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Magnetism
Introduction

1.

In this lab you will begin your laboratory investigation of the magnetic field. In Part 1
you will explore the magnetic field of a bar magnet. Familiarity with a bar magnet’s field
is necessary for Part 3 in which you investigate the force that arises on a current carrying
wire when it is immersed in a magnetic field. An important application of this
phenomenon is the electric motor, a simple version of which will be demonstrated at the
very end of the lab.

Magnetic field maps

Introduction

You will find at your table an object, a bar magnet, that produces a magnetic field in the
space that surrounds it. Much like the electric field, the magnetic field is an invisible
vector field that can be illustrated with a map of field lines; in this case, magnetic field
lines. The field lines are used to visualize the direction and relative strength of the
magnetic field at all points in space surrounding the object.
The actual magnetic field around the object fills three dimensional space. The pictures
labeled A-P on the last two pages of this handout show some possibilities for what the
magnetic field looks like in a plane containing the longitudinal axis of the bar magnet,
such as the plane of the tabletop. One of them, and only one, gives a fairly accurate
representation of the actual magnetic field. (There is also magnetic field inside the bar
magnet, but in the pictures, field lines have been omitted there.)

Mission

You have a device on your table, the magnetic field probe, connected to the Logger Pro
data acquisition system, which generates an electrical signal in response to a magnetic
field, that can be used to measure the magnetic field in which it is immersed. Once you
understand the probe you can use it to ascertain information about both the magnitude
and direction of the magnetic field at a point in space.
Your mission is to implement a strategy for producing evidence, obtained with the
magnetic field probe, allowing you to eliminate all but the one correct field map.
It is important that you accomplish this mission with the magnetic field probe, instead of
with something else, like a compass. This probe is a Hall Effect probe; it is a common
type of sensor for measuring magnetic field. You should understand how to use it. In
addition, we will make extensive use of the probe in the next lab.

Skill building

Generating a complete map of the bar magnet’s field is not necessary, nor is it required.
The strategy for completing the mission is much simpler and quicker. Look carefully at
the possible field maps on the last two pages. It should occur to you that an efficient
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process of elimination could be conducted if the magnetic field’s direction could be
determined at just a few key points. Right? (Here direction means the direction of the
component of the field that lies in the plane of the table. Any vertical component of the
field is irrelevant to this investigation. So from now on, when direction of the field is
discussed, take that phrase to mean the direction of the component lying in the plane of
the table top.)
Therefore, you must learn how to determine the direction of the magnetic field at a point
in space using the magnetic field probe. Here you’ll prepare to make a first attempt at
developing that skill.



Maintaining the bar magnet in a fixed position and orientation is important, so tape
the blank white paper to the table. Set the bar magnet in the center. Outline the
magnet with a pen or pencil and label the ends N and S to match the orientation of
your magnet. Now you can easily return the magnet to its original position if it is
bumped.



Mark a point on the paper about 2 cm from a corner of the magnet on a line
extending at an angle of 45 degrees from the corner. What is the direction of the
magnetic field at that point? (Rhetorical.) Don’t guess!!! You can’t answer yet.
You have no evidence.



To activate the magnetic field probe open the Logger Pro data acquisition software
on your computer by double clicking the desktop icon. From the menu bar select
File/Open/Magnetic Field Lo (mT). (Note: the small black box connected directly
to the sensor is an amplifier. It has a toggle switch to choose high or low gain. It
should be set on low gain because the field of the magnet is relatively strong.)



If everything is working you should see a digital readout of the magnetic field sensed
by the probe on the computer monitor. You should notice the field changes as you
move the probe around.
What unit appears on the digital readout? __________________



While holding the probe far away from the bar magnet, and from any other magnets,
zero the probe by clicking the zero button on the tool bar.

