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Introduction
Electromagnetism is a fundamental aspect of physics that has significant applications in various fields, including electrical and mechanical engineering. Self and mutual inductance are two essential concepts in electromagnetism that play a vital role in the design and operation of devices such as transformers, motors, and generators. This paper provides an overview of self and mutual inductance, their significance, and applications in various fields. It explores the relationship between magnetic fields and electric currents and the impact on voltage and current in different circuits. Additionally, the paper describes the working principle of transformers and how self and mutual inductance affect their efficiency. Overall, this paper provides a comprehensive understanding of self and mutual inductance and highlights their indispensable role in modern technology






















CHAPTER EIGHT:
Electromagnetism

1.Concepts of Magnetism 
1.1 Magnetic field and the lines of force
Magnetic lines of force are imaginary lines that represent the direction of the magnetic field as we move from one pole to the other. The magnetic lines of force can be compared to rubber bands in that they contract when the magnetic force is removed and expand when the magnetic force is increased.
Magnetic phenomenon was first observed at least 2500 years ago in fragments of magnetized iron ore found near the ancient city of Magnesia (now Manisha, in western Turkey). These fragments were called loadstones or leading stone were examples of what are now called permanent magnets.Magnetic field is a region around a magnet or a current carrying conductor where magnetic force is detected. Like electric field, magnetic field is a vector field associated with each point in space. We will use a symbol B ⃗ for magnetic field strength. The magnetic field strength vector B ⃗ is also known as magnetic field induction or magnetic field intensity or magnetic flux density. The SI unit of magnetic field induction is the Tesla (T). Other small non SI unit of B is the Gauss (G), such that 1G= 10-4T.

Electric and magnetic fields are interrelated; one might be the source of the other. The nature of magnetic interactions can be expressed in the following statements:
 o A moving charge or a current creates a magnetic field in the surrounding space. 
o A magnetic field exerts a magnetic force on any moving charge or currents that is placed in the field. 
o A time-varying magnetic field is capable of generating an electric current. Electric field ->magnetic field  this works in the opposite direction too.
 o The tangent to the line of induction at any point gives the direction of B at that point. 
o The lines of induction are drawn so that the number of lines per unit cross sectional area is proportional to the magnitude of the magnetic field vector B ⃗.
1.2 Properties of magnetic poles and field lines
A. Magnetic field lines are continuous in nature.
B. Magnetic poles are dipole in nature.
C. magnetic poles always occur in pairs.
D. It is practically impossible to separate the two North and South Poles of a magnet.
E. The concentration of the magnetic field lines force at a point shows the relative strength of the field.
F. magnetic lines form a closed loop.In other words, magnetic field lines have no starting and ending points.
When a bar magnet is broken in half two new opposite poles appear at the breaking point. Each half is then will have both N-pole and S-pole, even if the pieces are different sizes, just like any other bar magnet. The smaller the piece is the weaker its magnetism.
1.3 Self-inductance
We do not necessarily need two circuits in order to have inductive effects. Consider a single conducting circuit around which a current [image: IMG_256] is flowing. This current generates a magnetic field [image: IMG_257] which gives rise to a magnetic flux [image: IMG_258] linking the circuit. We expect the flux [image: IMG_259] to be directly proportional to the current [image: IMG_260], given the linear nature of the laws of magnetostatics, and the definition of magnetic flux. Thus, we can write
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where the constant of proportionality  is called the self inductance of the circuit. Like mutual inductance, the self inductance of a circuit is measured in units of henries, and is a purely geometric quantity, depending only on the shape of the circuit and number of turns in the circuit.
If the current flowing around the circuit changes by an amount [image: IMG_256] in a time interval [image: IMG_257] then the magnetic flux linking the circuit changes by an amount [image: IMG_258] in the same time interval. According to Faraday's law, an emf
	[image: IMG_259]
	(242)



is generated around the circuit. Since [image: IMG_260], this emf can also be written
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Self-inductance is the tendency of a coil to resist changes in current in itself. Whenever current changes through a coil, they induce an EMF, which is proportional to the rate of change of current through the coil
Self-inductance of a coil is a measure of the change in flux linking a coil due to a change in current through the coil; that is,
L=Ndi/di  
Self Inductance can also be described as the measure opposition that an inductor exhibits to the change of current flowing through itself, measured in henrys (H).
The opposition in the form of an induced voltage across the inductor is directly proportional to the time rate of change of the current.
1.4 Mutual inductance
When two inductors (or coils) are in a close proximity to each other, the magnetic flux caused by current in one coil links with the other coil, thereby inducing voltage in the latter. This phenomenon is known as mutual inductance.
Let us first consider a single inductor, a coil with N turns. When current i flows through the coil, a magnetic flux φ is produced around it. According to Faraday’s law, the voltage v induced in the coil is proportional to the number of turns N and the time rate of change of the magnetic flux φ; that is,
[image: ]
Figure 2: Magnetic flux produced by a single coil with N turns.
v=Ndϕ/dt
But the flux φ is produced by current i so that any change in φ is caused by a change in the current. 
Thus, v=Ndϕ/didi/dt=Ldϕ/dt
Now consider two coils with self-inductances L1 and L2 that are in close proximity with each other.
Coil 1 has N1 turns, while coil 2 has N2 turns.
 For the sake of simplicity, assume that the second inductor carries no current.
The magnetic flux φ1 coming from coil 1 has two components: one component φ11 links only coil 1, and another component φ12 links both coils. 

