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Section 12: Lenz's Law

In this lesson you will

- state Lenz's Law
« explain how Lenz's law is a special case of the Law of

Conservation of Energy
e use detailed diagrams to show why work must be done to

move a conductor through a magnetic field
'O use Lenz's Law and left-hand rules to identify the direction
of the induced current in conductors with various

configurations
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In the picture above, the induced current causes a circular
magnetic field that interacts with the permanent field. You should
be able to see that on the side of the conductor away from you,
the circular field and the permanent field are in the same
direction (downward). Therefore these fields repel each other.
That is, even as the hand tries to pull the conductor through the
permanent magnetic field, the induced magnetic field of the
induced current is fighting the motion! Heinrich Lenz put it this
way:

X The direction of the induced current creates aninduced
magnetic field that opposes the permanent or inducing field.

Lenz’s Law

X Whenever a current is induced (Faraday’s Law), the direction
of the induced current is always such as to oppose the motion
producing it.

[Remember that word oppose. It is the most important word
in the statement of Lenz's Law].

In simpler terms: if you try to pull a conductor through a
magnetic field, you will have to do work because the
induced magnetic field and the permanent field will fight
against each other.
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This is all very good because the Law of Conservation of energy
is satisfied. That is, in order to get electrical energy out, you must
put mechanical energy in. You can't get something for nothing!

When a current is induced in a conductor, the induced current
creates a magnetic field. This magnetic field is called the
induced field and it then interacts with the inducing field either
attracting it or repelling it.
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If a North pole is inserted into a coil, there will be an induced
current (either up or down).

Assume that it is down.

Then the right-hand side of the coil would be a south pole. A
South pole will attract the North pole of the magnet pulling it into
the coil. It would no longer be necessary to move the North
pole into the coil. It would be attracted into the coil by the south
pole of the coil. This is impossible because the induction coil
would have to be producing electrical energy by itself without
using any other form of energy. Energy can only be converted
from one form to another; it cannot be created.

Therefore, the current must be moving up. As a result, the
induced field has a North pole at the right and this North pole
opposes the inward motion of the inducing magnet. That is, the
inducing magnet must be pushed into the coil against the
opposition of the induced field. The work done in moving the
magnet into the coil against the opposing force is transformed
into electrical energy of the induction coil.
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Examples:

1. Determine the direction of the induced current.

Lenz's dow
LHR H 2
2. The set-up in this exercise is similar to that of Faraday's
iron ring (without the ring.). Determine the current direction
in the secondary coil at the instant the switch is closed in the
primary coil.

e

2

Do questions: z}age 673,

4 a page 686
-20 page 687 - 688

May 6-10:39 PM



Section12_Lenz's_Law_soln.notebook May 14, 2012

1 . In the picture to the right the N pole of a magnet is being pulled out of

the coil. Which of the next four pictures shows the correct illustration of the
coil poles and the induced current in the coil?

O a O b)

2 . In the picture to the right the S pole of a magnet is being pushed into

the coil. Which of the next four pictures shows the correct illustration of the
coil poles and the induced current in the coil?
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2. The picture shows a magnet being pushed into a coil. The resulting
induced current leaves through the end of the wire at the bottom of the coil.
There are two possible explanations. Which two?

a N pole is being pushed into the coil .

a N pole is being pulled from the coil -S ("

a S pole is being pushed into the coil =
4 a S pole is being pulled from the coil

O a) 1and2 @:)QandS

O c) 3and 4 Od) 1and4

4. Study Faraday's Iron Ring Apparatus as shown below. Which of the statements below
the picture is the correct one for the instant that the switch is closed in the primary circuit?

O a) the top of the secondary coil becomes a S pole and the induced current exits the
top of the coil

) the top of the secondary coil becomes a N pole and the induced current exits the
topsaf/the coil

O ¢) the top of the secondary coil becomes a N pole and the induced current exits the
bottomn of the coil

O d) the top of the secondary coil becomes a S pole and the induced current exits the
bottom of the coil
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5 . This question is a repeat of #4 with the secondary loops coiled in the opposite
direction to those in the last item. Which of the four statements below the picture is the
true one just as the switch is closed?

O 3a) the top of the secondary coil becomes a S pole and the induced current enters
the top of the coil

O b) the top of the secondary coil becomes a S pole and the induced current exits the
bottom of the coil

O c¢) the top of the secondary coil becomes a N pole and the induced current enters
the bottom of the coil

/@ d) the top of the secondary coil becomes a N pole and the induced current enters
th p of the coil
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