Lesson Concept

Link

Time

Materials

Advance
Preparation

Earthquake Waves: Wave Notes

Primary and secondary waves travel through Earth’s layers in
different ways

The previous Lesson 6.6 described and named waves by
characteristics of their movement. Lesson 6.7 describes how
waves move differently depending on the type of material the wave
is moving through. This information is used to determine
epicenters by triangulation in 6.8.

90 minutes

Per Group (groups of 4)

Ring stand/shoe box S wave simulator (rubber bands, paper clips,
washers, string)

Per Group (groups of 2)

Clear plastic cup labeled “A”
Clear plastic cup labeled “B” filled with water

Clear plastic cup labeled “C” filled V2 with Karo Syrup (bottom half)
and "% with water (top half

Plastic fork

2-4 pennies

Paper towels

Disinfecting wipe

Individual

H1 Earthquake Note Page

H2 Earthquake Note Page Key (Teacher only)
H3a-b Earthquake Wave activity sheet

1. Label 8 oz. plastic cups with A, B & C. Draw a circle on the
bottom of each cup.

2. Fill B cup with water

3. Fill cup C Y2 with Karo Syrup, then carefully pour water down the
side to fill the cup to create 2 layers.

4. Build S Wave simulator for groups of 4:
a. This can be done using either shoe boxes or ring stands
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b. Punch a hole at each end of shoe box (if using)

c. Cut arubber band in half. Shoe Box: thread it through the
hole in the box, and tie it to a washer. Ring Stand: tie rubber
band to top ring.

d. Stretch rubber band. Shoe box: Run it through the hole in
the other end of the box and tie around another washer.
Ring Stand: Tie a string around the bottom support of the
stand and tie the rubber band end to the looped string.

e. Make sure the rubber band is tight enough so that when you
pluck it, it will vibrate.

f. Place 6 paper clips evenly along the rubber band so that
they all are facing the same direction.

g. Let the rubber band and paper clips come to rest.

h. Practice plucking the rubber band to find the best technique
and observe motion of the paper clips.

Teacher Note: The paper clips should “twist” or “dance”. You should be able to see the
wave travel from end to end and back. At a point, the paper clip on the top should
momentarily stop, then start twisting again. If the whole band is bouncing, the pluck is
too strong — should just gently vibrate.

5. H2 Earthquake Note Page —Answer Key

Procedure:

Engage (10 minutes) Primary and secondary waves travel through
Earth’s layers in different ways.

1. Ask students to discuss with partners the different between and “S” and a “P”
wave?

2. Ask 3 pairs of students to come to the front of the room and demonstrate how “S”
and “P” waves travel.

Explore | (20 minutes) Earthquakes result in 3 types of seismic waves,
which travel through the earth in different ways.

3. Distribute H1 (Earthquakes for Notetaking) and ask students to discuss with their
partners where the different parts of the earth are located on H1: crust, lithosphere,
asthenosphere, mantle, outer core (liquid) and inner core (solid)

4. Together as a class, ask the students to label the parts of the earth: crust,
lithosphere, asthenosphere, mantle, outer core (liquid) and inner core (solid).

5. Discuss the scenario of an earthquake occurring and label the location of the
epicenter.
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6. Then continue to label the seismic waves:

a. P waves - travel the quickest and can go through the liquid and solid cores.
As they pass through the different mediums, they are defracted.

b. S waves — cannot travel through the light outer (liquid) core, so are deflected.
c. Surface waves — travel slowest and travel only along the crust.

7. Ask the students what they know about each type of seismic wave and record it
in the note taking section. Add in additional information as needed.

Explain | (10 minutes) Earthquakes result in 3 types of seismic waves,
which travel through the earth in different ways.

8. Divide students into three groups and assign each group to be either “P”, “S” or
“Surface” Waves. Ask students to brainstorm how to dramatize how P, S and
Surface waves travel through earth.

9. Share dramatizations with class.

Explore Il (10 minutes) “S” waves (Secondary Waves) are transverse
waves.

