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Almaseera school

Physics — 12 General

Ms. Fatima Alketbi

Applications of Lenz's Law

Self-inductance is a property of a
wire where an EMF is induced in
the wire to oppose the change in
the potential difference that caused
it.
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Examples of self-induction:

The motor
The motor runs on the principle that
a current in the magnetic field results
in a force on the wire coils of the
armature.
However, according to Lenz’s law,
there must also be an induced EMF in
the coils of a motor that works in the
opposite direction to the current
flowing through the motor. The faster
the motor rotates, the greater the
induced EMF.
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When a motor of a large appliance
like a washing machine starts, the
lights, connected in a parallel circuit
in your house, dim a little bit. This is
why:

o The motor draws a large current
at the beginning before any
induced EMF develops in the
armature.

« Less current goes to other
appliances in the house for a
moment and the lights dim.

« As the motor continues to rotate,
an EMF is induced which resists
the current in the circuit, and the
current used by the motor drops.
More current goes through the
lights, which become brighter
again
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Examples of self-induction:
The generator

If generator is not connected to an
electric circuit, it rotates easily because
no current flows in the armature.

When the generator is connected to a
circuit, the induced EMF drives a
current in the circuit. This, in turn,
results in a magnetic field around the
loops of the armature This resists the
magnetic field of the permanent magnet
in the generator and makes it harder
to turn the wheel.

By the law of conservation of energy,
the more work done to turn the
armature, the more electric energy is
produced by the generator.
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Eddy currents are induced
currents in a conductor moving
relative to a magnetic field. They
produce a magnetic field in the
direction opposite to that which
induced the currents.
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currents to stop oscillations in
laboratory balance to measure
masses accurately, eddy current
opposite the original currents
which slow the metal down.
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Figure 11 As the metal plate on the end of
the balance beam moves through the mag-
netic field, an eddy current is generated in
the metal. The eddy current produces a mag-
netic field that opposes the motion that
caused it. This dampens the beam’s
oscillations.




Almaseera school

Physics — 12 General

Ms. Fatima Alketbi

Magnetic levitation is the use of a
magnetic field to suspend an object in
the air.
Magnetic levitation works on the same
principle. If the force of repulsion is great
enough, an object can levitate, like this
high-speed maglev train. There is no
friction between the tracks and the train,
so it can move very fast.
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The principle of magnetic levitation is
shown in this experiment. An aluminum
ring is placed on top of a coil with an iron
core. When the electromagnet is switched
on with the AC current, the ring is
repelled by the electromagnet by
electromagnetic induction.

induced
current

induced
magnetic field

magnetic field

current in
| electromagnet
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Assessment :

56. Trains The train in Figure 20 makes no contact with
the rails. There are electromagnets in the train but
not in the rails. Explain how this train is able to levi-
tate above the rails as long as it is moving.

This is because the changing
magnetic field of the electromagnet
induces eddy currents in the rails
which induce a magnetic field that
opposes the original field. If the force
of repulsion is balanced with the
gravitational force, the train levitates!

Motors If you unplugged a running vacu-
um cleaner from a wall outlet, you would
be much more likely to see a spark than
you would be if you unplugged a lighted
lamp from the wall. Why?

The inductance of the motor creates a
back-EMF that causes the spark. The
bulb has very low self-inductance, so
there is no back-EMF.
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Why is there no spark when you close a
switch and put current through an inductor,
but there is a spark when you open the
switch? (25.2)

The spark is from the back-EMF that
tries to keep the current flowing. The
back-EMF is large because the current
has dropped quickly to zero. When clos-
ing the switch, the current increase isn’t
so fast because of the resistance in the
wires.

Generators Why is a generator more diffi-
cult to rotate when it is connected to a cir-
cuit and supplying current than it is when it
is standing alone?

When the armature of a generator is
rotated, a force that opposes the direc-
tion of rotation is produced as a result
of induced current (Lenz’s law). When
standing alone, however, no current is
generated and consequently no oppos-
ing force is produced.

/

While the magnet is falling
slowly in the copper tube,
electrical current will be induced
in the copper tube. This induced
current is called eddy
currents. The eddy currents
create magnetic fields around
them that oppose the magnetic
field of the permanent magnet.

A physics instructor drops a magnet through a copper
pipe, as illustrated in Figure 26. The magnet falls very
slowly, and the students in the class conclude that
there must be some force opposing gravity.

a. The magnetic field in the pipe changes. What is
induced in the pipe?

b. How does what is induced in the pipe affect the
falling magnet? Explain in terms of energy.

¢. If the instructor used a plastic pipe, would the
falling magnet slow down?

a. What is the direction of the current
induced in the pipe by the falling magnet
if the south pole is toward the bottom?
Induced EMF is perpendicular to both
the field and velocity, so the current
must be circumferential. Field lines
move in toward the south pole and
out from the north pole. By the right-
hand rule, current is clockwise near
the south pole and counterclockwise
near the north pole.

b. The induced current produces a magnetic
field. What is the direction of the field?
Near the south pole, the field inside
the pipe is down; near the north pole,
it is up.

¢. How does this field reduce the
acceleration of the falling magnet?

Induced field exerts an upward force
oh both poles.




