So the work done in 

moving from point ‘a’ to point ‘b’ will be area of strip ‘abcd’. So the work done in 

magnetising the sample from point ‘O’ to point ‘S’ will be the area ‘OSTO’ which represents 

energy spent per unit volume for the path OS.  

Now if the magnetising field is made gradually to zero at P the magnetising curve is ‘SP’ 

then it can shown that the work done per unit volume or energy restored to the source of 



power is ∫ H dB. During this part of magnetisation SP the energy restored will be area under 

SP i.e. area PSTP.  

Hence the integral of HdB over the path OSP which represents the excess energy spent over 

the energy restored per unit volume of the sample= area OSTO – area PSTP = area OSPO 

which is the area enclosed by curve OSP. If the process of magnetisation follows the 

complete cycle of B-H cycle then the integral over the whole cycle, similarly the area of 

whole hysteresis curve. So the energy lost per unit volume in a cycle of magnetisation will be 

represented by; 

    = ∮ H dB = area of  B-H loop .................... (7) 

If the behaviour of ferromagnetic substance is represented by M-H curve then we have; 

 B=μ0(H+M) 

 dB= μ0(dH+ dM) 

 H dB= μ0HdH+ μ0HdM  

Integrating this eqn. over whole cycle of M-H loop we get; 

 ∮ H dB =μ0 ∮ H dH + μ0 ∮ H dM   

Now since the curve is plotted against H so the integral of first term on RHS will give the 

straight line so its area will be zero. So the energy lost per cycle of magnetisation per unit 

volume of the sample will be; 

 ∮ H dB =μ0 ∮ H dM  = μ0 area of M-H loop  ........... (8) 

This loss of energy is in the form of heat which is less for soft iron and more for steel as is 

evident from their hysteresis curve. That’s why soft iron is preferred for armature core in 

dynamo or core of transformer.  

Magnetic Circuits, Reluctance, Permeance  

When a current in a toroidal solenoid is passed then a magnetic flux is linked with it and a 

magnetic field is produced inside it but outside the ring there is no magnetic field. Similarly 

in a bar magnet or the electromagnet the magnetic lines start from north pole, travel through 

air, reach to south pole and within the magnet they travel from south pole to north pole so the 

magnetic lines of force are closed loops. So magnetic flux in magnetism is analogous to 

electric current in electrostatics which travels in closed loop. Such closed paths are called 

magnetic circuits and signifies the path along with unit north pole is free to travel if free to 

do so. Magnetic analogue to e.m.f. is m.m.f. i.e. magnetomotive force. Since e.m.f. is 

represented as  

 Ԑ =  ∮ E. dl    so in analogy the  

 m.m.f =  ∮ H. dl = N I (from Ampere’s law) ..................(1) 



Since ɸ𝑚 = B A, and B= μ H, so we have H=
B

μ
 = 

ɸ𝑚/𝐴

μ
= 

ɸ𝑚

A μ
 .............. (2) 

from eqn. (2) in (1) m.m.f =  ∮
ɸ𝑚

A μ
. dl = ɸ𝑚 ∮

dl

A μ
  ........ (3)               {since ɸ𝑚 is constant} 

So we have magnetic flux ɸ𝑚= 
m.m.f

∮
dl

A μ
 
 ............... (4) 

This equation (4) is similar to the current equation in electrostatics i.e. I= 
E

R
 ; where R is the 

electrical resistance. So the term “Rm = ∮
dl

A μ
” is equivalent to magnetic resistance and is 

called “Reluctance”. 

For toroidal solenoid ∮ 𝑑𝑙 is = 2πr; so reluctance can be written in simple form as 

 “Rm = ∮
dl

A μ
=

2πr

Aμ
 .......................(5) 

The reciprocal of reluctance is called Permeance which is magnetic conductivity in analogy 

to electrical conductivity is reciprocal of electrical resistance. So Permeance can be written 

as; 

 Pm = 1/ ∮
dl

A μ
=

Aμ

2πr
 ...........................(6) 

 

 

  (Reference Book: Electricity and Magnetism by Ahmad & Lal) 

 

 

 


