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Juniata College

Shake, Rattle, and Roll

Earthquake Board and Seismic Monitor
Standards

1.2.8 A Read and understand essential content of informational texts and documents in all academic areas

3.2.7.A Explain the parts of a simple system and their relationship to another
3.2.7.B Describe the use of models application of scientific or technological concepts.

3.2.7. C Identify patterns as repeated processes or recurring elements in science and technology.

3.2.7. D Identify patterns as repeated processes or recurring elements in science and technology.

3.5.7 B Apply process knowledge to make and interpret observations. 

Introduction and background

This lab will illustrate and measure examples of waves that are similar to ones produced by earthquakes.  The wave motions are captured by a geophone attached to a seismic monitor controlled by a PC or an electronic organizer.  Selection of the controller depends upon the condition when collecting the waves, probably the PC in the laboratory and the organizer in the field.  Detailed procedures for both are included.  You may also illustrate the waves with a Slinky and/ or a rope.

What's an earthquake?

Earthquakes occur because of a sudden release of stored energy. This energy has built up over long periods of time as a result of tectonic forces within the earth. Most earthquakes take place along faults in the upper 25 miles of the earth's surface when one side rapidly moves relative to the other side of the fault. This sudden motion causes shock waves (seismic waves) to radiate from their point of origin called the focus and travel through the earth. It is these seismic waves that can produce ground motion which people call an earthquake. Each year there are thousands of earthquakes that can be felt by people and over one million that are strong enough to be recorded by instruments. Strong seismic waves can cause great local damage and they can travel large distances. But even weaker seismic waves can travel far and can be detected by sensitive scientific instruments called seismographs. 

What are earthquake (Seismic) Waves?

A seismic wave is simply a means of transferring energy from one spot to another within the earth. Although seismologists recognize different types of waves, we are interested in only two types: P (primary) waves, which are similar to sound waves, and S (secondary) waves, which are a kind of shear wave. Within the earth, P waves can travel through solids and liquids, whereas S waves can only travel through solids. 

The speed of an earthquake wave is not constant but varies with many factors. Speed changes mostly with depth and rock type. P waves travel between 6 and 13 km/sec. S waves are slower and travel between 3.5 and 7.5 km/sec. 

What's a Seismogram?
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	A highly simplified simulated recording of earthquake waves (a seismogram) can be seen to the left. Study this sample seismogram and be sure you can identify these parts: 

· P-waves and the P-wave arrival time 

· S-waves and the S-wave arrival time 

· S-P interval (expressed in seconds) 

· S-wave maximum amplitude (measured in mm) 


Note well: This seismogram is a simulation. The actual records of earthquake waves are far more complicated than what is presented here. As P and S waves travel through the earth, they are reflected by various layers of the earth (such as the core- mantle boundary). This interaction produces additional seismic waves (phases) which will be detected by seismographs. Once you successfully complete this tutorial, you will be given links to some seismology labs, where you can see real seismograms.

How is an Earthquake's Epicenter Located?

In order to locate the epicenter of an earthquake you will need to examine its seismograms as recorded by three different seismic stations. On each of these seismograms you will have to measure the S - P time interval (in seconds). (In the figure above, the S - P interval is about 45 seconds. The vertical lines are placed at 2 second intervals.) The S - P time interval will then be used to determine the distance the waves have traveled from the origin to that station. 

The actual location of the earthquake's epicenter will be on the perimeter of a circle drawn around the recording station. The radius of this circle is the epicentral distance. One S - P measurement will produce one epicentral distance: the direction from which the waves came is unknown. Three stations are needed in order to "triangulate" the location. 

Vocabulary

Accelerograph - A seismograph whose output is proportional to ground acceleration (in comparison to the usual seismograph whose output is proportional to ground velocity). Accelerographs are typically used as instruments designed to record very strong ground motion useful in engineering design; seismographs commonly record off scale in these circumstances. Normally, strong motion instruments do not record unless triggered by strong ground motion. 

