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                Where was that Earthquake?
   By Sara Harris and Brett Gilley with help from Ido Roll, University of
   British Columbia.
   Contact: [email protected]
   This activity is part of a series used in an undergraduate
   introductory geoscience laboratory class for both majors and
   non-majors.
   No prior instruction is needed.
   Goals:
   By the end of this activity, students will be able to:
   1. Explain how differences in travel times can be used to estimate
   distance traveled
   2. Locate a starting point on a map using paired arrival time data
   Activity summary:
   In small groups, students “invent” a way to figure out the location of
   a house, based on the walking times of two housemates to various
   locations near their house. This cover story is an analogy for using
   the arrival time differences between P and S waves to locate an
   earthquake epicenter. Students then create and compare graphs
   analogous to a Jeffreys-Bullen diagram and come up with a generalized
   way to use this type of graph to find distances. The activity prepares
   students for learning how to locate an epicenter and makes the
   relationship between distance and arrival times meaningful, since they
   have to figure out how to use arrival time differences to estimate
   distance.
   Assessment:
   1. Give students another location in the same scenario, a different
   distance away.
   2. Change Polly and/or Sam’s speeds and apply to the same scenario.
   3. Give students some data for another of the pairs of friends and ask
   them to locate this different house on the same map.
   An appropriate follow-up activity to this is locating an earthquake
   epicenter by (1) picking P- and S-wave arrival times from seismograms
   in three different stations locations, (2) figuring out arrival time
   differences, then (3) using a Jeffreys-Bullen diagram to get distances
   and (4) using a compass to locate the earthquake epicenter on a map.
   Name__________________
   STUDENT ID__________________
   DATE__________________
   Where was that Earthquake?
   Instructor/TA COPY
   Text in this font (Arial, bold, italic) denotes information NOT in the
   student version.
   PRE-LAB PREP:
   The following material will be supplied (Check to make sure you can
   locate all the supplies):
     * 
       Hardcopies of the student version of this lab, one per student
     * 
       Drawing compasses and/or string
     * 
       Rulers
   Goals: By the end of this activity, students will be able to
     * 
       Explain how differences in travel times can be used to estimate
       distance traveled
     * 
       Locate a starting point on a map using paired arrival time data
   A CTIVITY 1: Where do these people live?
   ~25-30 minutes for small groups. ~10 minutes for full-class discussion
   Two friends, Polly and Sam, live in a house together. They both like
   to walk to places near their house. But they have a hard time walking
   together, because Polly walks faster than Sam (always). So instead,
   they always leave the house together, but Polly always gets to their
   destination faster than Sam.
   Using the information below and the map on the next page, your task is
   to figure out where Polly and Sam live. You’ll need to invent a way to
   figure out distances. There are multiple ways you can solve this.
   Every solution you can justify is a good solution.
   Here’s everything you know about Polly and Sam’s travels:
   Polly walks 4 km/hr
   Sam walks 3 km/hr
   Here’s when each of them arrived at some destinations on recent trips
   from their house:
   Destination
   When Polly arrived
   When Sam arrived
   Ice cream store
   12:40 pm
   1:00 pm
   Beach
   3:00 pm
   3:06 pm
   Library
   10:44 am
   11:11 am
   Park
   7:35 am
   7:48 am
   
   (there’s lots of space on the next page for working out your solution)
   Space for working out your solution:
     1. 
       Explain your method for figuring out the location of Polly and
       Sam’s house. Include enough information that someone could read it
       and apply it to a new scenario. Include any assumptions you made.
       Instructor: See next page.
   EXTRA CHALLENGE QUESTIONS: For students who finish early
     2. 
       What is the minimum number of destinations needed to figure out
       the house’s location? Explain your reasoning.
       Three destinations will constrain the house’s location. With only
       2 destinations (see next question) there will be two possible
       house locations (unless the 2 destinations happen to be exactly in
       opposite directions from the house and the two circles intersect
       at only one point.
     3. 
       How many possible house locations would you get if you had
       information about 2 destinations? Explain your reasoning.
