How do we really know what’s inside the Earth? - Imaging Earth’s interior with seismic waves  – Instructor’s Guide
Version – 3.1; Last updated – June 2017

Abstract
In this multi-step lab, students explore the concepts of seismic wave propagation through materials with different mechanical properties, and examine seismic evidence from a recent earthquake to infer Earth’s internal structure and composition.  This lab is designed to be done with an instructor present to answer questions and guide students to conclusions.
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Suggested Level – Intermediate1

Time – 90-120 minutes

Learning Objectives 
Students will be able to:
· Describe Earth’s internal structure (layers of different material properties and composition) and summarize how this is inferred through the analysis of seismic data
· Estimate the size of Earth’s core using a record section from a recent earthquake
· Describe how primary and secondary waves propagate through Earth
· Differentiate between Earth’s asthenosphere and lithosphere (layers of different mechanical properties)

Related Resources:
This activity is part of a collection of activities based on ten questions that identify promising research directions on the frontiers of seismology as outlined in the Seismological Grand Challenges in Understanding Earth’s Dynamic System. This collection has been developed to engage students in the analysis of real data and to bring examples of frontier research topics into the undergraduate classroom, while also helping to improve undergraduate seismology instruction. 

Material List:
· Student worksheet for all activities
· Plot (record section) of seismic data from a recent earthquake (Haiti_recordSection.pdf)
· Ruler
· Full-circle Earth Scale Model (Earth_Scale_Model.pdf)
· Protractor
· Scissors
· Instructor slide deck (Lab_Activity3_Slides.ppt)

Overview:
In this multi-step lab, students examine seismic evidence used to infer Earth’s internal structure and composition. Before undertaking this activity, students should know what earthquakes are, understand the basics of seismic wave propagation, and be able to explain the basic information contained in a seismogram and how a seismogram is recorded. 

The lab begins with a review of seismic (body) wave propagation in Activity 1. In this review, students “become” solids or liquids to kinesthetically experience how body waves move through materials in each state of mater. In Activity 2, students test the hypothesis that Earth is homogeneously composed of rock. A homogeneous Earth model and predicted arrival times are provided with the lab sheet. Students interpret a seismic record section from a recent earthquake to compare with predicted arrival times from the model. Activity 3 enables students to interpret the implications of their analysis of the seismic data in Activity 2. Here, the observed data are transferred to a second scale model of Earth to help visualize the details, measure the diameter of Earth's outer core, and compare findings to accepted measurements. In Activity 4, students apply their understanding of body wave propagation to another seismic record section and ray path model of the Earth to infer the state of matter of these two layers.  In Activity 5, students examine a graph of viscosities of common materials to develop the idea that the asthenosphere is a solid and that it deforms more easily than the lithosphere. Finally, in Activity 6, students examine results of seismic imaging to determine that the lithosphere-asthenosphere boundary varies with depth and can be a broad transition rather than a stark change as commonly indicated in textbook drawings. 

[bookmark: _GoBack]Note that the activities that are part of this lab are numbered in this guide for the benefit of the instructor. The Parts (I, II, III, etc) are referred to as listed in the student worksheet.




Instructor Preparation
· Copy student worksheet for each student
· Print out and copy a Record Section for each student (sample provided: Haiti_recordSection.pdf). [A new web tool to allow faculty to obtain a record section from a recent earthquake will be available by 8/1/17.]
· Print out the Full-circle Earth Scale Model to verify that it printed with radius of 5cm.  If it is not correct make sure that printing options to “scale the page to fit the printable area” and “auto-rotate and center” are turned off and reprint
· Make copies of the Full-circle Earth Model for each student. 


