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Time varying Electr OMmagnetic Fields

Inductance and Transformers



Inductance

According to Faraday’s Electromagnetic Induction law,
Induction of an electromotive force occurs in a circuit
by varying the magnetic flux linked with the circuit.




Inductance

Inductance L may be defined in terms of

the electromotive force generated

to oppose a change in current A/

In the given time duration At
according to Faraday’s law as follows:

AT
Emf =—L—
f JAY

Unit  volt second

for L: ampere = Henry




Inductance
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Inductance

Since emf results due to

the rate of change of magnetic flux ,

Inductance L may also be defined as a measure of
the amount of magnetic flux ¢ produced

for a given electric current | as




Self-inductance

Self-inductance in terms of Magnetic Flux

A coil carrying current has magnetic flux associated with it.
The flux @ is directly proportional to the current |




Self-inductance

Magnetic Flu‘;\ '

Lines of Force ___ |
linking the Coil

Fig. Self-Inductance: Magnetic Flux linking a Coil carrying Electric Current
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Self-inductance

Self-inductance in terms of emf

According to Faraday’s laws of electromagnetic induction
when the electric current flowing through a wire changes,
magnetic flux associated with it changes,




Self-inductance

Self-inductance in terms of emf

Suppose the current flowing in the circuit
Increases from 0 to |.
t then




Self-inductance of A solenoid

Consider a helically wound solenoid of length €
and cross-sectional area A.
Length is much greater than its diameter.




Self-inductance of A solenoid

The magnetic flux across each turn of area A iIs
= A pygn |
The total number of turns = n € turns,




Mutual Inductance

Mutual Inductance in Terms of Magnetic Flux

Consider two colls in proximity of each other.

When a steady current flows in the | coill,
Its magnetic field is linked to the Il coil also and




Mutual Inductance

The flux ¢, through the second coill is

directly proportional to the current |11 flowing in the | coil.

Hence, ¢, = M, |; (M,,= constant of proportionality)
M,, is called the mutual inductance




Mutual Inductance

Mutual Inductance in Terms of Magnetic Flux

The flux linking coil 2 when a current flows in colil 1
Is exactly the same as the flux linking coll 1
when the same current flows in coil 2.




Mutual Inductance

Mutual Inductance in Terms of Magnetic Flux

If the magnetic field is steady and is not changing,
there will be no induced voltage in the second coill.

However, If the current in the first coil Is changing b



Mutual Inductance

C1: Coil 1

C2: Coil 2

B: Magnetic Field
C: Cell
GiGalvanometer
I: Current




Mutual Inductance

Mutual Inductance in Terms of Magnetic Flux

If current |, flowing in coll 1 changes by an amount dl,
In time duration dt, the flux linking coil 2 changes by
doy, = M dl; during same duration,




Mutual Inductance

Thus, the emf generated in the |l coil due to

the current |, flowing in the | coll is directly proportional
to the rate at which that current changes.




Mutual Inductance

M Is a measure of the mutual induction
between two magnetically coupled coills.

It IS the ratio of the induced electromotive force to
the rate of change of current producing it.




Mutual Inductance

Mutual Inductance between Two Wires

Suppose two insulated wires
wound on the same core have the parameters
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Mutual Inductance

Mutual Inductance between Two Wires

The mutual inductance of the Il wire with respect to the |
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Mutual Inductance

Mutual Inductance between Two Wires

M Is a geometric quantity which depends on
the dimensions




Applications of Mutual Inductance

One of the important application
of Mutual Inductance iIs
In a machine like Transformer.




Transformer

Principle of Transformer

Transformer operates on the principle of
electromagnetic induction -Mutual Induction




Transformer

Construction of Transformer

The principle parts of
a hypothetical ideal transformer are as follows:
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Fig: Transformer Construction




Transformer

Laminated Core

E-Laminations ._
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Fig. Transformer Laminated Core with E-l Laminations




Transformer

The Core,
On it both the primary and secondary coils are wound

It is made up of a material
of very high magnetic permeability, such as iron.




Transformer

The Core (contd)

Generally,

with high frequency (above 20 kHz) voltage sources,
air-core transformers are used while




Transformer

Transformer Working

The alternating current (A.C.) that flows through
the primary winding establishes
a time-varying magnetic flux in the primary and




Transformer

Transformer Working
In accordance with Faraday's law of induction,

Induced voltages are proportional
to the rate of change of flux in the windings:

dd p ad g
idf df



Transformer

Transformer Working

As the core of an ideal transformer has zero reluctance

all the magnetic flux produced by the primary winding
also links the secondary,

The emfs are equal in magnitude to

bp = Pg
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Transformer

Transformer Working

The ratio of transformation

of primary to secondary voltage is therefore the same as

the ratio of the number of turns in the windings; alternatively,
the volts-per-turn ratio is the same in both windings.




Primary Coil

AC. Source

Transformer Circuit and Its Working




Transformer

Transformer Working

In the ideal condition, the incoming /input electric power
must equal the outgoing / output power I.e.
P —

input — " output
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