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Background
In this exercise, students investigate how desert scorpions locate their prey using a method similar to how seismologists locate earthquakes.  The scorpion has specialized sensors in its feet to detect P and Rayleigh waves transmitted through sand.  First, students draw waves spreading out from a walking spider like ripples in a pond.  In this forward problem, students calculate the wave travel times through sand, create travel-time curves, and calculate the slopes of the lines.  Next, in the inverse problem, students are given the Rayleigh minus P times and must use their travel-time curves to determine the distance from the spider to the scorpion.  Finally, students draw circles on a map of the scorpion's legs, thereby using triangulation to determine the spider's location.

This is a stand-alone exercise that requires no outside resources, other than the basic materials describe below.  I designed it for an Introduction to Marine Science course for first year undergraduates planning to major in Marine Science.  Most of the students in this class wish to become marine biologists, so I created this geophysics exercise using scorpion data to motivate their interest by linking physics, biology, and geology.   

I use this exercise in the context of a 3 hour and 20 minute lab period with about 24 students.  First, I spend about 45 minutes describing the S minus P technique as it is used with seismograms to locate earthquakes.  Then students spend about an hour and a half racing spheres down a marble track to simulate P and S waves.  They measure slow and fast travel times, create a travel-time curve, calculate velocities, draw schematic seismograms, use S minus P times to calculate the distance to an earthquake, and draw circles on a map to determine the earthquake’s location.  In the last 45 minutes to an hour of lab, students complete the Scorpions as Seismologists exercise, which largely repeats the concepts from the first half of the lab.  Most students finish the lab in about three hours.

Materials Required
Students must have the following materials to complete this exercise:

(1) A copy of the lab.

(2) A drawing compass that extends at least 12 cm.
(3) A ruler.
(4) A calculator. 
(5) Two colored pencils.
(6) An index card.
I have found that students become frustrated trying to draw precise circles with cheap drawing compasses, so I recommend purchasing Staedtler Geo Student Compasses that cost about $4.50 apiece.  I provide compasses in lab, but one could certainly require students to bring their own.

A calculator is needed only to do some arithmetic.  I have a few cheap calculators on hand for those who forget to bring their own.

Students draw two lines on the graph using colored pencils, but one could certainly change the instructions to require students to use a regular pencil, drawing a solid and a dashed line for contrast.

An index card makes marking the Slow minus Fast times easier, but can be omitted.  Students could simply use the edge of any available sheet of paper.

Skills & Concepts
To complete this activity, students need to be able to do simple arithmetic and plot points on a graph.  The write-up describes all tasks in detail, including how to calculate the slope of a line.  

I spend the first part of the lab period describing the following concepts:

(1) Movement creates waves.

(2) Seismic waves are of four basic types that travel at different velocities.

(3) In the case of earthquakes, we do not know when the earthquake occurred.  In the case of a spider, the scorpion also does not know when its prey moved.  As a result, it’s the velocity differences that allow us to locate the wave source.

(4) The farther a seismic station from an earthquake, the larger the difference in arrival time of the slow and fast waves.  On seismograms, we compare P and S arrival times.

(5) What is a seismogram?  Simply a graph indicating time on the X-axis and wave amplitude on the Y-axis.

(6) Using observations from at least three stations, we can use a process called triangulation to locate the wave source.  

(7) Scorpions use the same process to locate their prey.  In this case, however, they have eight feet, and therefore eight stations, that record wave arrivals.

Due to time constraints, I do not spend time contrasting forward and inverse problems.  This exercise uses these concepts, however, which could be described in further detail by an instructor.

Objectives  

These objectives are listed on the first page of the exercise:

· To show how scorpions and seismologists use similar methods to locate wave sources.

· To create graphs relating distance and time (travel-time curves).

· To use the constructed time-travel graphs to locate seismic sources.

· To develop the concepts of forward and inverse problems.

Additional Options  

To better integrate this lab with traditional seismology and S minus P times, one could ask students to complete the Virtual Earthquake exercise on the web:

http://www.sciencecourseware.org/VirtualEarthquake/VQuakeExecute.html
This takes students approximately 20 to 30 minutes to complete and compliments this exercise nicely.  I require students to do Virtual Earthquake on their own time and print out the certificate confirming completion before doing the Scorpions as Seismologists exercise.
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