
PHYS 1P92 Experiment 08
Magnetism: Ampere’s Law

Notes

• Words in blue are links to additional reading or videos.

• Text in gray boxes are hints and things to take note of.

• Text in red boxes are important instructions or prompts that guide you to DISCUSS
some of the key RESULTS and CONCEPTS learned in the lab. These prompts may
not be the only items that need to be included in your report.

IMPORTANT: This lab requires error propagation - do not forget you MUST
include your scanned error propagation pdf.

1 Objectives

• Measure the magnetic field of a straight current-carrying wire.

• Determine the relationship between current direction and magnetic field direction.

• Test your 3D visualization skills.

2 Introduction

Ampere’s Law says that the magnetic field created by electrical current in a long straight
wire is given by

B =
µ0I
2πr

(1)

where I is the current in the wire, r is the radial distance from the wire, and µ0 is the
permeability of free space.

The field produced is in the form of circular loops around the wire. In this lab, we will use
a long wire laid flat on a table, so that the magnetic field lines loop into and out of the table
in a vertical plane, as shown in Figure 1.
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Figure 1: Magnetic field of a straight, current-carrying wire laid on a flat surface. The
field is viewed from the end, showing the field penetrating the surface. The right-hand-rule
determines the direction of the field.

As described in Lab 01, the iOLab magnetic sensors can be thought of as loops of wire
with one "loop" oriented in each direction. The number of magnetic field lines that pass
through the sensor loop is what measures the strength of the field. Thus the orientation of
the wire loop with respect the field is important.

If we roll the iOLab over the wire in Figure 1, the sensors in y (the direction of travel) and
z (vertical to the tabletop) directions detect a changing strength in the magnetic field.

Figure 2 shows the y oriented magnetic field sensor passing through the field of a straight
wire. As the iOLab gets near the wire, more and more field lines fill the sensor loop. Thus
the measured By is larger nearest the wire. Also, the field lines always pass through the
loop in the same direction as the iOLab y-axis, indicating a positive magnitude of the field.
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Figure 2: The passage of the By sensor through the magnetic field shows how more field
lines pass through the sensor loop the closer the iOLab is to the wire.

Figure 3 shows how the z oriented sensor measures the field lines only as they pass up
from the table surface, or down into it. The field gets stronger nearer the wire because there
are more lines closer together, but directly above the wire, there is no vertical component
to the field, and no field lines can pass through the sensor. Therefore at that point, Bz = 0.

Figure 3: The passage of the Bz sensor through the magnetic field shows the field lines
rising from, or going down to the table pass through the sensor.
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Therefore, the data we expect to measure will look something like Figure 4. The sign of
the data (positive or negative) will depend on whether the direction of current in the wire,
and the direction of motion of the iOLab, are aligned the way we have drawn. If the current
is reversed, then so does the direction of the field. It is up to you to understand how and
why these components behave as indicated!

Figure 4: The expected data trends as the By and Bz sensors pass through the magnetic
field.

3 Procedure

In this lab, we will combine our circuit making and measuring skills.

For this experiment you will need the following items from the 1P92 accessory kit, along
with a piece of paper and some tape:

• two 0.47 Ω resistors

• two C-cell batteries

• battery holder

• 28 gauge wire (“magnet wire”)

• sandpaper

• various alligator clips
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3.1 Preparation & Calibration

Find a place away from magnetic interference; this experiment needs about 1 m ×1 m area
of non-metal tabletop, cleared away of all electronics. The floor of your home should also
work if you do not have the table space. Move all of the other lab kit items, especially the
magnets, several meters away. The experimental setup and the computer that you have the
iOLab dongle plugged into should also be a couple meters apart, but make sure you can
still see the monitor.

1. Perform the 6-point calibration of the magnetometer sensor as done in the first lab
in this magnetic field-free area. (Actually the only magnetic field will be the Earth’s.)

2. Lay the iOLab wheels up on the table. Select the Magnetometer sensor, and take
about 20 seconds of data, rotating the iOLab about the z-axis several times. Save your
data to your computer

3. Include in your report a graph of By versus Bx. This should be roughly circular and
centered at zero.

4. It will not visually look circular. Why doesn’t it?

3.2 Removing the Earth’s magnetic field

The iOLab magnetometer sensors are very sensitive, so we do not want the Earth’s magnetic
field to contribute very much to the measurement. Recall the Earth’s magnetic field runs
North-to-South and vertically. If we align the By sensor to East-West, then the magnetic
field component in the By sensor will be minimized, and the amount of the Earth magnetic
field in the Bz sensor (the vertical component) will be constant.