Aftershock - One of many earthquakes that often occur during the days to months after some larger earthquake (mainshock) has occurred. Aftershocks occur in the same general region as the mainshock and are believed to be the result of minor readjustments of stress at places in the fault zone. 

Amplitude - The amplitude of a seismic wave is the amount the ground moves as the wave passes by. (As an illustration, the amplitude of an ocean wave is one-half the distance between the peak and trough of the wave. The amplitude of a seismic wave can be measured from the signal recorded on a seismogram.) 

Aseismic creep - Movement along a fracture in the Earth that occurs without causing earthquakes. This movement is so slow that it is not recorded by ordinary seismographs. 

Collision - A term sometimes applied to the convergence of two plates in which neither plate subducts. Instead, the edges of the plates crumple and are severely deformed. 

Convection - The motion of a liquid driven by gravity and temperature differences in the material. In the Earth, where pressure and temperature are high, rocks can act like viscous fluids on a time scale of millions of years. Thus, scientists believe that convection is an important process in the rocks that make up the Earth. 

Convergent boundary - The boundary between two plates that approach one another. The convergence may result in subduction if one plate yields by diving deep into the Earth, obduction if one plate is thrust over the other, or collision if the plates simply ram into each other and are deformed. 

Core - The Earth's central region, believed to be composed mostly of iron. The core has a radius of 3,477 kilometers and is surrounded by the Earth's mantle. At the center of the molten outer core is a solid inner core with a radius of 1,213 kilometers. 

(See Figure 9.) 

Earthquake - The release of stored clastic energy caused by sudden fracture and movement of rocks inside the Earth. Part of the energy released produces seismic waves, like P, S, and surface waves, that travel outward in all directions from the point of initial rupture. These waves shake the ground as they pass by. An earthquake is felt if the shaking is strong enough to cause ground accelerations exceeding approximately 1.0 centimeter/second' (Richter, 1958). 

Epicenter - The location on the surface of the Earth directly above the focus, or place where an earthquake originates. An earthquake caused by a fault that offsets features on the Earth's surface may have an epicenter that does not lie on the trace of that fault on the surface. This occurs if the fault plane is not vertical and the earthquake occurs below the Earth's surface.  

Fault - A break in the Earth along which movement occurs. Sudden movement along a fault produces earthquakes. Slow movement produces aseismic creep. 

Fault plane solution- The calculation of the orientation, dip, and slip direction of a fault that produced the ground motion recorded at seismograph stations. Sometimes called a focal mechanism solution. 

Focus - The place in the Earth where rock first breaks or slips at the time of an earthquake; also called the hypocenter. The focus is a single point on the surface of a ruptured fault. During a great earthquake, which might rupture a fault for hundreds of kilometers, one could be standing on the rupturing fault, yet be hundreds of kilometers from the focus. 

Hypocenter - See Focus. 

Intensity - A measure of the severity of shaking at a particular site. It is usually estimated from descriptions of damage to buildings and terrain. The intensity is often greatest near the earthquake epicenter. Today, the Modified Mercalli Scale is commonly used to rank the intensity from I to XII according to the kind and amount of damage produced. Before 1931 earthquake intensifies were often reported using the Rossi-Forel scale (Richter, 1958). 

Liquifaction -A process, in which, during ground shaking, some sandy, water-saturated soils can behave like liquids rather than solids. 

Magnitude -A quantity characteristic of the total energy released by an earthquake, as contrasted with intensity, which describes its effects at a particular place. A number of earthquake magnitude scales exist, including local (or Richter) magnitude (ML), body wave magnitude (Mb), surface wave magnitude (Ms), moment magnitude (Mw), and coda magnitude (Mc). As a general rule, an increase of one magnitude unit corresponds to ten times greater ground motion, an increase of two magnitude units corresponds to 100 times greater ground motion, and so on in a logarithmic series. Commonly, earthquakes are recorded with magnitudes from 0 to 8, although occasionally large ones (M = 9) and very small ones (M = -I or -2) are also recorded. Nearby earthquakes with magnitudes as small as 2 to 3 are frequently felt. The actual ground motion for, say, a magnitude 5 earthquake is about 0.04 millimeters at a distance of 100 kilometers from the epicenter; it is 1.1 millimeters at a distance of 10 kilometers from the epicenter. 

