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Electromagnets
Have you ever made a magnet with a nail, some wire, and a battery? This kind of magnet is called an electromagnet because it uses an electric current traveling through a wire to make the magnet. To make the electromagnet in this activity, a wire will be wrapped around the nail and then the wire will be connected to the ends of the battery.
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Figure 1  
OBJECTIVES
· Make an electromagnet using a steel nail, a wire, and a D battery.
· Measure the strength of the magnet as you wrap more wire around the nail.
MATERIALS
Chromebook, computer, or mobile device
Graphical Analysis 4 app
Go Direct 3-Axis Magnetic Field Sensor
nail
piece of insulated wire 1 meter long
D battery
masking tape
Key Question
What will happen to the magnetic field of a nail if you wind more and more wire connected to a battery around it?
pre-lab Hypothesis
When you wind a wire connected to a battery around a nail, the magnetic field will 
	 



PROCEDURE
1. Do the following to get the Magnetic Field Sensor ready for data collection: 
a. Launch Graphical Analysis.
b. Connect the Magnetic Field Sensor to your Chromebook, computer, or mobile device. 
c. Find the dots near the end of the Magnetic Field Sensor. This is the part of the sensor that senses the magnetic field. 
d. Tape the sensor to the tabletop with the tip pointing to the side.
2. Set up the data-collection mode.
a. Click or tap Mode to open Data Collection Settings. Change Mode to Event Based.
b. Enter Winds as the Event Name and leave the Units field blank. Click or tap Done.
3. Follow these steps to collect data: 
a. Hold the pointed tip of the nail at the end of the Magnetic Field Sensor with the pointed end of the nail touching the end (see Figure 1). 
b. Click or tap the Magnetic Field meter and choose Zero. After zeroing is done, the live values on the screen should be very close to zero.
c. Click or tap Collect to start data collection, then click or tap Keep.
d. Enter 0, for 0 winds of wire, then click or tap Keep Point.
4. Leaving about 10 cm of wire free to connect to the battery, wrap the wire around the nail 5 times. See Figures 2 and 3 for how to wrap the wire.
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Figure 2  Correct 
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Figure 3  Incorrect 
5. Now, do the following to make and test your circuit:
a. Hold the ends of the wires so they touch the ends of the battery, making a circuit. 
b. Hold the tip of the nail at the end of the sensor. 
· If the values are positive (such as "0.02 m"), the wires are touching correctly. Tape the correct end of the wire to the negative end of the battery (see Figure 4). 
· If the values are negative (such as "–0.02 mT"), switch the wires around. Then tape the correct end of the wire to the negative end of the battery.
c. After you tape the wire to the battery, testing the circuit by touching the free end of the wire to the positive end of the battery and checking that the values are positive.
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Figure 4   
6. Collect data with 5 winds of wire around the nail.
a. Hold the nail tip at the end of the sensor. Each time you take a measurement, it is important to hold the nail with the point touching the end of the sensor. 
b. Touch the positive end of the wire to the negative end of the battery.
c. Look at the magnetic field strength values on the screen. When they are constant (stay the same for a few seconds), click or tap Keep. Tip: If the values are at 0, or very close to 0, check the connection between the wire and the battery. It is likely that they are not touching completely.
d. After you have clicked or tapped Keep, disconnect the wire from the positive end of the battery. If you leave it attached, the wire can get very hot and the battery will drain.
e. Enter 5 for the number of winds of wire. Click or tap Keep Point.
7. Wrap the wire around the nail 5 more times, for a total of 10 winds. Place the nail tip at the end of the sensor, touch the positive end of the wire to the positive end of the battery, and click or tap Keep when the values are constant (stay the same for a few seconds). Disconnect the positive end of the wire. Enter 10 for the number of winds of wire and click or tap Keep Point.
8. Repeat Step 7 for 15 turns, 20 turns, and 25 turns. When you finish 25 turns, stop data collection.
9. When you are done collecting data, click or tap the graph to examine your data. Record the magnetic field strength values in the Data Table. Note: You can also adjust the Examine line by dragging the line. 
Data Table
	Number of winds
	Magnetic field strength
(mT)

	0
	 

	5
	 

	10
	 

	15
	 

	20
	 

	25
	 


ANALYZE YOUR DATA
1. Was you hypothesis correct? Use your data to explain.
	 

	 



2. Why is it important to keep the nail in the same position each time when making measurements of the magnet’s strength?
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