10. Divide students into groups of 4 and pass out the ring stand/shoe box model for S
waves to each group.

11. Select a student to read aloud the introduction, and as a class follow along.
12. Teacher models for the students by:

a. Line up the paperclips so all are facing the same direction

b. Let the rubberband and clips come to a rest

c. Gently pluck the rubberband so the clips gently rotate as the “S” wave passes
through them.

d. The motion will travel through from top to bottom, then reverse back to the top.
Clips on opposite ends should rotate in opposite directions and be momentarily
still when the wave is at the opposite end.

13. Students will work with group to create and observe their own models.

Explain Il (5 minutes) “S” waves (Secondary Waves) are transverse
waves which travel through solids.

14. Ask students to describe in writing (notebooks) the motion traveling through the
rubber-band and paperclips and relate it back to an “S” wave traveling through the
earth.
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15. As the students are writing, the teacher collects the models and dispenses the
materials for the Penny Drop section.

Explore Il (15 minutes) “P” waves (Primary Waves) travel differently
through different mediums.

16. Explain to the students that movement of waves through different materials can be
demonstrated using cups with different materials in each cup. Divide students into
groups of 2 and take materials out of the tub (A, B & C cups, fork, 2 pennies, paper
towel)

17. Select a student to read aloud the introduction, and as a class follow along.

Teacher Note: Students need to be cautioned to be extremely careful as this can be an
immensely messy lab if there are spills. The teacher needs to exaggerate the need of
being careful and following directions. The lab will be completed step by step, with all
students following teacher’s demonstrations. Do not let students go ahead of the
teacher demonstrations.

18. Ask students to watch a demonstration of dropping a penny into Cup A (air) by
holding penny 10 cm above the cup . Ask students to drop the penny onto the
circle mark on the bottom of the cup several times and discuss with their partner
their observations and record.

19. Ask students to watch a demonstration of dropping the penny into Cup B (water).
Instruct students to get eye level with water level to watch the movement of the
penny as it reaches this level of “discontinuity”. Ask students to notice the path of
the penny as it travels through the water. Ask students to use a fork to remove the
penny from the bottom by sliding the fork carefully down the side of the cup and
gently lifting the penny out.

20. Ask students to repeat dropping the penny into Cup B several times and discuss
with their partner their observations. Record on lab sheet.

21. Using Cup C, students will make predictions upon the path the penny will travel
through the 2 different mediums and record.

22. Ask students to watch a demonstration of dropping the penny into the cup with
Karo Syrup and water. Remind students to get eye level with cup to watch the
movement of the penny as it reaches the 2 levels of “discontinuity”.

23. Ask students to repeat the demonstration with Cup C. Ask students to notice the
path of the penny as it travels through the cup. Students will use the fork to
remove the penny from the bottom by sliding the fork carefully down the side of the
cup and gently lifting the penny out. Remind students not to stir or mix the liquids
as they remove the pennies.

24. Students will repeat several times and discuss with their partner their observations
and record.
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25. Debrief what happened as the penny travelled through different materials. How
can this model help us understand how earthquake waves travel through the
earth? Chart responses

Explain Il (5 minutes) “P” waves (Primary Waves) travel differently
through different mediums including liquids and solid layers
within the earth.

26. Students will relate, in writing, the refraction of the penny traveling through the
different liquids and compare it to a “P” wave traveling through the layers of the
earth after an earthquake. Complete the prompt: How will different materials
change the movement of the penny. How is this like a “P” wave moving through
the layers of the Earth after an earthquake.

Extend (10 minutes) Primary and secondary waves travel through
Earth’s layers in different ways.

27. Ask students to discuss in their groups how the differences between the traveling
of “P” and “S” waves through different mediums helped scientists to determine the
layering of the earth.

28. Ask students to refer back to their notes on seismic waves to inform their
discussions

Evaluate (10 minutes) Primary and secondary waves travel through
Earth’s layers in different ways.

