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GPS, Strain & Earthquakes Unit 2: Physical models of strain – extended exercise instructor notes
Vince Cronin (Baylor University) with context by Nancy West and Shelley Olds (UNAVCO).
In these activities, students measure and observe strain in physical models.  Students explore strain in one-dimension using bungee cords and compressional springs in the first two activities. The bungee cord is an alternative to the rubber band model given in the “Basic” version of the exercise. Next students can demonstrate pure strain with Silly Putty® and simple strain in two-dimensions (essentially), using a stack of cards.
Instructor’s notes
These activities provide an intuitive understanding of strain from which you can develop the concepts and vocabulary students need to interpret vectors derived from high resolution GPS time-series data.  Students will draw on their experience with physical models to make sense of quantitative data and analyses.  They will build towards an understanding of crustal strain as a component of crustal deformation.  A bungee cord becomes the first brick in the road to interpreting infinitesimal strain within a regional tectonic setting. The bungee exercise is a possibly alternative to the rubber band model in the “Basic” exercise. Bungees have somewhat less material heterogeneity and thus sometimes produce more consistent results than rubber bands.
Students work in pairs or small groups in these activities.  PowerPoint presentations “Intro to GPS Basics” and “Using velocities from triangle of GPS sites to investigate strain” are available to complement the activities.  We recommend that students do the activities before you provide formal explanation.  Your discussion will be both livelier and more likely to stick with your students if they have explored the models and formed their own tentative understanding.  You can then formalize the concepts and language with a discussion or presentation.  
We also suggest that you first explore one-dimensional strain in its entirety and then move onto two-dimensional strain.  That is, have students explore the one-dimensional models (bungee cords and springs) and then reinforce their understanding of extension and stretch with a discussion.  You can provide “Strain—for students” as a supporting text on one-dimensional strain.  Then…move on to two-dimensional strain with the T-shirt model, followed by discussion and readings, and finally the activities with Silly Putty® and a stack of cards, followed by explanation.
Lab sheets for the five activities follow.  You will want to decide whether to expect one lab sheet for the entire group or one from each student.  

Preparation for Model A: Bungee cords
This activity requires a set-up with a bungee cord (or sewing elastic) on a rigid platform (Figure 1) The bungee must be marked in two places with black thread and one in red.  A centimeter ruler lies alongside the bungee, with the zero-end at the first black thread.  Note that the board backing has two hooks on the right side, and that the left end is firmly affixed with a heavy-duty staple.
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[image: ]Materials:  an apparatus for each group, tape (to affix the ruler to the board), worksheets.
Figure 1. Example of the apparatus for Model A.  Black threads are sewn around the cord on the left side.  A red thread is sewn about ¾ of the way to the right.

Preparation for Model B: Compressional springs
[image: ]This activity is written so that students design their own methods for measuring extension (which plays out as shortening) with compressional springs (Figure 2). The term “extension” almost always make students think of stretching or what we would call “positive” extension. An exercise that deals with “negative” extension can be valuable for them.

Materials: a variety of compressional springs, rulers, and other materials that students request.
Figure 2.  Compressional springs under hobby horses at an Italian playground.  Cavallini da gioco.  (Lucarelli, 2009.)



Preparation for Model C: Silly Putty®
This activity requires students to play with Silly Putty® in order to understand pure strain. You can purchase traditional eggs of it at most toy stores or you can buy it in bulk from the Crayola store.  (“Bulk” equals five pounds.  Think of the fun you can have….) Students will roll a handful of Silly Putty® into a cylinder and then press an open vial or small jar into the side of it.  They will stand the cylinder on end, and wait and watch (Figures 3-5).

Figure 3. Preparing.             	          Figure 4. Before.                         	       Figure 5.  After.

Alternatively, you can also do Model C as a demonstration—if say, you are limited in the amount of Silly Putty® on hand.

Materials:  For each group, Silly Putty®, a metric ruler, a small vial or bottle, time, worksheets.

Preparation for Model D: Deck of cards
Each group will need to shear a stack of some sort of cards. These could be playing cards, index cards, old business cards, even older computer cards, but probably not baseball cards.  Because students draw on the cards and measure angles, this is better done as an activity than as a demonstration (Figure 6).
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Figure 6. Deck of cards waiting to be sheared. 





Materials:  For each group, a stack of cards; a circular stencil or object; a protractor; and black, blue, and red pens or pencils.  



Sources:
All photos from these Instructor’s notes and on the lab sheets, except for Model B, are Vince Cronin’s, Baylor University, 2012.

Model B:  Compressional springs
Lucarelli.  2009.  Cavallini da gioco. http://commons.wikimedia.org/wiki/File:Cavallini_da_gioco.JPG  Retrieved from Wikimedia Commons 18 February 2013.
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