A complicating factor in your investigation is the presence of magnetic fields due to other
objects. The sensor is responding to the superposition of them all. Certainly, you should
keep all other magnets as far from your magnet as possible. But Earth itself produces a
magnetic field, one that is uniform over the length of the classroom and static over the
time in which you conduct the measurements. It is on the order of 0.05 mT and has both
vertical and horizontal components. The horizontal component is directed approximately
in the direction of geographic North.
The sensor has been zeroed but, because its position and orientation will change as you
explore the field of the bar magnet, it isn’t possible to zero away Earth’s field once and
for all. However, if you stay reasonably close (< 6 cm) to the bar magnet, Earth’s
contribution to the net field will be small, and can be ignored. But watch the magnitude
on the monitor; where it falls near 0.2 mT, or less, your interpretation of the results can
be clouded by the contribution of Earth’s field.



Make an attempt to find evidence of the direction of the magnetic field at the marked
point using the magnetic field probe. Describe any successful strategies and results.
Description and results:
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If you are having difficulty, here’s the technique. The active area of the sensor is
behind the white dot at the end of the clear plastic “wand” that houses the sensor.
Hold the wand vertically with the sensor end resting on the marked point where you
are attempting to determine the field’s direction, as shown in the figure.

2D top down
representation of
sensor.
white
dot

Slowly rotate the wand in place about its long axis while monitoring the strength of
the field. (You can monitor the digital readout and you can click the collect button
and watch the field change on the graph.) The reported field is only the component
of the field that is perpendicular to the face of the white dot. That means, in the
orientation that gives a maximum positive or negative reading, the field is
perpendicular to the face of the white dot.
The sign convention adopted is that the field is directed out of the white dot in the
orientation that gives a maximum positive reading.
Collect evidence

Conduct the process of elimination. Directly on the white sheet of
paper record your measurements and indicate the maps that each
measurement eliminates. Attach your sheet to the lab handout when
you submit it. Your data should look like the figure to the right. The
sensor and direction of the field are represented and all maps
eliminated by the datum are listed.

Conclusion

Your conclusion as to which map is correct must be based on documented evidence, not
on preconceptions of the correct answer.

Eliminates X, Y and Z

Add the N and S labels to the bar magnet below, and then reproduce the correct map of
field lines on the diagram.
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Make one addition to your diagram. Unlike a map of electric field lines due to static
charges, magnetic field lines always form complete loops. Add this feature to your
illustration by extending the field lines through the magnet itself to form complete loops.
(Don’t let field lines cross, though. Just like electric field lines, magnetic field lines
never cross.) Show your final field map to your friendly instructor.
Follow-up

2.

1.

After identifying the correct field map, observe how the small compass responds to
the magnetic field of the bar magnet. Based on these observations what does a
compass tell you about the local magnetic field in which it is immersed? In other
words, thinking of the compass as a sensor, what attribute of the magnetic field does
it sense? Be specific.

2.

Is your answer to the last question consistent with the statement, “A compass needle
always points toward geographic North?” Explain.

Magnetic field strength

Introduction

This activity is meant to give you a sense of relative magnetic field strength. What
magnetic field can be considered strong? What magnetic field can be considered weak?

Questions

1.

Based on your results from the previous activity, where did you find the object’s
magnetic field to be strongest, and how strong was it? If you found multiple points
that were equally strong describe each point.

2.

The strength of a magnetic field typically, although not always, varies from point to
point. If the only information you have about a magnetic field is a map of field lines,
how can you tell from the field lines alone where the field is strong and where it is
weak? (If you are unsure, consider the data you have just collected. What feature of
the field lines correlates with a magnetic field that you measured to be strong? In
contrast, what feature of the field lines correlates with a magnetic field that you
measured to be weak?)
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3.

Rank the points labeled A, B, C on the map below from strongest to weakest
magnetic field.

4.

Given your answers to the previous questions, in the box below illustrate with field
lines a magnetic field that is uniform in strength and direction.

5.

