Lecture 17: Chapter 33, November 1 2005

Closing the switch ... causes a momentary
in the left circuit... current in the right circuit.
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« There is a current in a coll of wire if and only if the magnetic field
passing through the coll is changing



Electromagnetic Induction

Opening the switch ...causes a momentary
in the left circuit. . . current in the opposite
: direction.
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e The current in a circuit due to changing B is called an induced
current



Moving Wire in a Magnetic Field
First Property: Motional emf
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Charge carriers in the wire experience an- charge separation creates an electric field in
upward force of magnitude Fy = qvB.Being  sonductor. E increases as more charge flows.

free to move, positive charges flow upward
(or, 1f you prefer, negative charges downward).
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The charge flow continues until the downward
electric force F is large enough to balance the
upward magnetlc force F Then the net force
on a charge is zero and the current ceases.
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In a steady state
Fc balances Fg



Calculating induced potential difference
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e Motional emf as a “battery”. &= vIB



Comparison with the Battery

Moving wire in Magnetic Field

(a) Magnetic forces separate the charges and
cause a potential difference between the
ends. This is a motional emf.
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Electric field
inside the moving
conductor

Magnetic Forces play the
part of “foreign” forces

Battery
(b) Chemical reactions separate the charges
and cause a potential difference between
the ends. This is a chemical emtf.
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Chemical Forces play the
part of “foreign” forces

e Moving wire in magnetic field behaves similar to the battery



Moving Wire in a Magnetic Field
Second Property: Induced Current

X What is the direction of the
Induced current?
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If our moving wire is a part of a circuit it will be an induced current
| = £/ R, where R — total resistance of the circuit



Moving Wire in a Magnetic Field
Third Property: Magnetic Force

A pulling force to the right must
balance the magnetic force to keep
the wire moving at constant speed.
This force does work on the wire.

The induced current flows

through the moving wire.

The magnetic force on
the current-carrying
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wire 1s opposite the motion.
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e Pulling at speed v _creates:

I:g/R:VI—B
R

e Because we have |,
a_second F appears:

mag —
2D 2
Frag = 11B = viB IB:VI—B
R R
eTo keep the wire moving
at _const _speed :
F

pull = |:mag



Energy Considerations

A pulling force to the right must
balance the magnetic force to keep
the wire moving at constant speed.
This force does work on the wire.

The induced current flows
through the moving wire.
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The magnetic force on

the current-carrying

wire 1s opposite the motion.

Mechanical Power :
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Electrical Power :
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The rate at which the work is done on the circuit exactly balances
the rate at which energy is dissipated: P, = Pjiccinatod



Magnetic Flux

(b)

Sol

A

The magnetic The angle 6 between
flux through A and B is the angle
the loop is at which the loop
®=AB has been tilted.
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Increasing field strength
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Flux in a Uniform Field:
®. =A-B=ABcosé
1weber =1Wb =1Tm?

Flux in a Nonuniform
Field:

dd, =B-dA
O = jé-dli

area_of loop



Faraday’s Law

An emf &£is induced in a conducting loop if the magnetic flux
through the loop changes. The magnitude of the emf is

g=|do,_/dt|

and the direction of the emf is such as to drive an induced
current in the direction given by Lenz’s law.

e True for any loop and any distribution of B(x,y,z,t)
e Describes only the magnitude of &



Faraday’s Law
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F Lenz's Law
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 Chunge b flurd End of Lecture 17
® Induced field 1 Reading: Chapter 33

® Induced current ccw

Review for Quiz 8
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