[image: ]
Figure 3: Mutual inductance M21 of coil 2 with respect to coil 1.
Hence,   φ1 = φ11 + φ12
Since the entire flux φ1 links coil 1, the voltage induced in coil 1 is 
[image: ]
Only flux φ12 links coil 2, so the voltage induced in coil 2 is[image: ]

Rearranging the above equation, we have
v2=(N2dϕ12/di1)(di1/dt)=M12(di1/dt)
Where,       M12=N2dϕ12/di1
M21 is known as the mutual inductance of coil 2 with respect to coil 1.
Rearranging the above equation, we have
v2=(N2dϕ12/di1)(di1/dt)=M12(di1/dt)
Where,       M12=N2dϕ12/di1
M21 is known as the mutual inductance of coil 2 with respect to coil 1.
Similarly, suppose we now let current i2 flow in coil 2, while coil 1 carries no current. 
The magnetic flux φ2 emanating from coil 2 comprises flux φ22 that links only coil 2 and flux φ21 that links both coils.
v1=(N1dϕ21/di2)(di2/dt)=M12(di2/dt)
Where,	M12=N1dϕ21/di2
Which is the mutual inductance of coil 1 with respect to coil 2. 
Thus, the open-circuit mutual voltage across coil 1 is
v1=M12(di2/dt)
If all of the flux linking the primary links the secondary, then ϕ1 = ϕ2
v2=N1(dϕ1/dt)
The mutual inductance between the two coils of the above figure is determined by
M=N1dϕ2/di2                                         M=N2dϕ1/di1
1.5 ENERGY IN A COUPLED CIRCUIT

In a coupled circuit, energy can move between the two circuits through the mutual inductance. This mutual inductance is generated by the magnetic field created by the current flow in one circuit, which in turn induces a voltage in the other circuit. In this paper, we will discuss the electromagnetic energy transfer that occurs between the two circuits in a coupled circuit.

Mutual Inductance:
Mutual inductance is a measure of how much magnetic flux generated by one circuit passes through another circuit. The amount of mutual inductance between two circuits determines how well they are coupled. A strong coupling means that a greater amount of energy from one circuit can move to the other circuit. 
The energy stored in an inductor is given by

We now want to determine the energy stored in magnetically coupled coils.
We assume that currents i1 and i2 are zero initially, so that the energy stored in the coils is zero. 
If we let i1 increase from zero to I1 while maintaining i2 = 0, the power in coil 1 is
[image: ]
Figure 4: The circuit for deriving energy stored in a coupled circuit
The power in the coil 1 is
[image: ]
The energy stored in the circuit is
[image: ]
If we now maintain i1 = I1 and increase i2 from zero to I2, the mutual voltage induced in coil 1 is M12(di2/dt), while the mutual voltage induced in coil 2 is zero, since i1 does not change. 
The power in the coils is now
[image: ]
The energy stored in the circuit is
[image: ]

The total energy stored in the coils when both i1 and i2 have reached constant values is

[image: ]
If we reverse the order by which the currents reach their final values, that is, if we first increase i2 from zero to I2 and later increase i1 from zero to I1, then 
The total energy stored in the coils is
[image: ]
This equation was derived based on the assumption that the coil currents both entered the dotted terminals. 

If one current enters one dotted terminal while the other current leaves the other dotted terminal, the mutual voltage is negative, so that the mutual energy MI1I2 is also negative. In that case,
[image: ]
The energy stored in the circuit cannot be negative.
Thus, the mutual inductance cannot be greater than the geometric mean of the self-inductances of the coils.
[image: ]
The extent to which the mutual inductance M approaches the upper limit is specified by the coefficient of coupling k, given by
[image: ]

1.6 energy analaysis
Energy Transfer:
When current flows through one circuit in a coupled circuit, it generates a magnetic field around it. This magnetic field passes through the other circuit and generates an electromotive force (EMF) in it. This EMF is proportional to the rate of change of the magnetic flux. As a result, when there is a change in the current in one circuit, a change in magnetic flux occurs, inducing a voltage in the other circuit. This process allows for electrical energy to be transferred between the two circuits.

The rate at which energy is transferred between the two circuits is determined by the rate at which the magnetic flux changes, the mutual inductance, and the resistance in the two circuits. The amount of energy transferred increases with an increase in the rate of change of the magnetic flux, the value of mutual inductance, or a decrease in the resistance of the circuit.





Conclusion
In conclusion, electromagnetism is a crucial concept in the field of physics and electrical engineering. Self-inductance and mutual inductance are two important phenomena associated with electromagnetism that have significant implications for electrical systems. Self-inductance is a property of a circuit that causes a change in its magnetic flux and, in turn, produces an induced electromotive force (EMF). On the other hand, mutual inductance occurs when two separate circuits are near each other and create magnetic fields that interact with each other, inducing an EMF in both circuits. Understanding and applying these concepts are crucial in designing and analyzing electrical circuits. Furthermore, the study of electromagnetism has led to significant advancements in technology, such as electric motors, transformers, and generators. Therefore, it is evident that electromagnetism, self-inductance, and mutual inductance not only have significant theoretical implications but also have practical applications in our daily lives.
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