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Electromagnets: Winding 
Things Up
When electric current flows through a wire, it creates a magnetic field. Winding a wire around a piece of iron increases the strength of this magnetic field. A temporary magnet made in this way is called an electromagnet. In this experiment, you will use a Magnetic Field Sensor to study the relationship between number of wire winds and magnetic field strength of an electromagnet.
OBJECTIVES
· Build an electromagnet.
· Use a Magnetic Field Sensor to measure magnetic field strength.
· Graph the results.
· Make conclusions about the relationship between number of wire winds and magnetic field strength.
MATERIALS
Chromebook, computer, or mobile device
Graphical Analysis 4 app
Go Direct 3-Axis Magnetic Field
large iron nail
80 cm piece of insulated wire
battery (size D)
tape
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Figure 1    
PROCEDURE
1. Tape the sensor to the tabletop as shown in Figure 1. 
2. Launch Graphical Analysis. Connect the Magnetic Field Sensor to your Chromebook, computer, or mobile device.
3. Set up the 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.
4. Collect the data for zero winds.
a. Click or tap Collect to start data collection. 
b. Get a large iron nail and place its pointed end next to the end of the Magnetic Field Sensor as shown in Figure 1. When the reading has stabilized, click or tap Keep.
c. Enter 0 (for 0 winds). 
d. Click or tap Keep Point to store the data.
5. Tape one bare end of your insulated wire to the bottom end of a battery provided by your teacher.
6. Place the nail on the wire at a position 10–15 cm from the battery. Tightly wind the wire around the nail 3 times as shown in Figure 1.
7. Collect data for 3 winds.
a. Firmly press the other bare end of the wire to the top of the battery.
b. A partner should again touch the pointed end of the nail to the end of the sensor, as shown in Figure 1. Important: If the reading decreases, reverse the wire connections to the battery.
c. When the reading has stabilized, click or tap Keep. Caution: The battery will become warm as it is used. To keep it from getting hot, and to use up the battery's energy more slowly, remove the wire from the top of the battery immediately after selecting Keep. 
d. Enter 3 (for 3 winds) and click or tap Keep Point.
8. Repeat Step 7 for 6, 9, 12, 15, 18, and 21 winds. Important: Wrap all winds at nearly the same distance from the nail end. As you wind more turns of wire, the wire should look more and more like a ball (see Figures 2 and 3).
9. Click or tap Stop to stop data collection. 
10. Record the magnetic field strength values in your data table.
11. Export, download, sketch, or print the graph as directed by your teacher. 
12. Before closing Graphical Analysis, continue to the Processing the Data section.
DATA
	Winds
	Magnetic field
(mT)
	Winds
	Magnetic field
(mT)

	0
	 
	12
	 

	3
	 
	15
	 

	6
	 
	18
	 

	9
	 
	21
	 


PROCESSING THE DATA
1. What is the relationship between number of winds and magnetic field strength?
2. According to your graph, what would the magnetic field strength reading be for 10 winds? For 30 winds? Explain.
3. Use the curve fit tool of Graphical Analysis to answer Question 2 by adding a best-fit line to your graph and then interpolating along this line. 
a. Click or tap Graph Tools, [image: ], and choose Apply Curve Fit.
b. Select Linear as the curve fit and dismiss click or tap Apply.
c. Click or tap Graph Tools, [image: ], and turn on Interpolate. Dismiss the Graph Tools menu. 
d. Tap the curve fit line at a position above 10 winds—the x-value should be about 10. The y-value is the magnetic field strength for 10 winds. Record the value.
e. Tap the best-fit line at a position above 30 winds and record the y-value. Note: You will likely need to adjust the end points of the x-axis and the y-axis to view the bet-fit line at 30 winds. 
EXTENSIONS
1. Determine the mass of paper clips or staples your electromagnet will pick up with the same numbers of winds used in the above experiment. Compare mass of paper clips or staples picked up to magnetic field strength.
2. Remove the nail from the wire and measure its magnetic field. Compare the magnetic field of the nail after the experiment with its magnetic field before it had been used in an electromagnet. Measure the magnetic field of the nail again after striking it on a hard surface. Explain these results using the idea of magnetic domains.
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