
MAGNETIC CIRCUIT 

A magnetic circuit is made up of one or more closed loop paths containing a magnetic flux. The flux is 

usually generated by permanent magnets or electromagnets and confined to the path by magnetic 

cores consisting of ferromagnetic materials like iron, although there may be air gaps or other materials in 

the path. Magnetic circuits are employed to efficiently channel magnetic fields in many devices such 

as electric motors, generators, transformers, relays, lifting electromagnets, SQUIDs, galvanometers, and 

magnetic recording heads. 

Definitions concerning Magnetic Circuit-  

Magnetic flux- The magnetic lines of force passing through a magnetic circuit is known as magnetic 
flux. It is denoted by a symbol ϕ and given by a formula ϕ = BA, where B is the magnetic flux density 

and A is the area of the cross-section in m2. The unit of magnetic flux is weber. 

Magnetic flux density-It is the amount of magnetic flux per unit area at right angles to the flux. The unit 

of magnetic flux density is weber/m2 and denoted by B. The formula is given by, 

                 

 Magnetomotive force (MMF) 'drives' magnetic flux through magnetic circuits. The term 

'magnetomotive force', though, is a misnomer since it is not a force nor is anything moving. It is perhaps 

better to call it simply MMF. In analogy to the definition of EMF.    It is given by a formula, MMF = NI 

The unit of magneto motive force is the ampere-turn (At), 

Magnetic field intensity-Magnetizing force or Magnetic field intensity or magnetic field strength is the 

MMF required to magnetize a unit length of the magnetic flux path. The unit of magnetic field intensity is 

AT/m and is denoted by H. 

 
Reluctance-It is the opposition that the magnetic circuit offers for the flow of magnetic flux. We can also 
define the reluctance as the ratio of magneto-motive force to the magnetic flux. It is denoted by S and its 

unit is ampere-turns per weber. 

  

 

Permeance- Permeance is the reciprocal of reluctance. The ease with which the flux can pass 

through the material is known as permeance. Weber/AT is the unit of permeance.
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  Permeability-It is the measure of the resistance of a material against the formation of a magnetic field. 

In simple words, the permeability of material means its conductivity for magnetic flux. The reciprocal of 

magnetic permeability is magnetic reluctivity. Greater permeability, greater is its conductivity. 

Magnetic permeability is represented by a greek letter μ. It is given by a formula, 

 
Relative permeability 

It is the ratio of flux density of a magnetic material to the flux density produced in air by the same 
magnetizing force.       The formula for relative permeability is, 

                                                              
μ – absolute permeability of the magnetic material. 

Reluctivity 

The tendency of a magnetic circuit to conduct magnetic flux, equal to the reciprocal of the permeability 

of the circuit. 

Example Of Magnetic Circuit-Consider a solenoid having N turns wound on an iron core. The magnetic 

flux of ø Weber sets up in the core when the current of I ampere is passed through a solenoid. 

 



 

1. Directly proportional to the number of turns (N) and current (I). 

It shows that the flux increase if the number of turns or current increases and decreases when either 

of the two quantity decreases. NI is the magneto motive force (MMF). 

2. Inversely proportional to l/a µ
0
µ

r, where (l/a µ
0
µ

r) is known as reluctance. The lower the reluctance, the 

higher will be the flux and vice- versa. 

 
 

 

 

 

 

 

 

 



 

 

Difference- 

 
 

Series Magnetic Circuit- The Series Magnetic Circuit is defined as the magnetic circuit having a 

number of parts of different dimensions and materials carrying the same magnetic field. Consider 

a circular coil or solenoid having different dimensions as shown in the figure below: 

 

Current I is passed through the solenoid having N number of turns wound on the one section of the 

circular coil. Φ is the flux, set up in the core of the coil. 

a1, a2, a3 are the cross-sectional area of the solenoid.  l1, l2, l3 are the length of the three different coils 

having different dimension joined together in series. µr1, µr2, µr3 are the relative permeability of the 

material of the circular coil. ag and are the area and the length of the air gap.            