The Earth’s magnetic field at the surface of Earth is on the order of 5  10 5 T . A
strong electromagnet might have a field of 1 T. The magnetic field produced by
electrical signals in the brain, and measured with a technique called
magnetoencephalography (MEG), is on the order of 10 -12 T. Near the surface of a
neutron star the magnetic field might be 108 T. In the table below rank these fields,
along with the strongest measured field of your bar magnet, from weakest to
strongest. In the final column place a YES or a NO if a quantitative measure of the
field could be made with this lab’s magnetic field probe.

Rank

Source of
Field

Strength of
Field (T)

Strength
Relative to
Earth’s Surface
Field

Measurable
with our
equipment?

Weakest

Strongest
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3.

A thought experiment

Introduction

The shape of the magnetic field around your bar magnet is characteristic of a magnetic
dipole, an object with two opposite magnetic poles, one at each end. The poles are
opposite in the sense that field lines enter the magnet at one end, the South-seeking pole,
and exit the magnet at the other end, the North-seeking pole. The field is called a
magnetic dipole field. Now that you are gaining some experience with the characteristics
of this field you are ready to make a prediction.

Questions

Imagine a small end piece of the object being cut off and isolated, as illustrated below.

cut
N

1.

S

N

Without talking with anyone, make a personal prediction as to what the magnetic
field will look like around this end piece. Draw your prediction in the left box
below. In the right box describe the reasoning behind your prediction. (Don’t skip
this part! Write something that seems reasonable.)

My Personal Prediction

My Reason(s)

N

2.

Would you describe the field in your prediction as that of a magnetic monopole, a
magnetic dipole or something else entirely?

3.

Discuss your prediction with your group. Comment on your discussion. Was there
initially agreement or disagreement? If disagreement, was a consensus reached or
have you agreed to disagree?

4.

Finally, ask your instructor to reveal the correct answer, and discuss the question
with him/her.
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4.

Force on a current-carrying wire

Introduction

a.

In this section you will explore the force on a current-carrying wire when it is immersed
in a magnetic field. The magnetic field will be produced by a pair of thin, flat, extremely
strong permanent magnets. (They have been glued to wood blocks acting as spacers, but
if the glue breaks or a piece of magnetic material is brought near them they can painfully
pinch your finger.)

Visualizing the magnetic field

Introduction

Before experimenting, carry out this activity to visualize the magnetic field that will be
used.

Questions

1.

The magnets used in this experiment are thin, flat rectangles. As the figure below
illustrates, the magnets have been manufactured so that the poles are on the two
large rectangular faces, not on the ends.
Not like this.

Like this.

NSNSNSNSNSNSNS

N
N

SS

The diagram below shows a two-dimensional edge-on view of one of these magnets.
Based on what you have learned about the field around a bar magnet, sketch the
magnetic field lines for the field produced by a single magnet of this type.

S
S
S
S
S
S
S
S
S

N
N
N
N
N
N
N
N
N
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2.

In the experiment two of these magnets will be facing each other as shown below.
Sketch the magnetic field lines for the field produced by the pair of magnets.

S
S
S
S
S
S
S
S
S

N
N
N
N
N
N
N
N
N

S
S
S
S
S
S
S
S
S

N
N
N
N
N
N
N
N
N

3.

Would you expect the magnetic field between the two magnets to be fairly uniform
over the whole region between the magnets, a portion of the region, or none of the
region? Support your conclusion by explaining how your field sketches show
uniform or non-uniform fields.

4.

The drawing below shows a uniform magnetic field. A positive charge is placed at
rest in the field. Illustrate the direction of the force (if any) on the charge.



5.

The drawing below shows a uniform magnetic field. A positive charge moves as
shown though the field. Illustrate the direction of the force (if any) on the charge.
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b.

Measuring the force on a current-carrying wire and its current dependence

Introduction

In this activity you will measure the force on a current-carrying wire and determine how
the force depends on current.

