4. The Faradays law

If a flux passes through a turn of a colil of wire, a voltage
will be induced in that turn that is directly proportional to
the rate of change in the flux with respect to time:

€4 = —% (2.28.1)
Or, for a coll having AVturns:
d
e, =—N d—f (2.28.2)

€;,;— Voltage induced in the coll
N — number of turns of wire in the coil
¢ - magnetic flux passing through the coil
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4. The Faradays law

The “minus” sign in the equation is a consequence of the

stating that: “The direction of the voltage buildup in the coll is such that
If the coil terminals were short circuited, it would produce a current that
would cause a flux opposing the original flux change”.

Direction of i required

If the initial flux is increasing,
the voltage buildup in the
coil will tend to establish a
flux that will oppose the
increase. Therefore, a

current will flow as indicated Direction of
and the polarity of the apposing fux
induced voltage can be 6| ¢ increasing

determined.

The minus sign is frequently omitted since the polarity is easy to figure out.
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4. The Faradays law

The equation (2.28.2) assumes that the same flux is passing through each turn
of the coil. If the windings are closely coupled, this assumption a/most holds.
In most cases, a flux leakage occurs. Therefore, more accurately:

d¢

e =—— 2.30.
L dt o
N N
For N turns: e, Ze => dtl (Zﬂj (2.30.2)
i=1 i=1 I
dA
= €4 :E (2.30.3)
\
A - a flux linkage of the coil: A = Z ¢| [Wb — turns] (2.30.4)
=1
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4. The Faradays law

A nature of eddy current losses:

Voltages are generated within a ferromagnetic core by a time-changing
magnetic flux same way as they are induced in a wire. These voltages
cause currents flowing in the resistive material (ferromagnetic core)
called eddy currents. Therefore, energy |s d|SS|pated by these currents in
the form of heat.

The amount of energy lost to eddy * %
currents is proportional to the size of » %
the paths they travel within the core.
Therefore, ferromagnetic cores are
frequently laminated: core consists of
a set of tiny isolated strips. Eddy
current losses are proportional to the
square of the lamination thickness.
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4. The Faradays law: Example

Example 1-6. Figure 1-15 shows a coil of wire wrapped around an iron core. If
the flux in the core is given by the equation

¢ = 0.05 sin 377¢ Wb

If there are 100 turns on the core, what voltage is produced at the terminals of the coil?

o, dd Required direction of i

€ind = dr
d ] ,
= (100 turns) @ (0.05 sin 3771
= 1885 cos 377¢

ena = 1885 sin(377t + 90°) V

¢ =0.055in 377t Wb
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5. Production of induced force on a wire

A second major effect of a magnetic field is
that it induces a force on a wire carrying a
current within the field.

F=ilxB) (2.32.1)

Where /is a vector of current, Bis the magnetic
flux density vector.

For a wire of length /caring a current /in a magnetic field with a flux density B that
makes an angle #to the wire, the magnitude of the force is:

F=1IBsin@ (2.32.2)

This Is a basis for a motor action.
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Example: induced force

Figure 1- 16 shows a wire carrying a current
In the presence of a magnetic field. The
magnetic flux density is 0.25 T. directed into
the page. If the wire is 1.0 m long and carries
0.5 A of current in the direction from the top
of the page to the bottom of the page. what
are the magnitude and direction of the force
Induced on the wire?.

F=ilBsin @
= (0.5AY1.0mX0.25T)sin90° = 0.125 N

F = 0.125 N, directed to the right
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