       Typically, you’d get 2 possible house locations with info about 2
       destinations, because the two circles would intersect at two
       possible points. See note above though.
     4. 
       How close do you think your solution is to the true location of
       the house? What factors might affect your estimate of the
       location?
       Students might consider human error (highly likely that they’ll
       consider this), e.g. in drawing. More thorough/thoughtful answers
       would probably include some variability in Sam and Polly’s walking
       speeds or their ability to walk to each destination in a straight
       line.
     5. 
       What if Polly and Sam always walked at the same speed, together?
       Would you be able to locate their house with the data given in
       this activity (their arrival times at various destinations)?
       Explain why/why not.
       No. The key is the difference in two arrival times, knowing they
       started together. If they walked together at the same speed,
       they’d arrive together. Since you don’t know their starting time,
       there’s no way to figure out total travel time, and therefore
       distance.
   Instructor/TA: Remind students that there are multiple ways to solve
   this, and if they can justify their solution, it’s a good one. Leave
   students pretty much alone for the first 20 minutes, without
   interfering. Do not give away “the answer”. Avoid using terms such as
   “wrong”, “mistake”, etc. Trust the students even if you do not
   immediately see progress. Stop the activity after 25-30 minutes
   whether students have completed the task or not. Begin full class
   discussion.
   Students will likely approach this problem in different ways. They
   might, for example, immediately be able to tell which destinations are
   closer/farther from home. They might want more information (but they
   don’t need any more information, and this is pretty much the
   information that seismologists have in order to figure out an
   earthquake epicenter.
   Here’s one way to solve it by creating an equation:
   Let’s assign:
   VP = Polly’s speed = 4 km/hr (known)
   VS = Sam’s speed =3 km/hr (known)
   TP = Polly’s total travel time (unknown)
   TS = Sam’s total travel time (unknown)
   D = distance (unknown)
   DT = difference in Polly and Sam’s travel times. We know they started
   at the same time, so this equals the difference in their arrival
   times.
   We know that Speed = Distance/Time and Time = Distance/Speed
   So,
   TP = D/VP and TS = D/VS
   The difference in their total travel times is the same as the
   difference in their arrival times, so,
   DT = TS – TP = D/VS - D/VP
   Now, we know everything except D, which is what we’re after.
   The algebra’s a little nasty, and, if they go this route, some
   students will likely have some trouble with it.
   Rearrange to get:
   D = (DT VS VP)/(VP – VS)
   You could then substitute in the known values for VS and VP and get:
   D = DT * 12 km/hr which could be used for all four destinations. For
   later, it’s important to note that this “12 km/hr” only applies to
   Polly and Sam’s case, not to P and S waves (which have much higher
   speeds).
   Destination
   DT (minutes)
   DT (hours)
   Distance (km)
   Ice cream store
   20
   0.33
   4
   Beach
   6
   0.1
   1.2
   Library
   27
   0.45
   5.4
   Park
   13
   0.216
   2.6
   A common problem for students might be failure to convert DT to hours
   (since it’s easiest to see it in minutes).
   Here’s another way to solve it:
   Student might decide to figure out the pattern by putting in numbers,
   for example:
   We have Polly who travels 4 km/hr and Sam who travels 3 km/hr. How
   much difference in their travel times do we get for different known
   distances?
   Distance
   Time Polly takes
   Time Sam takes
   Time difference
   1 km
   15 min
   20 min
   5 min
   2 km
   30 min
   40 min
   10 min
   3 km
   45 min
   60 min
   15 min
   4 km
   60 min
   80 min
   20 min
   5 km
   75 min
   100 min
   25 min
   6 km
   90 min
   120 min
   30 min
   Then one could interpolate between known points, using the real data,
   e.g. to figure out the distance for a Time difference of 6, 13, and 27
   minutes.
   Or, they could plot a line for distance vs. time difference and figure
   out the equation:
   D = DT * (1 km/5 min) which could be used for all four destinations.