Mainshock -The largest in a series of earthquakes occurring closely in time and space. The mainshock may be preceded by foreshocks or followed by aftershocks. 

Mantle -A rock layer, about 2,894 kilometers thick, between the Earth's crust and core. Like the crust, the upper part of the mantle is relatively brittle. Together, the upper brittle part of the mantle and the crust form tectonic plates. 

Normal Fault - A normal fault can result from vertical motion of two adjacent blocks under horizontal tension. (It also occurs in rocks under compression if stress is unequal in different directions. In this case, the minimum and maximum compressive stresses must be applied horizontally and vertically respectively.) In a normal fault, the upper of the two adjacent blocks of rock slips relatively downward. (See reverse (thrust) fault and Figure 1.) 

P (Primary) waves - Also called compressional or longitudinal waves, P waves are the fastest seismic waves produced by an earthquake. (See seismic waves and Figure 2.) They oscillate the ground back and forth along the direction of wave travel, in much the same way as sound waves, which are also compressional, move the air back and forth as the waves travel from the sound source to a sound receiver. 

Plates - Pieces of crust and brittle uppermost mantle, perhaps 100 kilometers thick and hundreds or thousands of kilometers wide, that cover the Earth's surface. The plates move very slowly over, or possibly with, a viscous layer in the mantle at rates of a few centimeters per year. (See Figure 8. ) 

Plate boundaries - The edges of plates or the junction between plates. See also plates, convergent (both collision and subduction), spreading, and transform boundaries. 

Plate tectonics - A widely accepted theory that relates most of the geologic features near the Earth's surface to the movement and interaction of relatively thin rock plates. The theory predicts that most earthquakes occur when plates move past each other.(See also mantle.) 

Return times - Sometimes called the recurrence time or recurrence interval. The return time, or more properly the average return time, of an earthquake is the number of years between occurrences of an earthquake of a given magnitude in a particular area. For example, if the average time of an earthquake having magnitude greater than or equal to 7 is 100 years, then, on the average, such earthquakes will occur every 100 years. If such earthquakes occur randomly in time, there is always the chance that the actual time interval between the events will be less or greater than 100 years. Return time is best described in terms of probabilities. In the case of an earthquake having a 100-year average return time, there is about an 18 percent chance that such an earthquake will occur in the next 20 years and a 63 percent chance than it will occur in the next 100 years. On the other hand, there is a 14 percent chance that it will not occur in the next 200 years. 

Reverse Fault - A rupture that results from vertical motion of two adjacent blocks caused by horizontal compression. Sometimes called a thrust fault. In a reverse fault, the upper of the two adjacent blocks moves relatively upward. (See Figure 1 and normal fault.) 

Richter Magnigtude Scale - An earthquake magnitude scale, more properly called local magnitude scale, based on measurements of the amplitude of earthquake waves recorded on a standard Wood-Anderson type seismograph at a distance of less than 600 kilometers from the epicenter (Richter, 1958). (See magnitude and Figure 6. ) 

S (Secondary or shear) waves - S waves oscillate the ground perpendicular to the direction of wave travel. They travel about 1.7 times slower than P waves. Because liquids will not sustain shear stresses, S waves will not travel through liquids like water, molten rock, or the Earth's outer core. (See seismic waves and Figure 2.) 

Seiche - A standing wave in a closed body of water such as a lake or bay. It can be characterized as the sloshing of water in the enclosing basin. Seiches can be produced by seismic waves from earthquakes. The permanent tilting of lake basins caused by nearby fault motions has produced very energetic seiches. 