Procedure












The electronic balance should be placed on the plastic
platform. On top of the balance place the foam base,
the protractor and the magnets. Center the magnet
assembly on the compass with its long axis aligned with
the ±90º markings.
While sighting down the copper wire, adjust the
location of the balance so that the 1-cm long horizontal
segment of copper wire is centered both horizontally
and vertically between the two magnets and runs
parallel to the magnets. If necessary, bend the copper
wire to adjust the height. Figure 1 shows the proper
alignment.
Figure 1: Alignment
Turn on the electronic balance. After a brief warm-up
the balance should read 0.00 g.
The power supply should be connected to the copper wire as shown in Figure 2.
Make the following adjustments to configure the supply as a current source.
 Set the digital display to read Amps using the black switch to the right of the
display.
 Start with all four control knobs fully
counterclockwise and then turn on the
supply. It should read 0.00 A.
 Turn the fine voltage control knob all the
way clockwise. The current should still
read 0.00 A.
 Adjust both the coarse and fine current
control knobs, as needed, until the current
reads 3.00 A.
Figure 2: Supply Connections
With the power supply delivering 3A of current
the electronic balance should show a small force on it, well less than 1 g. It may be
positive or negative.
Now that you have learned how to use the equipment, make a series of
measurements of the weight displayed on the balance for a variety of current values.
Use both positive and negative currents. To change the direction of the current, first
turn off the power supply, then reverse the two leads to the power supply. Record
your results in the table below.
(Recall that though a balance measures force, it displays the results in grams, a unit
of mass. To convert to Newtons multiply the value in grams by g = 9.810-3 N/g.
Use this conversion to calculate the forces and write them in the right-hand column.)

As a general rule, turn off the scale and power supply when not in use.
However, to be properly zeroed, when the scale is turned on the power supply
must be off.
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Current
(A)

Balance display
(g)

Force on balance
(N)

3.0
2.0
1.0
0.5
0
–0.5
–1.0
–2.0
–3.0
Table 1: Force vs. Current

Conclusion

c.

Analyze your results by plotting the force as a function of current. Is the force
proportional to the current? That is, is the slope a straight line? Does the force double
when the current doubles? Does the force reverse direction when the current reverses
direction? Explain how your graph supports your conclusions.

Determining the direction of the magnetic field

Introduction

  
The force on a current-carrying wire is given by the cross product F  il  B , and so its
direction is given by applying the right-hand-rule. In the experiment just conducted you
know the directions of the current and force, so you can use the right-hand rule to find the
direction of the magnetic field.

10

Magnetism – Version 5.0 – University of Michigan-Dearborn

Procedure







Conclusion

d.

Figure 3 shows a top down view of your experiment. The two long gray bars are the
magnets. The short centered black bar is the 1 cm of copper wire immersed in the
field of the magnets. The
arrow indicates direction of
Scale reads
Scale reads
conventional current.
pos / neg
pos / neg
You know that conventional
current goes out of the red
(positive) terminal of the
power supply and into the
black (negative) terminal.
Consistent with your
experiment, in each diagram
circle whether the scale reads
positive or negative for the
Force on wire
Force on wire
direction of current shown.
Up / down
Up / down
When the balance displays a
positive (negative) number, is the
Figure 3: Field direction
force on the wire up or down?
In each diagram circle the correct answer. (Careful, you need to make use of
Newton’s Third Law to answer this question correctly.)

Since you now know the direction of current and force, use the right-hand-rule to
determine the direction of the magnetic field in each case. Add magnetic field lines
between the bar magnets in each figure with arrowheads pointing in the correct direction.
Consistent with your answers, label the poles of the magnets with N’s and S’s, as in the
diagrams on pages 7 & 8. (That’s 4 poles to label for each case.)

Determining the strength of the magnetic field

Introduction

With the data you have collected you can determine the strength of the magnetic field
between the bar magnets. As you arrive at a result, for comparison, recall that the surface
magnetic field of Earth is on the order of 5  10 5 T and the field near the poles of weaker
bar magnets used earlier in this lab was on the order of 5  104 T .

Procedure

The force on a current-carrying wire is given by F  ilBsin , where i is the current in
amps, l the length of the wire that is inside the magnetic field in meters, B the field in
Teslas, and F the force in Newtons. The angle  is the angle between the current and
magnetic field.




