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Equipment Needed
Qty

Voltage Sensor (CI-6503)
1

Coil
1

Bar magnet, alnico (EM-8620)
2

(*such as on the AC/DC Electronics Lab (EM-8656) board, or the Basic Electricity Board (EM-8622) or the Coils and Core Set (SF-8616)

What Do You Think?

[image: image1.wmf]The purpose of this activity is to measure the voltage created in a coil by a magnet dropping through the center of the coil. Will the voltage be different if the magnet falls faster through the same coil?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

[image: image2.wmf]Connect a coil of wire to a sensitive meter that can measure tiny amounts of electric current. Set the coil so you can move a bar magnet back and forth through the center of the coil. When the bar magnet moves through the coil, the sensitive meter will show that a current is flowing through the coil. The current flows through the wire of the coil because the magnet caused (induced) a voltage. 

The amount of voltage depends on how many turns of wire are in the coil, and the rate at which the magnet is moved back-and-forth through the coil of wire. In other words, the more turns of wire in the coil, the more voltage it puts out. The faster the magnet moves through the coil, the more voltage the coil puts out. 

The direction of the voltage (positive or negative) depends on which end of the magnet (called the magnetic pole) is going through the coil of wire, and in which direction. A bar magnet has both a north magnetic pole and a south magnetic pole. If the bar magnet falls through the coil of wire, the voltage will be positive when one end of the bar magnet moves through the coil, and negative when the other end of the bar magnet moves through the pole. 

Both ends of a magnet usually have the same magnetic strength. If you put the north end of the magnet into the coil, it should create the same voltage as when you put the south end of the magnet into the coil, assuming that you put both ends into the coil with the same speed. If one end of the magnet moves faster, it produces more voltage. However, because the magnet moves faster, the amount of time that it is in the coil is shorter. 

The amount of voltage multiplied by the amount of time that the voltage lasts is called the flux. If a magnet moves slowly, the voltage is low, but the amount of time is longer. If the magnet moves quickly, the voltage is  higher, but the amount of time is shorter.

Theoretically, the amount of flux produced by a magnet moving slowly is the same as the amount of flux produced by the same magnet when it moves quickly.

SAFETY REMINDERS
· Follow directions for using the equipment.
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For You To Do

Use the Voltage Sensor to measure the voltage induced in the coil by a magnet as the magnet falls through the coil. Use DataStudio or ScienceWorkshop to record and display the induced voltage. Use the plot of voltage versus time to find out whether the flux created by one end of the magnet is the same as the flux created by the other end of the magnet.

[image: image3..pict]PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer. 

2. Connect the Voltage Sensor DIN plug into Analog Channel A.

3.
Open the document titled as shown:


DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

GS29 Induction.DS
G29 Induction - Magnet
G29_INDU.SWS

· The DataStudio document has a Workbook display. Read the instructions in the Workbook. 

· The ScienceWorkshop document opens with a Graph display of Voltage vs. Time and a Meter display of Voltage.

4.
Data recording is set at 200 Hz (200 measurements per second), ‘Start Condition’ = Channel A = 0.05 V, and ‘Stop Condition’ = Time at 0.5 seconds.

PART II: Sensor Calibration and Equipment Setup
•
You do not need to calibrate the Voltage Sensor.

1.
Put alligator clips on the ends of the voltage sensor leads. 

[image: image4..pict]2.
Attach a voltage sensor lead to one component spring next to the inductor coil on the circuit board. Attach the other lead to the other component spring next to the coil.

3.
Arrange the circuit board so the corner with the coil is beyond the edge of the table and a magnet dropped through the coil can fall freely.

The bar magnet will be dropped through the coil. Make sure that the magnet does not strike the floor, or it may break.

Part III: Data Recording
1. Hold the magnet so that the south end is about 2 cm above the coil. 

2. Start recording data. Let the magnet drop through the coil. 

· Data recording begins when the magnet falls through the coil and the induced voltage reaches 0.05 volts. 

· Data recording ends automatically after 0.5 seconds.

3. Repeat data recording, but release the magnet from about 5 cm above the coil so the magnet falls through the coil faster. 

Analyzing the Data
1. Set up your Graph so it shows the area between the curve of voltage and the X-axis. 

· Hint: In DataStudio, select Area from the Statistics menu in the Graph toolbar.

· Hint: In ScienceWorkshop, click the Statistics button to open the Statistics area on the right side of the graph. In the Statistics area, click the Statistics Menu button. Select Integration from the menu.

2. In the Graph display, use the cursor to click-and-draw a rectangle around the first peak of the voltage plot. 

· The Statistics will show the area under the curve for the first peak. 

3. Record the value of Integration for the first peak.

4. Repeat the process to find the area under the second peak. Record the value. 

5. Repeat the data analysis for the second run of data (magnet falling faster).

Record your results in the Lab Report section.

[image: image5..pict]Ending the Activity

Equipment Clean Up

•
Check with your instructor about putting away the equipment for this activity. 

Computer Shutdown

When you have finished, you have several options. 

1.
You can select ‘Quit’ from the ‘Fil’e menu to end the activity. 

2.
You can select ‘Save’ or ‘Save As…’ from the File menu to save your data for this activity. the changes you’ve made to the document. 

•
The original document is “locked”, so you should give your document a new filename.

3.
If you wish to go on to the next activity, select ‘Open…’ from the ‘File’ menu, and find the document for the next activity. 

Lab Report - Activity GS29: Induction - Magnet through a Coil

What Do You Think?

The purpose of this activity is to measure the voltage created in a coil by a magnet dropping through the center of the coil. Will the voltage be different if the magnet falls faster through the same coil?

Data Table – Run #1

Peak
Integration

First
V*s

Second
V*s

Data Table – Run #2

Peak
Integration

First
V*s

Second
V*s

Questions

1. Is the first peak of flux (V*s) equal to the second peak of flux?

2. Why is the second peak taller than the first peak? 

3. Why are the peaks in opposite directions?

4. How does the voltage in the second run compare to the voltage in the first run?

Optional

Repeat the data recording and data analysis procedures for the following optional setups:

· Tape two bar magnets together so both south ends are together. 

· Re-arrange the two bar magnets so that the south end of one is with the north end of the other.
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