 The total reluctance (S) of the magnetic circuit is 



 

Procedure for the Calculation of the total MMF for the Series Magnetic Circuit 

1. The magnetic circuit is divided into a different section or parts. 

2. Now determine the value of the flux density (B) of the different sections. As we know B = φ/a 

where φ is the flux in Weber, and a is the area of cross-section in m2 

3. Determine the value of the magnetising force (H) as we know that H = B/µ0µr where B is the flux 
density in Weber/ m2 and µ0 is absolute permeability and its value is 4πx10

-7
, and µr is the relative 

permeability of the material, and its value will be given. The value of magnetising force (H) as 

H1, H2, H3, Hg will be individually multiplied by the length of the different sections that is, l1, l2, 

l3 and lg respectively. 

4. Finally, add all the values of Hx l and therefore, the total MMF will be 

 
The value of H for the air gap part will always µg = B/µ0. 

Parallel Magnetic Circuit-    A magnetic circuit having two or more than two paths for the magnetic 

flux is called a parallel magnetic circuit. Its behaviour can be compared to the parallel electric circuit. 
The parallel magnetic circuit contains different dimensional areas and materials having various numbers 

of paths. 
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The above figure shows a parallel magnetic circuit. In this circuit, a current-carrying coil is wound on the 
central limb AB. This coil sets up the magnetic flux φ1 in the central limb of the circuit. The flux 

φ1 which is in the upward direction is further divided into two paths namely ADCB and AFEB. The path 

ADCB carries flux φ2, and the path AFEB carries flux φ3. It is clearly seen fro the above circuit that 

φ1 = φ2 + φ3 

The two magnetic paths ADCB and AFEB form the parallel magnetic circuit, thus, the ampere-turns 

(ATs) required for this parallel circuit are equal to the ampere-turns (ATs) required for any one of the 

paths. 

As we know, reluctance is 

 
If S1 = reluctance of path BA will be 

S2 =reluctance of path ADCB will be 

S3 = reluctance of the path AFEB will be 

 
Therefore, the total MMF or the total Ampere turns required in the parallel magnetic circuit will be the 

sum of all the individual parallel paths. 
Total mmf required = mmf required for the path BA +mmf required for the path ADCB + mmf required 

for the path AFEB 

Where φ1. Φ2, φ3 is the flux and S1, S2, S3 are 

the reluctances of the parallel path BA, ADCB and AFEB respectively. 

BASIC LAWS OF ELECTROMAGNETIC INDUCTION- 

The induction of an electromotive force by the motion of a conductor across a magnetic field or by a change 

in magnetic flux in a magnetic field is called ‘Electromagnetic Induction’. 

This either happens when a conductor is set in a moving magnetic field (when utilizing AC power source) – 

Dynamically Induced E.M.F or when a conductor is always moving in a stationary magnetic field- Statically 

Induced E.M.F. 

Faraday’s law of Electromagnetic Induction- 
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 First law:  Whenever a conductor is placed in a varying magnetic field, EMF induces and this emf is 
called an induced emf and if the conductor is a closed circuit than the induced current flows through 

it. 

 Second law: The magnitude of the induced EMF is equal to the rate of change of flux linkages. 

Based on his experiments we now have Faraday’s law of electromagnetic induction according to which the 
amount of voltage induced in a coil is proportional to the number of turns and the changing magnetic field of 

the coil. 

So now, the induced voltage is as follows: 

e = N × dΦ/dt 

where,    e is the induced voltage     N is the number of turns in the coil 

Φ is the magnetic flux            t is the time 

Lenz’s law of Electromagnetic Induction-Lenz law of electromagnetic induction states that, when an 

emf induces according to Faraday’s law, the polarity (direction) of that induced emf is such that it 

opposes the cause of its production. The direction of the induced current may also be found by this law.             

According to Lenz’s law 

E = -N (dΦ/ dt)   (volts) 

Direction of induced e.m.f and currents- 

The direction of induced emf is determined by right hand rule. As per the the rule, if the thumb is pointed in the 

direction of motion of the conductor and the first finger is pointed in the direction of the magnetic field (north to 

south), then the second finger represents the direction of the induced current. 

 
EXAMPLE- 
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