Take a sheet of ordinary paper, and make a mark all the way across the short direction
(about 1/3 of the way down the paper), and place it on the table. Lay the iOLab, wheels up,
on the paper so that y arrow is pointing towards the line you drew. Line up the short edge
of the iOlab with the line you have drawn on the paper. If you have done this correctly the
magnetometer sensor, indicated by the red M in the upper left corner, should be nearest the
line and facing up. The iOLab y-axis now is perpendicular to the drawn line, the z-axis is
pointing up to the sky. A schematic of this setup can be seen in Figure 5

Prepare iOLab Online to take unlimited data of the Magnetometer sensor. Set the graph
to plot By. Slowly rotate the paper, taking care not to jostle the iOLab, while watching
the data of By being collected on the computer screen. Stop when the measured By is
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approximately zero.

Tape down the lower two corners of the paper. The iOLab will now be oriented in the
direction as shown in Figure 5, and the reference line will help us keep the iOLab oriented.

Write on the iOLab paper the directions of north, east, south, and west. (This may not
be the same orientation as the figure; the y-axis could face either east or west.)

Figure 5: The iOLab after orienting it to east-west.

3.3 The circuit

Figure 6 shows the circuit to build, in relation to the paper and iOLab, but not in relation to
Earth’s magnetic north. The figure is re-oriented to fit on the page in a logical way - do not
change the orientation of the paper from the step above!

Note in Figure 6 that the iOLab has been flipped over onto its wheels, and pulled back
from the reference line of the paper.
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Figure 6: The circuit to construct that will provide current to the long wire. Note the
orientation of the iOLab and the circuit. The iOLab has been flipped over and pulled
backwards.

Straighten the long magnet wire 1 from the accessory kit. Take the small piece of sandpa-
per and sand off most of the reddish-colored insulation from 1 cm of both ends.

Lay the middle section of the wire under the sheet of paper, directly under and following
the reference line. Pull it straight and tape the paper and wire down to the table/surface.
Bring the ends of the wire in a gentle circle to a point as far away as possible from the
paper.

Take 2 C-cell batteries and place them into the battery holder. Connect the red positive
wire lead of the battery holder to one of the 0.47 Ohm resistors with a double-ended alli-
gator clip. Attach the black, negative wire lead to the other 0.47 Ohm resistor (in Figure 7,
these connections are RED and BLACK double-ended alligator clips, respectively).

Technically, we need to make 2 more connections to complete the circuit. However, we
do not want the circuit to be completely connected as it will waste the batteries. Instead,
we will attach just one end of the magnet wire ends to one of the resistors (see Figure 7,
YELLOW pin-to-alligator clip). Do not attach the other wire end yet. Leave the circuit
incomplete for now. It should be a simple matter to make the last clip connection to provide
current through the wire at the right time.

Since you sanded off the coating on the wire, about 1cm of the end is now conductive,
so to make a connection all you have to do it put the two open ends (resistor and wire)

1Magnet wire is wire with a very thin layer of insulation, which makes it easy to form tight coils for the
creation of magnetic fields. Yes, we are using it in this lab as a straight wire.
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together. The easiest way to do this is to use one of your pin-to-alligator connectors to just
clip them together. You will not plug the other end into anything at this time.

Figure 7: Initial experimental setup. NOTE: only one side of the circuit is connected using
the alligator clip while the other side (purple circle) is disconnected.

On the paper, at the ends of the reference line, write down which end is connected to
the red, positive battery terminal with a plus sign “+”, and which is connected to the
black, negative battery terminal with a negative sign “-”.

Draw an arrow indicating the direction the current will flow when the last wire is
connected.

The magnetic field will wrap around the wire. How can we visualize this on our 2-
dimensional paper?

Using the right hand rule, draw on the paper how the magnetic field enters and leaves
the paper. You can draw the field lines entering down into the paper with the symbol⊗

, and where the magnetic field come up out of the paper with
⊙

.

Ohm’s law is V = IR. This circuit has a low resistance of about 0.94 Ohm. AA, AAA,
C, and D batteries all supply 1.5 V.
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What is the voltage of two 1.5 V batteries in series, as they are in this holder?

Assuming a resistance of 0.94 Ohm, what is the expected current in the circuit?

This high level of current will drain the batteries fairly quickly.
Therefore you should leave the circuit disconnected unless you
are taking data!

A battery’s capacity is the amount of electric charge it can deliver.
The more electrode chemical contained in the cell the greater its
capacity. A small cell has less capacity than a larger cell with the
same chemistry, although they develop the same voltage.

A battery’s capacity is measured in Ampere hours.

