LENZ' LAW

In this tutorial, we will examine Lenz’ Law, induction using a variety of situations to help you build a
cohesive understanding of forces involved in producing induced currents. Please work through each of
the following physical setups,

1. Induced currents

A. A copper wire loop is placed in a uniform magnetic ficld as shown. Determine whether there
would be a current through the wire of the loop in each case below., Lxplain your answer in
terms of magnetic forces exerted on the charges in the wire of the loop.

= The loop is stationary.
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e The loop is moving to the right.
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* The loop is moving to the left.
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B. Suppose that the loop is now placed in the magnetic field of a solenoid as shown,

1. Determine whether there would be a current through the wire of the loop in each case
below. If so, give the direction of the current. Important, ry o explain any current in
terms of magnetic forces exerted on the charges in the wire qﬂ.:m loap.
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« The loop is stationary. - ®
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¢ The loop is moving toward the solenoid. »’/:
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¢ The loop is moving away from the solenoid.
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2. For each case in which there is an induced current, determine:

« the direction of the magnetic moment of the loop. (Hint: Find the direction of the
magnetic field at the center of the loop due to the induced current in the loop. The (;mc @

magnetic moment is a vector that points in this same direction,) -
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*  whether the loop is artracted toward or repelled from the solenoid
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*  whether the force exerted on the loop tends to increase or to decrease the relative motion
of the loop and solenoid.

ln el coes, Tuds T de oot The relolovt mslinn

Adapted by Craig Ogilvie from University of Washington Tutorials



C. Ineach of the diagrams helow, the position of a loop is shown at two times, ¢; and £; (¥, < ). Note
the B-ficld setup is different than the previous dingrams. For each case, the loop starts from rest in
each case and is displaced to the right in Case A and to the left in Case B. On the diagrams
indicate:

« the direction of the induced current through the wire of the loop,

» the magnetic moment of the loop,

* an area vector for each loop,

» the sign of the flux due to the external magnetic field (at both imes ¢; and 7.), and
» the sign of the induced flux (at both times £ and £3).
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). State whether you agree or disagree with each of the students below. If you agree,
explain why. If you disagree, cite a specific case for which the student's statement
does not give the correct answer, (Hint: Consider cases A and B above.)

Student 1 "The magnetic field due to the loop always opposes the external
magnetic field "
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Student 2:  "The flux due to the loop always has the opposite sign as the flux, due to
the external magnetic field."
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Student 3:  "The flux due to the loop always opposes the change In the fhux due
to the external magnetic field " _
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Before continuing, check your answer with a tutorial instructor.

II. Lenz' law
A The diagram at right shows a copper wire loop in a uniform magnetic field. B
The magnitude of the ficld is decreasing with time. e

1. Would you predict that there would be a current through the loop?: \{Q,.D

= Tmportant to ain any current i of masnetic forces
exerted on the ¢ in the wire of the . If this s not passible

then state why. Fxplain your reasoning.
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« Ifyou were to use the reasoning of the student in part D of section I with
whom you agreed? Explain.
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2. Ttis observed that there is an induced current through the wire loop in this case.

Use the appropriate reasoning above to find the direction of the current
through the wire of the loop.
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To understand the interaction between the wire loops and solenoids in section I, we
can use the idea that a force is exerted on a charged particle moving in a magnetic field.
In cach of those cases there was an induced current when there was relative motion
between the solenoid and the wire loop. The physical mechanism is that the curreng is

caused by the magnetic force acti ng on the moving chargpes,

In situations such as the one above, however, there is an induced current in the wire
loop even though there is no relative motion between the wire loop and the solenoid,
The physical mechanism is that the current is caused by an induced E-field due 1o a

changing B-field. The E-field exerts a Jforce on the charges, causing the eurrent.

There is also a general rule called Lenz' Jaw that we can use in all cases to predict

the direction of the induced current,

B. Discuss the statement of Lenz' law in your textbook with your partners, Make sure
you understand how it is related to the statement by the student with whom you
agreed in part D of section .
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C. Awireloop
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The loop is shown at two instants in time, t = yand =1, + AL,

ULJ\ £ m 1. Is the magnetic flux through the loop due to the extemnal field positive, negative, or zero;

2 ®

B att=t, (OO

boatt=u+al  Palve,
2. Isthe change in flux due to the external field in the interval A@Eﬁé} negative, or zero?

3. Use Lenz' law to determine the sign of the flux due to the induced current in the loop. ML@EELL'L

4. What is the direction of the current in the loop during this time interval? ~ C € \WJ

D. At two later .
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the loop is located e e o
as shown.
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I. Use Lenz' law to determine the sign of the flux due to the current induced in the loop.
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2. Consider the following student dialogue: {/ o Eﬁ\ﬂ)

Student 1: "The sign of the flux from the induced current is the same as it was in part C.
So the current here will also be counter-clockwise,”

Student 2: "1 agree. If  think about the force on a positive charge on the leading edge of

the loop, It points towards the top of the page. That's consistent with a
counter-clockwise current."

Do you agree with either student? Explain.
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