Seismic waves -A vibrational disturbance in the Earth that travels at speeds of several kilometers per second. There are three main types of seismic waves in the earth: P (fastest), S (slower), and surface waves (slowest). Seismic waves are produced by earthquakes. 

Seismogram -A graph showing the motion of the ground versus time. (See Figure 5.) 

Seismograph -A sensitive instrument that can detect, amplify, and record ground vibrations too small to be perceived by human beings. (See also accelerograph.) 

Site response - Local vibratory response to seismic waves. Some sites experience more or less violent shaking than others, depending on factors such as the nature and thickness of unconsolidated sediments and/or the configuration of the underlying bedrock. 

Strike-slip fault - Horizontal motion of one block relative to another along a fault plane. If one stands on one side of the fault and observes that an object on the other side moves to the right during an earthquake, the fault is called a right-lateral strike-slip fault (like California's San Andreas fault). If the object moves to the left, the fault is called a left-lateral strike-slip fault. 

Subduction zone boundary -The region between converging plates, one of which dives beneath the other. The Cascadia subduction zone boundary ( Figure 12 ) is an example. 

Subduction earthquake -A thrust-type earthquake caused by slip between converging plates in a subduction zone. Such earthquakes usually occur on the shallow part of the boundary and can exceed magnitude 8. 

Surface waves -Seismic waves, slower than P or S waves, that propagate along the Earth's surface rather than through the deep interior. Two principal types of surface waves, Love and Rayleigh waves, are generated during an earthquake. Rayleigh waves cause both vertical and horizontal ground motion, and Love waves cause horizontal motion only. They both produce ground shaking at the Earth's surface but very little motion deep in the Earth. Because the amplitude of surface waves diminishes less rapidly with distance than the amplitude of P or S waves, surface waves are often the most important component of ground shaking far from the earthquake source. (See seismic waves.) 

Thrust fault -See reverse fault and Figure 1. 
Transform boundary -A boundary between plates where the relative motion is horizontal. The San Andreas fault is a transform boundary between the North America plate and the Pacific plate. The Blanco fracture zone ( Figure 12 ) is a transform boundary between the Juan de Fuca and the Pacific plates. 

Tsunami - A tsunami is a series of very long wavelength ocean waves caused by the sudden displacement of water by earthquakes, landslides, or submarine slumps. Ordinarily, tsunamis are produced only by earthquakes exceeding magnitude 7.5. In the open ocean, tsunami waves travel at speeds of 600-800 kilometers/hour, but their wave heights are usually only a few centimeters. As they approach shallow water near a coast, tsunami waves travel more slowly, but their wave heights may increase to many meters, and thus they can become very destructive. 

World-wide Standard Seismograph Network - A network of about 110 similarly calibrated seismograph stations that are distributed throughout the world. The network was originally established in the early 1960s, and its operation is now coordinated by the U.S. Geological Survey. Each station has six seismometers that measure vertical and horizontal ground motion in two frequency ranges. 

Materials

Earthquake board

Seismic monitor with geophone (waves) and microphone (air pressure or sound changes)

Laptop or other PC with GeoSonic

 Event Manager and Seismic Analysis programs installed

Sharp Wizard electronic organizer

Printer

Slinky
Safety

Students should wear eye protection and heavy gloves when handling the earthquake board or the slinky during the generation of waves.

Procedure

Attach the serial port cable to the seismic monitor and the computer, noting that the end marked serial port attaches to the monitor and the comm. port end attaches to the computer.  This is very important because the unit will not function if the cable ends are switched.  You will need a small screwdriver for the attachment.  Remove the protective cover(s) from the outlets on the side of the monitor and attach the geophone and the microphone, if desired.  Turn on the monitor by pressing and holding the enter key until the LCD screen displays.*  Follow the procedure detailed in “Computer Control of Seismic Monitor.”  If using the Wizard, do not attach the serial port cable to the computer nor the monitor.  Instead, attach the interface adapter to the monitor and then to the Wizard and turn it on.  Follow the procedure detailed in “Wizard Control of the Seismic Monitor.”  Place the geophone at the spot indicated on the earthquake board to begin collecting data.  At the completion of data collecting transfer the data from the Wizard to the computer by following “Transferring Data from the Wizard to the PC.”