   OR, students might come up with another way to solve it. The important
   thing is that students notice there’s a relevant relationship between
   (1) distance and (2) difference in arrival time between the two people
   Note: Students might question whether Polly and Sam can walk to their
   destinations in straight lines. This is a good point for discussion
   and relevant for seismic waves because they travel curved paths in the
   Earth and their speeds vary depending on the material they travel
   through (so, also not traveling in straight lines). So, students might
   choose to make an assumption about Polly and Sam’s ability to walk
   straight.
   Once students have figured out the distances to the four destinations,
   they need to figure out how they could use this info to find the
   house. Don’t tell them how to do it. They have compasses or strings
   and rulers, and a scale bar on the map. For instructors, graphically:
     1. 
       Use the scale bar (and ruler to extend the scale bar) to set the
       appropriate distance between the compass points, e.g. 4 km for the
       distance to/from the ice cream store.
     2. 
       Set the point of the compass on the ice cream store dot.
     3. 
       Draw an arc 4 km from the ice cream store. The house is somewhere
       on this line.
     4. 
       Repeat for the other three destinations.
     5. 
       The lines should intersect at the house.
   Here’s a figure useful for instructors. You may want to add some
   “noise” to the student version of the map so the points don’t
   intersect exactly.
   
   ACTIVITY 2: Polly, Sam and friends. Travel time graphs
   This is preparation for using a Jeffreys-Bullen diagram with seismic
   data (P- and S-wave travel times).
   ~20 minutes for small groups. ~10 minutes for full-class discussion
   Polly and Sam have 3 pairs of friends, who all have the same trouble
   walking together. Below are graphs that describe travel times for each
   pair.
     1. 
       Create a similar graph for Polly and Sam.
     2. 
       Come up with a general technique for how to find distance from
       home that works for ALL of these pairs of friends.
   
     3. 
       Explain your general technique for figuring out distance from
       home. Include enough information that someone could read it and
       apply it to a new scenario.
       Instructor: See next page.
     4. 
       Using your technique, figure out how far each pair lives from a
       new location, say, a coffeeshop. Each PAIR leaves home together,
       but all 8 don’t have to leave their houses at the same time.
       Polly, Peter, Prince, & Patricia all arrive at the coffeeshop at
       8:00 am
       Sam, Selena, Shorty & Sebastian all arrive at the coffeeshop at
       8:50 am
       Distance to the coffeeshop from:
       Polly and Sam’s house: _____________
       Peter and Selena’s house: ____________
       Prince and Shorty’s house: ____________
       Patricia and Sebastian’s house: __________
   EXTRA CHALLENGE QUESTIONS: For students who finish early
     5. 
       How accurately can you locate the coffeeshop on the map? Explain.
       You can only figure out that it’s somewhere on a circle with
       diameter ~10 km centered on Polly and Sam’s house. Students might
       make assumptions about the beach, and that there’s water beyond,
       so the coffeeshop might not be on that side of the map. But they
       don’t really know the shape of the coastline
     6. 
       How accurately can you locate the houses of Peter & Selena, Prince
       & Shorty, and Patricia & Sebastian? Explain.
       Each of their houses could be in either direction (inward or
       outward) from the circle on which the coffeeshop is located. One
       could draw a “doughnut” shape describing the possibilities for
       each of their houses.
   For instructors, Method:
   1. Using a compass or a ruler, measure a distance along the vertical
   axis in the figure that corresponds to the travel time difference
   (e.g. 50 minutes).
   2. Using that measurement, slide your compass or ruler up and to the
   right on the figure, until the distance you measured matches the
   distance between the plotted lines for Polly and Sam. The two points
   at the ends of your compass or ruler should stay vertically oriented
   to one another, the line between them parallel to the vertical axis.
   3. Read the distance from home off the horizontal axis. For example,
   50 minutes corresponds to a distance from home of about 10 km.
   Instructor answers:
   
   Distance to the coffeeshop from:
   Polly and Sam’s house: ____~10 km_________
   Peter and Selena’s house: ____~6.3-6.4 km________
   Prince and Shorty’s house: _____~3.7-3.8 km_______
   Patricia and Sebastian’s house: ____~2.1-2.2 km______
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