Inductor

A passive, two terminal, electrical component which stores energy in the form of magnetic flux
Solenoid- Air core

It is also referred to as coil or choke.

Inductors appear in different shapes and sizes but the basic configuratiarsisiple insulated wire that is coiled upcoil of
insulated wire(around the core)'.
Solenoid- Iron core

When the current is passed through the inductor, magnetic flux is produced proportional to the current around the ind
This gives the wire interesting property which we refer to as ‘'inductance'.

Toroid
Recall Capacitor resists change in the voltage.

Inductor opposes the change of current flowing through it due to the energyirsdliced in its magnetic field

Inductors do not carry any magnetic field or flux if no current is flowing through the inductor.

Symbols:
generic, or air-core  iron core generic
Inductance:

We characterize an inductor by its inductance which quantifies the tendency of an electrical conductor to oppose a ct
the electric current flowing through it.

Inductance is the property that relates the magnetic flux with the current
We denote the inductance by L and is definedias 11, that is, the magnatic flug per unit ampere of the current

Unit of inductance is Henry (Webers per Ampere), abbreviated as H. Typical inductors have the inductance r

Weber is a unit of magnetic flux.

-i Characteristics:

Linear characteristics (ideal inductor)

How to Compute Inductance?

uo

Inductance of a Single Loop

B
9]
Consider a loop of wire of lengtfhand area A.

Current i(t) is flowing in the direction indicated.

This current will produce magnetic field density that is given by Ampere's Law.
Ampere's Law

6tAd t O
0 Magnetic field density (Teslas)

B Closed integral around closed curve

t T ADp 1 (M1 Permeability of free space, vaccum
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Magnetic fluxis given by surface integral of magnetic field density

B 6Li 60  wQ 0Q

Inductance of Solenoid:

Consider a coil forming a loop of area A, lentiiand number of turngN .

Assuming air core (no core).

Ampere's Law

6tAa t O

Choosing ampere's law integral path

Inner Core
| Length () Material
~ Cross-sectional
[ [?yArea‘ (&)
e Ampere's law integral path
K X

"Ibt . E Current is multiplied by N as we have N number of turns over the length I)

" JH I}_le tyTE n is the turn density, that is, the number of turns per unit length)

Magnetic field density depends on the turn density.

Magnetic fluxis given by surface integral of magnetic field density

] oi 60 H:Eb

Total flux linkagés given by

0 ‘ IU%OQ
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Role of Iron (Ferremagnetic) Core in Practical Inductor:

The use of core provides the following benefits
w provides mechanical support for the windings
w Keeps magnetic flux concentrated around the core

Number of Turns (N}

w Improves permeability (inversely related of reluctance that is the resistance of the material to magnetic fiax).
replaced withf “ , where{ is the relative permeability of the magenetic material used for the core. Practical va

of relative permeability can be in the range of 100 to 1000.

Mid-term summary:Inductance quantifies the energy stored in the form of magnetic flux due to current .

Here, inductancé quantifies flux linkage in the coil due to the current in the same coil, that is,0"@

We refer toL as self inductance.

If we place another loop of wire (coil 2) in the vicinity of the coil 1 carrying cui@rhe fluxw in coil 2 will be linked t&2

as

Here)  is referred to as Mutual Inductance and the two inductors are said to be mutually cotﬂbled.quantifies the flux
in coil 2 due to the current in coil 1. The value of mutual inductance depends on the geometry and construction of the
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inductors. We will revisit this concept in detail.

Relationship Between Voltage and Current:

We have

B 0"Q
We use Faraday's law to establish the relationship between current and voltage in an inductc

o .00
LHH 1HI1
Uois Y

Qo

. .QQ
0O Otnungn
Qo

This is the voltage developed in the inductor due to the change in the magnetic flux or current. Polarity of the voliage
by Lenz's lavsuch that the current produced due to the voltage across conductor opposes the current or magnetic flux
producing it.
This relationship governs the behaviour of the inductor in electric circuits.
We can have different interpretation. But the most important is that

w Inductor does not allow instantaneous change in the current

w Flux cannot change instantaneously

w To change the current instantaneously, we require infinite amount of voltage across the inductc

We can also express current in terms of voltage as

. P .,
®» u LzQt
V)
Let's illustrate with the help of couple of examples.

E m\mrlt of

(
+
V(t) L V¥ @)

L
x Establsh ?Dw of volkage actoss indu Jet

» We assame \71(4.,) as indicated omd show Thal

ths s The Goaedl po I, . NeTe ik Tiu ()olmzy
4 comsislend with The '.fns;:w, sign  convVention.

Usiv\a OL'W"S LﬂlN
L(t) = V() - Vi v
R

* Whewy  w(t) s iv\(/\.u\/i‘mﬂ

= i(¥) is ina,'_.aamz
= i'_ is Ioosi-,’-we, = Lé-"_ /s roSi-/va
dt dt

L—~—— -
* Thw s in ack VOQJ-’*]C aoss indudon

> Po,zx)v\;(;] °£ L&; sttouu Le such

dt
A iT  deduces  fhe awmret i(¢).

V) = L—é_t'- (fosnth) will devwme e amred (FA,om@)
d
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