Earth Science

Name_______________________________
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Finding the Magnitude of an Earthquake
Period_______ Date___________________
Background:  When an earthquake occurs, a large amount of energy is released as the Earth’s rocks break and move.  This energy passes through the various layers of the Earth and when it reaches the surface can be detected by a seismograph or seen by the amount of damage it does to the buildings on the surface.  How do geologists measure this energy and what does it mean?  In this lesson, you will look at seismograms of one earthquake that were recorded from five different cities. How can an earthquake’s amplitude help a geologist determine its distance and magnitude?
Materials: seismograms from 5 recording stations, straight edge, Five Seismograms, Finding Earthquake Magnitude and Distance data chart, and Distance, Magnitude, Amplitude chart
Procedure:
Part A.  Earthquake Amplitude

1. All five of these recording stations recorded the same earthquake.  Take a look at the vertical movements on the each chart.

2. What patterns can you see from the five seismographs?

3. Find the largest seismic wave for each seismograph.  Measure the amplitude of the earthquake wave by using the scale on the vertical axis.  The amplitude is the absolute distance from the center line to either the highest peak or the deepest valley.  You will notice that the units of wave amplitude from a seismogram are in millimeters.

4. Record the amplitude of this earthquake for each of the five seismograms on your data chart.

Part B.  Time Difference between P and S-waves

You and your classmates have had several opportunities to demonstrate how energy in P-waves and S-waves is different.  You will recall that P-waves arrive first at a recording seismograph station.  Therefore, you’ll notice that the P-waves appear first on each of the seismograms.  By finding the difference in arrival time between the P and S-waves, geologists can determine how far away the epicenter of the earthquake was.

1. Notice that the horizontal axis is marked in seconds.  This tells you how many seconds elapsed from the start of the earthquake until either the P or S-wave arrived at that station.

2. Use a ruler or the edge of a piece of paper and determine the number of seconds that elapsed between the arrival of the P-wave and S-wave at each station.

3. Record the time difference (to the nearest second) for all five stations on the data table.  
Part C.  Distance to Epicenter

On average, P-waves travel 8km/sec faster through the crust of the Earth than S-waves.   Therefore, once a geologist knows the time difference in the arrival of P and S-waves at a particular station, they can determine the distance to the earthquake’s epicenter (the point on the surface directly above the focus of an earthquake).  You will recall that the equation for finding the speed of any moving object (car, bike, airplane, etc.) is the following:




v (speed)  =   d (distance)

   t (time)

If you know two of the variables, you can solve the equation to find the third.  Use what you know to determine the distance of the seismograph stations from the earthquake epicenter. Record in the data table.  Be sure to keep track of your units.
Part D.  Magnitude

As geologists began studying earthquakes in the early 1920’s and 1930’s, they needed a system for recording the amount of energy released from an earthquake so that they could compare it with other local and global earthquakes.  Dr. Charles Richter, a physicist, came up with a magnitude scale that was later named after him—the Richter scale.  Each number—1, 2, 3, 4, 5, etc.—represents an increase in the severity of the ground shaking by a factor of 10.  That means that the ground motion is 10 times greater and buildings, bridges, and other structures are more likely to come down the larger the magnitude of the earthquake.  Therefore, an earthquake with a Richter magnitude of 5 shakes the ground 10 times more than an earthquake of Richter magnitude 4.  

Each number also indicates the amount of energy released from the earthquake.  However, each number on the Richter scale indicates approximately 30 times more energy released.  The most powerful earthquakes ever recorded register a little over 9 on the Richter Scale.  Now, you will use the Distance, Magnitude, Amplitude chart to calculate the magnitude of this earthquake.

1. Study the scales on the four different graphs on this chart.  You’ll notice that the scales are different on each graph and even change on several graphs.  

2. Look at the example that is given on the chart.  You see that the time difference for this earthquake was 24 seconds (difference in arrival time between P and S-waves) and the amplitude was 23mm.  The black line across the three graphs gives you the magnitude of this earthquake. 

3. Using a ruler or straight edge, draw a line for Salt Lake City between the time difference (right side of the left graph) and amplitude (right graph).  Record the magnitude in the last column of your data chart. 

4. Now, determine the magnitude for the other four recording cities by drawing lines on the chart.

Analysis Questions
1. Which earthquake wave always arrives first at a recording station?  Why?


2. Using the seismograms and your data table, describe the relationship between amplitude and time difference.

3. Describe and explain the relationship between time difference and distance.  Explain.

4. The average difference in the speed of earthquake waves through the crust is approximately 8km/sec.  What variables in the Earth’s crust might affect this speed?

5. Determine the average magnitude for this earthquake.  Explain how you did this.

6. Why does it make sense that all of the recording stations have approximately the same magnitude?
7. How does the ground movement of an earthquake of MR 7 compare with an MR 6?

8. How does the ground movement of an earthquake of MR 2 compare with an MR 5?  

9. How does energy released by an earthquake of MR 7 compare with an MR 6?
10. How does energy released by an earthquake of MR 9 compare with an MR 7?


Finding Earthquake Magnitude and Distance

	Location
	Amplitude
(mm)
	Time Difference (TS – TP) (s)
	Distance to Epicenter* (km)
	Magnitude**

	Salt Lake City, UT
	
	
	
	

	Pinyon Flats, CA
	
	
	
	

	Tucson, AZ
	
	
	
	

	Pasadena, CA
	
	
	
	

	Yuma, AZ
	
	
	
	


*  Distance to Epicenter – multiply time (TS – TP) by 8 km/sec (average speed of P and S waves)

**  Magnitude – use the Distance, Magnitude, Amplitude chart to calculate

Five Seismograms

(Modified from Seismic Sleuths, AGU/FEM 
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Distance, Magnitude, Amplitude

(Adapted from B. Bolt; 

modified from Seismic Sleuths, AGU/FEMA)
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Modified from Jefferson County Public Schools, CO ( Instructional Services
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