8 Magnetic Induction
Faradays Law:

Moving magnets can cause I to flow.

You can set up a current by:

· Bringing end of magnet into a circuit.

· Moving the solenoid

· A stationary solenoid switching on the current

· Or turn the loop in front of magnet
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Here the current is created via an emf denoted 
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Faradays Law
Lenz’s Law:
The loop will do every thing possible to oppose change in flux. Related to the negative sign in Faradays Law
e.g.
                                                 A
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B
Loop at 30degrees with respect to B, such that 
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Then 
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Thus
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N.B
Positive 
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 direction is Right Handed around A, so here the current is anticlockwise. But as its negative goes clowckwise.
This is a direct consequence of Lenz’s Law. 

[image: image9.wmf]e

 is such as to oppose change in flux, i.e. by driving currents and forces on a loop.
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, A out of page

Current circulates clockwise, generating B
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The induced magnetic field caused by the driven current is in the opposite direction to B0. Also F=BIl causes loop to shrink, in an attempt to keep same flux though it.

e.g. Search Coil:
Pull loop of area A out of region of unknown B.
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Then
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So
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Integrating from in to out gives:
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Inserting a loop into B region:

         v
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Then L = vt

So 
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Then 
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As V = IR
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I is in the CW direction.

Check forces produced by the current opposes the motion into the B field, also attempts to shrink the loop.

Alternator
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Then
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Gives AC
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From Faraday:
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 pushes charges 
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current.
So must be related to E field, so must be:
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E field is set up, in sense to oppose flux increases, as if there was a wire

E here is an induced electric field, B(t) increases with time: 
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So there are 2 kinds of electric field:

1. Electrostatic 
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 Charges 
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 Coulombs’ Law

Conservative 
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 EMBED Equation.3  [image: image35.wmf]V
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2. Inductive field E 
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 changes in 
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 non-conservative force.

e.g. Given a uniform cylindrically symmetrical field varying with time 
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Symmetry 
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By Faraday:
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Path is right handed about 
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Inductance: Mutual and Self

Look at coupling in 2 loops:

                            B1

     I1

I2
              N1 turns

N2 turns
Changing I, will change B1 this changes 
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i.e.  
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 where m is mutual inductance.

Similarly:
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Amazingly M12 = M21 = M

Then 
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Similarly
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e.g.




I2, n2 turns per unit length

                                                                                I1, n1 turns per unit length
Then
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Hence
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Total turns,
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Self Inductance






Flux in coil depends on current.

So if change I, then 
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So loops in current have voltage drop that depends on 
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Hence 
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 where 
N = No of turns, L = Self-inductance

Then 
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[image: image61.wmf]B
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is the flux through one turn

With 
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Just like mutual inductance.

Inductance is used in chargers such as shavers or in credit cards.

Transformers

 V1 with N1

 V2 with N2
The iron core, directs the flux and amplifies by a factor of km
So 
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So 
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So 
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Transformers can be used to “step up” the voltage if N2 > N1

Transformers can be used to “step down” the voltage if N2 < N1
Displacement Current
Charging a capacitor:
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Ic
The current 
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around the wire which can be found by Amperes Law:
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Where S is the surface bounded by path P





Ic
By symmetry 
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So 
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What happens if F is deformed and passes inside the capacitor.
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But there is an E in the capacitor:
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So 
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and 
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We call 
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 Displacement current

We can extend Amperes Law to:
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What is happening inside the capacitor?
Charging a capacitor:

                            E


               Ic

   Ic
Consider a path of radius r inside the capacitor:
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Where 
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 is flux through A surrounding by path 
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