You are now ready to collect data.

Logon:  

User name: student

Password: leave blank or you may need to type “password” as the password

Hit enter

Any problems call 599-7313

*if key? _ _ _ _ is displayed, type 4740 and press Enter.  Correct menu should appear.  Then proceed.

The seismic monitor measures three types of waves and the air pressure (sound) changes, if desired.

To Collect Data:

Double click on Event Manager Icon on Desktop

· Push Enter on Seismic Monitor

· Under Events Manager, click Tools

· Under Tools, click 300Lc Setup Utility
· Under Setup Information, Click OK in. Communication Settings
· Click GET
· Under Get, select Get Setup form 3000LC
· (follow progress at bottom of box: Under Tools, select Start Scan Observe Display Window on Seismic Monitor Window, Under Tools, Stop Scan(follow progress at bottom of box)
· Click OK for Stop Scan Successful

· Close Box

· Open Tools

· Click 3000LC Event Utility

· Click Connect

· Delete Stop File

· Save selected file of recent run

· Click OK under Destination Directory

· (follow progress at bottom of box)

· Click OK at Event Manager

· Close boxes

To View Graph of Data: 


Double click Seismic Analysis on Desktop

Highlight selected file

Click view
Wizard Control of SSU 300LC Seismic Monitor


Run: 


My programs

My 3000 Term

Enter

Menu

TTY Logon

Enter

4740 (type)

Enter (view seismic monitor screen)

Menu

Start Scan

Enter

Retrieve (be certain monitor and adapter are live):

My Programs

My 3000 Term

Enter

*Return Key (several times until prompt 
(>) appears)

Type key 4740

Enter

Type XFR 0

Enter

Menu

Recv. Events

Enter

* if prompt fails to appear, restart 
Wizard, Seismic Monitor and adapter 
and repeat the procedure. 

A. Body Waves

     1. Longitudinal (L) on the monitor, also called primary, compressional or P-waves (push-pull, linear motion – as an earthworm)

         a. Position a student at both ends of the shake boards with the arrow of the geophone mounted towards one.

         b. Place thumbs on handles and fingers under the board.

         c. Have one student push the board towards the other student and the other student push back; do not push down on the springs and do not lose contact with the board.

         d. Begin pushing on the board when the monitor screen indicates it is ready to collect data and stop when analyze is shown.

     2. Vertical (V) on the monitor, also called secondary, shear, or S-waves (up and down motion (as the Loch Ness Monster)

         a. Position a student at each end of the board with the geophone again pointing at one of the students.

         b. Position thumbs and fingers as before.

         c. One student will push the board diagonally toward the other student’s right and then diagonally toward the student’s left, which should result in the board moving in an up and down motion.

         d. Begin the procedure when the monitor indicates, as previous.

B. Surface Waves

     3. Transverse (T) on the monitor, also called Love (L) waves, named for an English mathematician (horizontal, transverse – similar to a snake)

         a. Position a student at both ends of the board.

         b. Have the students place their hands at the top corners of the board.

         c. One student will push or slide a corner of the board surface to his right, while his partner pushes or slides the board in the opposite direction.  This should result in a side to side motion with no vertical movement.

         d. Begin the procedure when the monitor indicates, as previous.

     4. Rayleigh (R) Waves (not to be measured by the seismic monitor)

         a. Position a student at both ends of the board.

         b. Have the students place their hands at the top corners of the board.

         c. Have one student push one corner of the board down and then the other corner in succession, while the other student pushes on the corner opposite the first student.  This should create a rolling or up and down and side to side motion.  Each student will lift the board off the table as the elliptical motion is continued.  Allow the diagonal corner to slam down.  This causes the spring to pop up and the board to twist.

         d. Continue the motion for five seconds or so. 
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