Chapter 22

Electromagnetic Induction



|nduced Current

It was seen experimentally that when a coil of wire sensesa changing
magnetic field, the charges within the coil of wire respond by moving.

Moving charges are also known as a current.

This changing magnetic field through the coil induces the charges within the
wire to move in some direction
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Induced EMF

If charges are moving in awire, there must be an EMF acting on them
(recall that a current must have a voltage driving it through the wire
unless the wire is superconducting).

Because of this, we may consider the coll itself to be a source of EMF.
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Changing the Area of a Coill May Also

|nduce a Current
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Say you have a coil of wire, with agiven
area, perpendicular to a magnetic field.

By changing the area of the coil in thefield,
you can induce an emf and create a coil in
the circuit.

When you induce an emf using an external

magnetic field you are using electromagnetic
Induction.



Motiona EMF

As this conducting bar moves through the field, charges within the bar also move (they
cannot leave the bar). Recall that moving charges in amagnetic field experience aforce. In
the diagram below, the force on a positive charge is upward while a negative charge
experiences a force downward. Once the attractive force between the unlike charges equals
the magnetic force on each charge, the charge separation stops.
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Motional EMF in a Circuit
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If you incorporate this moving bar as part of acircuit,
you can use this emf in place of a battery.

The formulato calculate the emf in this moving bar
IS given by:
Emf vBL

If v, B, and L are all perpendicular to each other.

Say we have alight bulb with a 50Wfilament, the bar

moves at 10.0m/s, the field is 2.0T, and the length is
0.5m. What is the current through the light bulb?

Recall: V IR
so. vBL IR
10.0 2.0T)(0.5
or: | ( il 5)5(0 )(05m) 0.2 Amps



Motional EMF and Energy

Using the previous example,
we can find the energy used to light this bulb.
Power |V (0.2A)(10.0V) 2Watts

And we may remember the definition of Power Is:

Power %

so: Energy (2.0W)(1.0s) 2.0Jevery second



Work and How It Relates to
Electromagnetic Induction

Recdll: W F s Fscos
where W iswork done, F isaforce,

; sisthe distance over which the force
Ji acts on the object, and is the angle between
4 o the Force and the motion. We can multiply
i the RHS of the equation by t tand find:
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Work and How |t Relatesto
Electromagnetic Induction (2)

We saw before that our light bulb with its 50Wresistor used 2.0 J of
energy each second.

We have also just seen that Work (which is an energy) is calculated

by Fvtso:
Fvt 20J
Therefore: F 2.0J
(10m s)(1s)
and F 0.2N

Thisis nothing more than conservation of energy! The energy lost at
the light bulb is created by the work done by pushing the metal bar on
theralls.



Example of Work Done

As the conducting bar falls due to gravity, the
perpendicular magnetic field will cause positive and
negative charges to move to opposite ends of the
bar.

If there is no compete circuit, the charges will pile
up on opposite sides until the attractive electric
force between the opposite charges equals the
magnetic force. This has no effect on how fast the
bar drops.

If there is a complete circuit (with aresistor in it)
then there is a force opposite the force of gravity
which is due to the power lost in the resistor which
may be viewed as aform of work (W =F Cosq”

d). Thisforce, opposite to gravity, slows the falling
of the bar.



Magnetic Flux

Flux is nothing more than some
guantity through a given area. In the
case of Magnetic Flux, thisflux is
some amount of magnetic field
through a given area.



Flux Through a Loop with a Changing
Area

Recall that the emf from amoving bar is given by:

EMF vBL

but also recall that velocity is given by:
v =
t

s0: EMF —i_(BL

or: EMF Xt" B

AB B
finally: EMF ( A;)B tAO —

Sl Unit of magnetic flux: The Weber (1 Wb = 1 T>m?)



Calculate Magnetic FHux

To properly calculate magnetic flux, you
need to compute the amount of magnetic
field (red arrow) parallel to the normal of

the area (blue arrow).

Thisisfound by taking the component of
the field parallel to the normal of the area

and is given by B =B cosf.



More About Magnetic Flux

¢ (0.50T)(2.0m%)cos0 1.0\Wb
¢ (0.50T)(2.0m%)cos60 0.5Wb
¢ (0.50T)(2.0m%)cos90 0.0Wb



Faraday's Law of Electromagnetic
Induction

Both Joseph Henry and Michael Faraday are

credited with the discovery of Electromagnetic

Induction. The induced emf inacoil of N loops
» 4 4 4« Isgvenas

EMF N °]  N—

|
% Recall:  B(A)

L so to change the flux you may
| @ change the mag. field, change
‘ the area of the coil parallel to

field, or both.




A Cleaver Uses of Electromagnetic
Induction

Ground Fault Interrupter Inductive Cooking



