Measuring EarthQuakes
A seismograph is an instrument that is used to measure the ground’s movement during an earthquake. One type of seismograph has a pen attached to a pendulum. During an earthquake, a roll of paper moves beneath a pen creating lines that correspond to the motion of the ground. Many modern seismographs use a freely swinging magnet. The magnet is positioned inside a casing surrounded by coiled wire. When the ground moves, the casing moves relative to the magnet. Recall that a magnet is surrounded by a magnetic field. If a magnet moves in the coil, the magnetic field moves, and a current is generated in the wire. By measuring how this current changes, seismologists obtain a record of the ground’s movement. In this activity, you will create a model seismograph with a magnet and coiled wire.

	What You’ll Investigate
	Goals
	Materials

	
	
	

	•
What is a seismograph? 

•
How does a seismograph register motion during an earthquake?

•
What do the lines on a seismogram indicate about the strength of seismic waves?


	Build a model seismograph.

Observe how a seismograph records motion.

Measure movement using a seismograph.

Create a seismogram.


	Data-collection interface
TI-83 Plus or TI-84 Plus graphing calculator
link cable

EasyData application
Vernier Current Probe

strong bar magnet

enameled copper magnet wire

cardboard or plastic tube

sandpaper

masking tape

ruler

string

table

chair


Safety Precautions

•
Wear safety goggles and an apron during the lab.

Pre-Lab

1.
What are some reasons why seismologists measure Earth’s movement during an earthquake? 

2.
What is a seismograph? 

3.
How can you use a magnet to produce a current in a coiled wire?

Part A: Preparing for Data Collection
1.
Turn on the calculator. Connect the Current Probe, calculator, and data-collection interface as shown in Figure 1. 

Figure 1

2.
Set up EasyData for data collection

a. Start the EasyData application, if it is not already running. 
b. Select [image: image1.png](File)



 from the Main screen, and then select New to reset the application.
c. Select [image: image2.png]


 from the Main screen, then select Time Graph…
d. Enter 0.2 as the time between samples in seconds.

e. Select [image: image3.png][ Next



.

f. Enter 120 as the number of samples and select [image: image4.png][ Next



. Data collection will last 10 minutes.

g. Select [image: image5.png]


 to return to the Main screen.

Part B: Collecting Data

1.
To create a model seismograph, first make a coil of wire. Starting at one end of a sturdy tube, begin winding the wire securely around it, leaving about 20 cm of wire free at the beginning. Do not cut the wire from the spool until you have completed making the coil. Tape the wire at the place where you begin so it won’t unwind. The windings should be close together. Make at least 50 windings before you get to the other end of the tube. Tape the wire at the end, leaving about 20 cm of wire free.

2.
Use sandpaper to completely strip the coating off the ends of the wire. The coating on the wire doesn’t conduct electricity, so it must be removed to ensure a good connection to the Current Probe. Be careful when doing this so that the coil does not unwind.

3.
Connect each of the stripped ends of the wire coming from your wire coil to the red and black connectors of the Current Probe. 

4.
Cut a 60-cm piece of string. Tie each end around the ends of the bar magnet and slide the knots near the center of the magnet until they are about 2 cm apart. Tape the ruler to a table so that one end hangs over the edge. Use the string to hang the magnet from the ruler, as shown in Figure 1.
5.
Tape your wire coil to the seat of a chair placed near the table. Position it so that the magnet swings freely through the end of the coil. You may have to adjust the length of the magnet’s string by wrapping the string around the magnet.

6.
You are now ready to record movement with your seismograph. Select [image: image6.png](Start |



 to begin the 24-second measurement.

7.
During this time, gently bump the table that suspends the magnet so that the magnet moves in and out of the wire coil. Allow it to stop moving, then bump it again. Do this repeatedly until the measurement period ends.

8.
At the end of the measurement period, a graph of the movement will appear on the calculator screen. Sketch and label the graph in your Science Journal. Use the graph to answer questions in the Conclude and Apply section. If you wish to repeat the measurement, select [image: image7.png][ Main |



 to return to the Main screen. Then select [image: image8.png](Start |



 again.

9.
When you are finished with the graph, select [image: image9.png][ Main |



 to return to the Main screen. 
10.
Select [image: image10.png][ Quit )



 and then select [image: image11.png]


 to quit the EasyData application. A message indicates that the collected data has been stored in calculator lists.
Cleanup and Disposal

1.
Turn off the graphing calculator and disconnect the sensor and Data-collection interface. Disconnect the Current Probe wires from the wire coil. Remove the ruler from the table and the coil from the chair. 

2.
Dispose of or recycle the lab materials as directed by your teacher.

3.
Return all equipment as directed by your teacher.

Conclude and Apply

1.
To what do the up-and-down lines and the flat parts on the graph correspond?

The up-and-down lines correspond to movement of the table, and the flat parts correspond to times when there was no movement.

2.
How do you think your graph would differ if you had shaken the table harder? How does this relate to what a real seismogram shows about seismic waves? 

The up-and-down lines on the graph would have been higher if the motion of the table had been stronger. On a real seismogram, higher lines indicate stronger seismic waves.
3.
In this lab, your wire coil remained still and the magnet moved inside it. In a real seismograph, the magnet remains still and the wire coil moves around it, even though the magnet can swing freely and the coil is attached firmly to the ground. Explain how this can be true. 

In a real seismogram, the ground is moving so the coil attached to it moves. The magnet doesn’t move with the ground because it can swing freely.

4.
Would you have obtained a similar or a different seismogram if you had moved the chair instead of the table? Explain. 

You would obtain a similar seismogram. It doesn’t matter whether the magnet or the wire-coil moves. It is their movement relative to one another that causes the magnetic field to change and produces a current in the wire.