Activity 1 Procedure – Reviewing Seismic Waves (Kinesthetically)
1. Line-up ~ 10 to 15 students from tallest to shortest.
2. Instruct all participants to become an elastic solid. As solid particles, they should be tightly spaced and connected to one another (arms over shoulders chorus-line style). Since they are elastic, the student “particles” should be able to deform and then return to their original position. 
3. Send a P-wave (give the first student a light push towards the next student) and then an S-wave (carefully bend the first student at the waist) through the line. During each run, emphasize the following: 
a. Particle motion relative to the direction of wave propagation
b. Relative speed of each wave type
c. Travel time for the energy to leave the source and arrive at the receiver.  This time is dependent upon the length of the path, the wave type, and the stiffness of the material. 
NOTE: Have a spotter at the far end of the line to “support” overzealous participants. Also, ask for participants who are physically capable of balancing and bending over at the waist.
4. Instruct all participants to become a liquid. As particles in a liquid, they should still touch shoulders but not be connected in their previous chorus-line arrangement.
5. Repeat step 3.  First send a P-wave and then an S-wave through the line. During each run, emphasize the following: 
a. Liquids have no shear strength; thus an S-wave can’t propagate
b. Particle motion relative to the direction of wave propagation
c. Travel time for the energy to leave the source and arrive at the receiver.  This time is dependent upon both the length of the path and the stiffness of the material. 


Activity 2 Procedure - Comparing model data with observations

1. Distribute student worksheets, a record section, and a ruler to each student. 
2. Instruct students to complete Part I of the Student Worksheet individually.
3. Discuss student responses to Part I of the Student Worksheet as a class.
4. Instruct students to complete Part II of the Student Worksheet  in small groups. 

Activity 3 Procedure – Examining the implications

· 
· 
1. Provide each student with the following:
· Copy of Full-Circle Scale Model
· Protractor 
· Ruler
· Scissors

2. Have students complete Part III of their worksheet to apply the observed data to a scale model of Earth. By mapping out the P-wave shadow zone for multiple earthquakes, Earth’s interior structure becomes apparent.
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Note: There are a number of sources of error. These include the accuracy of tools used, the scale of the models used, and students’ misinterpretation of the seismic data or sparseness of data to carefully define the boundary (e.g. a record section might only have data from a station at 92 degrees and then another at 118 degrees).   
Activity 4 Procedure – Determining States of Matter

Instruct students to complete Part IV of their worksheets individually.

Activity 5 Procedure – Examining the Lithosphere-Asthenosphere Boundary

Instruct students to complete Part V and Part VI of their worksheets individually and discuss their conclusions with their partners.

Instructor Background:
Animation—Layers of the Earth www.iris.edu/hq/inclass/animation/199
Video—Human Wave: www.iris.edu/hq/inclass/video/254
Animation—4-Station Seismograph Network: www.iris.edu/hq/inclass/animation/116

Grand Challenge #7 - What is the Lithosphere-Asthenosphere boundary? 
http://www.iris.edu/hq/files/programs/education_and_outreach/CCLI/LAB/Lithosphere_Asthenosphere_Boundary.pdf

Author:
Primary Author: Maggie Benoit, formerly at The College of New Jersey.  Email lessons@iris.edu for questions about the exercise. The development of this resource was funded by the National Science Foundation via Award # 0942518.
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Limited Use Copyright
Most IRIS resources reside in the public domain and may be used without restriction. When using information from IRIS classroom activities, animations, information products, publications, or Web sites, we ask that proper credit be given. Acknowledging or crediting IRIS as an information source can be accomplished by including a line of text such “produced by the IRIS Consortium” or incorporating IRIS’s logo (http://www.iris.edu/hq/gallery/album/337) into the design. IRIS’s URL www.iris.edu may also be added.
1 Suggested Levels
· Novice – Includes basic seismology topics. Activities emphasize skills and abilities generally associated with students in the middle and high school grades. 
· Intermediate – Basic and/or intermediate seismology topics presented through activates that emphasize skills and abilities generally associated with students in high schools and non-major undergraduate courses.
· Advanced - Intermediate and/or advanced seismology topics presented through activates that emphasize skills and abilities generally associated with undergraduate science/math majors.



2

image4.emf










image5.emf










image1.png




image2.emf










image3.emf











Vs b s e £ e s i
e e 1

it o s

i v s f i v s

Suagested ol - o

Losmng ojcties

e it e s
e i o b e ik
ek ra o e o€
Bt btese Eais ananirs rd o o o
et e popres

oy ot o of s b i sty
oy s e o s o o g
Bt St Gty rsraandes Ex Sy Sy T
e e e
o A e el s o rado e S o) .

el A —
S eisecionst