Symbolically express how the slope of your Force vs. Current graph is related to the
magnetic field strength, for the case studied in which  = 90o .
slope = ________________ (symbolic expression)
Carefully measure the relevant length l of the wire in the field to the
nearest millimeter and report the length in meters.
l = ___________ m

l



Finally, use the slope of the best fit line to your data in Table 1
Figure 4: Wire length
to calculate the magnetic field in the region between the two
magnets. (Strong, isn’t it!) Show your work, and attach the graph to your report.

B = ___________ T
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e.

Uniformity of the field between the magnets

Introduction

You might have concluded from your sketches in section 4a that the magnetic field is
fairly uniform between the bar magnets. In this activity you will experimentally examine
its uniformity.

Procedure



If the field is uniform, then the force should not change if you move the wire to
different locations between the two magnets. With current set at 3.0 A, try moving
the wire first closer to one magnet and then to the other, while keeping it centered
vertically and parallel to the magnets. Record the force.
Fcenter = _______________



Recenter the wire. Then lift the wire slightly and gently push it down, so that the
wire is even with the top and bottom edges of the magnets. Record the force.
Ftop = _______________

Conclusion

Fside = ________________

Fbottom = ________________

Is the force, and field which is proportional to force, weaker or stronger near the magnets
than in the center? By what percent?

Is the force, and field which is proportional to force, weaker or stronger near the top and
bottom edges than in the center? By what percent?

f.

Dependence of force on angle

Introduction

In this activity you will test the angle dependence of the force you have been
investigating.

Procedure

With the current at a constant 3.0 A gently rotate the
balance/foam/compass/magnet system so as to change the
angle between the wire and the field in which it is
immersed, as shown in Figure 5. Note the change in
force, if any, as you carry out this maneuver.

Conclusion

The theory describing this force makes a definite
prediction about the angle dependence. Describe how
your observations are consistent or inconsistent with this
prediction.

Figure 5: Changing the angle
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5.

Application: an electric motor

Introduction

In this section you will observe an important application of the physics explored in the
last section, an electric motor. Your goal is to understand how a motor works. The toy
motor you will observe is dubbed “the world’s simplest motor”. Its few parts and open
framework should allow you to make a direct connection with the physics studied in the
last section.

Exploration









Explanation

Examine the toy motor, pictured in Figure 6,
consisting of a small coil of wire, a D-cell to create a
current in the wire, and a small magnet.
Closely examine the coil. The wire is coated with
thin enamel insulation. The insulation has been
removed from the two leads, but only on one side of
the wire, as shown in Figure 7.
Place the coil on the supports and spin it. It should
continue spinning. If it doesn’t, try spinning it in the
opposite direction.
Finally, remove the magnet from its holder and try
holding the magnet in other locations, but always near
the coil. In particular, try above the coil and to each
side of it.

Figure 6: Toy motor

bare
insulated
Figure 7: Half-bare wire

Why does the coil turn? The poles are the faces of the ceramic disk magnet, so the
magnetic field lines go out of (or into) the faces. The field is strong near the face and
gets rapidly weaker as you go away from the magnet.






On the drawing in Figure 8 use
the right-hand rule to
determine the direction of the
force on the top and bottom
Coil with
segments of the wire coil.
current
Illustrate the direction of the
direction
force on the diagram.
shown
It should now be clear why the
Magnet
coil begins to rotate; there is a
with field
non-zero torque. But why was
insulation removed from only
lines
Figure 8: Torque on a current loop
part of the wires? Suppose
insulation was removed from the
entire wire. After the coil had rotated through 180 o (half a revolution), what was the
top of the coil would now be near the magnet. Would the torque on the coil be in the
same direction after rotating 180o, or would the torque reverse direction?

With insulation removed from only part of the wire, after the coil has made half a
revolution the insulated part of the wire would be touching the support and current
through the coil would stop. Why does the coil keep rotating? (Clever, isn’t it?)

Remove the rotating coil from the motor to avoid draining the battery.
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