29. Have students write a short summary describing how “P” and “S” seismic waves
travel through the earth using the following terms: P wave, S wave, Refraction,
Discontinuity, Liquid layers, Solid layers, Earthquake

6.7 Earthquake Waves: Wave Notes: Earthquakes and Volcanoes
#SCIENCE MATTERS



H1

Seismo\og'\s“(:

Earthquakes

| Label the seismic waves on the d’\agram.

2 Noame the seismic waves and how Jrheay move:

O. - : =

b.

Fuap

Eletentary Science Project

6.7 Earthquake Waves: Wave Notes: Earthquakes and Volcanoes
#SCIENCE MATTERS



H2

Seismo\ogis‘\’:

Earthquakes

| Label the seismic waves on Jrhed\agram.
_Epicenter

[ Loaves
(pove Waves

—(Cru st
[ hos phere
+‘C€S’}’hef{los |
2 Name The seismic waves and how They move:
'\ Proaves - Primacyloaves 5 Push -Pull _ %o
D% > YfY\m/t e L)(L&'MS‘I' ; (’a//m Travel 7‘L)’)r’puf‘/¢ /:(ﬁzzcc[
e’ b Q Loaves -Secondary (WJaves; Move Sidclp S

- ! l ¢ ’cl Xe (o0&
- Can’t Frevel thrvugh Jegurd vule
A& C. QILP«(—L’L ce {ﬂaucs - L/wcw'! Longloepe Love lruve

Fusp Mﬂ\/ﬂ ‘H/LE SIDLL)E?-IL} mnl/ﬂl ﬁ/f"ii’l’i(’] '7’{42( ch{.S?L
roit | ocean

Elsrentary Science Project

6.7 Earthquake Waves: Wave Notes: Earthquakes and Volcanoes
#SCIENCE MATTERS



H3

Introduction:
An earthquake occurs when stored up energy in rocks is released in the form of seismic waves. You will get a

chance to make both P & S waves in this activity. Remember, P waves are compression and expansion waves and
S waves are transverse waves.

Studying S Waves (done in table groups):
1. Line up paperclips so they are facing the same direction. I
2. Let the rubberband and clips become still.
3. Gently pluck the rubberband to start the S wave.

Observe the motion of the paperclips and describe in writing the motion
raveling through the rubberband/paperclips and relate it back to an “S”

rave traveling through the earth. (look at the top and bottom clips)

Penny Drop (P Waves)

Introduction:

Andrija Mohorovicic, studying earthquake waves found they were refracted at certain
depths. This meant the wave was bent, just like light refraction6, as it traveled through
different densities. This boundary between different densities is called the Mohorovicic
discountinuity, which is the dividing line between the crust and the mantle. You will be
dropping pennies through different densities in this experiment. First you will see how a
penny is affected by a change of density as you drop it through air and water. Part two of
the experiment you will be dropping a penny through 3 different densities: air, water and
corn syrup.

Studying P Waves (done in partners):

1. Hold the penny about 10 cm above the “A” cup and drop it into the glass to land on the mark.
Repeat several times.

Observations:

2. Do the same procedure for the “B” glass filled with water. Be sure to be eyelevel with the
water. Repeat several times.
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H3b
Observations:

3. “C” glass is filled with water and corn syrup. Make a prediction/illustration where you will
have to hold the penny to hit the circle, and the path it will follow as you drop it.

Prediction:

4. Hold the penny about 10 cm above the “C” cup and drop it into the glass to land on the mark.
Be sure to be eyelevel with the liquids. Repeat several times being very careful when
removing the penny.

Observations:

5. Relate, in writing, the refraction of the penny traveling through the different liquids and
compare it to a “P” wave traveling through the layers of the earth after an earthquake.

6. With your partner, discuss how the differences between the traveling of “P” and “S”
waves through different mediums helped scientists to determine the layering of the earth.

Use your notes on seismic waves to help your discussion.
Evaluate

7. Write a short summary describing how “P” and “S” seismic waves travel through the earth
using the following terms:
a. P wave

d. Discontinuity g. Earthquake
b. S wave e. Liquid layers
c. Refraction f. Solid layers
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