What more fundamental unit is this equivalent to?

What are the typical values of the battery capacity of AA, AAA, C, and D batteries?
What is the battery capacity of your cell phone? Cite your sources.

From the expected current calculated above, assume the C-cells have a combined
8,000 mA hours of capacity. How long will they last?

The final set up should look like Figures 8 and 9.

9

https://en.wikipedia.org/wiki/Ampere_hour


Figure 8: The final set up of the circuit, with the markings on the paper indicating the
positive and negative terminals, and the expected orientation of the magnetic field.

Figure 9: A close-up of the connected circuit. Remember, do not keep the circuit con-
nected unless you are collecting data, or you will drain the batteries. ALSO, the resistors
will become warm when current is passing through them; be mindful of your surface!
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3.4 Taking data: magnetic field

Flip the iOLab onto it’s wheels, with the y-axis pointed in the same direction (East or West).
Keep the short edge aligned to the reference line. Roll the iOLab back (−y direction)
about 10 cm, to the edge of the paper. Set iOLab online to record about 12 seconds of
Magnetometer and Wheel data. This will be the starting point.

First let’s take a look at the magnetic fields in the room, not created by the magnet wire.

Do not connect the circuit yet! While taking data, slowly roll the iOLab forward,
over the wire, and about 6 cm past it.

Save the merged data of position and magnetic field to your computer.

Save a graph of the By versus wheel position, and another graph of Bz versus wheel
position for your report.

Now repeat the measurement with current in the wire. Move the iOLab back to its starting
point.

NOW connect the circuit using another pin-to-alligator connector. While taking
data, slowly roll the iOLab forward, over the wire, and about 6 cm past it.

Save the merged data of position and magnetic field to your computer.

Save a graph of the By versus wheel position, and another graph of Bz versus wheel
position for your report.

Don’t forget to disconnect the circuit when you are done.

Describe the differences in the the two graphs with and without the current flowing in
the wire.

3.5 Taking data: wire current

We need a more accurate measure of the current in the wire for equation 1, as your batteries
may a bit worn down. To do this, you can measure the voltage drop across one of the
resistors, as shown in Figure 10

Take a wire lead, and plug the pin end into the iOLab GND terminal. Clip the other end to
one resistor, on the end closest towards the black negative battery terminal.
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Take a second wire lead, and plug the pin end into the iOLab A7 voltage sensor terminal.
Clip the other end to the same resistor, on the end closest towards the red positive
battery terminal.

(a) Circuit Diagram (b) Measurement wiring

Figure 10: How to measure the current in the magnetic wire, by Ohm’s law and the voltage
drop across one of the resistors. Remember, keep the circuit (GREEN) disconnected unless
you are taking data!

Set iOLab online to record 10 seconds of the voltage on A7.

Reconnect the magnet wire circuit to the battery pack.

Record the average and standard deviation of the voltage drop across the resistor.

Disconnect the magnet wire circuit from the battery pack.

Assume the resistor is 0.47 Ohms, with a 10% uncertainty.

Using Ohm’s Law, what is the current in the wire with it’s uncertainty?

3.6 Analysis: Finding the direction of Bz

Now, let’s go back to the data you graphed in Section 3.4

Looking at the Bz versus position graph when the magnetic field was on, how can you
identify the point where the magnetometer sensor passed over the wire?

Record the wheel position at this point.
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Do the z components of the magnetic field agree with what you drew on the paper?
Please provide a good description of how you know.

3.7 Analysis: Verifying Ampere’s Law with By

Looking at the By versus position graph when the magnetic field was on, how can you
identify the point where the magnetometer sensor passed over the wire?

Record the wheel position and magnetic field strength at this point.

If the field By far away from the wire was not zero (because of slight misalignment of
the iOLab with the Earth’s magnetic field), select that region and record the magnetic
field strength at that location.

The magnetic field due to the wire is the total peak-to-base value of By. What is it?
How can you estimate the uncertainty of the By field?

Using Ampere’s Law from equation 1, calculate the expected magnetic field strength
with it’s uncertainty. Assume the By sensor is 1 cm from the wire at its closest, and use
the current you measured above.

Does Ampere’s Law agree with the measured value, By?

Finishing Up

Now that you have completed the lab, be sure you filled out all portions of the data tables
(templates found in the Resources Tool on Sakai), include figures, and develop a robust
discussion using prompts found throughout the manual.
Ensure to give yourself enough time to complete the report and to hand it in by the due date
as late lab reports will not be accepted! If you have any questions please attend a live lab
session to get help from one of the course lab demonstrators, or email Phys1P92@brocku.ca.
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