
LESSON 3: Do harder objects also bend during a collision?

PREVIOUS LESSON We considered what happened to the motion and shape of objects when they collided. We investigated what happened by observing objects before and after
collisions, watching collisions using slow-motion video, and noticing patterns in our data.

THIS LESSON 
 

INVESTIGATION 
 

1 day 
 

 

We analyze slow-motion videos of different objects colliding. Using reflected laser light, we carry out an
investigation to determine if seemingly rigid objects like glass or the table actually bend when contact
forces are applied to them. We argue from evidence that rigid objects can also bend or change shape when
contact forces are applied to them.

NEXT LESSON We will analyze images from load testing a concrete beam. We will plan and carry out an investigation into the relationship of contact force strength vs. the
amount of material deformation. We will construct graphs of our data and compare them to those from other materials tests. We will develop a model to
explain and represent the elastic and non-elastic behavior of all solid objects.

BUILDING TOWARD NGSS 
 

MS-PS2-1, MS-PS2-2 
 

WHAT STUDENTS WILL DO 
 
Analyze and interpret data to provide evidence that seemingly rigid objects bend or change shape (stability and change--effect) during
collisions and when contact forces are applied to them (cause).
 
WHAT STUDENTS WILL FIGURE OUT 
 
Rigid objects bend or change shape in a collision when contact forces are applied to them.



Lesson 3 • Learning Plan Snapshot
Part Duration Summary Slide Materials

1 8 min NAVIGATION
Ask students to recall examples from the previous lesson of objects that bent during (or from) a collision and to make
predictions about whether rigid objects bend or change shape in collisions.

A-B class word wall, chart paper,
markers, computer,
projector,

2 12 min ANALYZE VIDEO CASES AND ARGUE FROM EVIDENCE
Analyze five slow-motion videos showing different collisions between cars, a golf ball and a golf club, a bat and a baseball,
and bricks and a hand. Discuss how this data informs the claims we can make related to our previous question.

C-D computer, projector,

3 12 min PREDICTING AND TESTING OUR PREDICTIONS FOR A PIECE OF GLASS AND A TABLE TOP
Record predictions for whether a piece of glass and a classroom table top will bend when contact forces are applied to
them. Collect data on how laser light reflected off their surfaces is affected when an object is dropped onto them and
when a static weight is placed on them.

E-F computer, projector, poster
paper, pencil, tape,
Reflected Laser
Investigation

4 7 min UPDATE PROGRESS TRACKERS AND INTRODUCE EXIT TICKET
Update individual Progress Trackers. Discuss whether the findings from class can be generalized to claim that applying any
amount of force to any solid object would cause it to bend. Brainstorm ways to design an investigation to test this.

G-H computer, projector,

End of day 1



Lesson 3 • Materials List
per student per group per class

Reflected Laser Investigation materials reflected laser investigation materials

Lesson materials science notebook class word wall
chart paper
markers
computer
projector
poster paper
pencil
tape

Materials preparation ( minutes)
Review teacher guide, slides, and teacher references or keys (if applicable). 

Make copies of handouts and ensure sufficient copies of student references, readings, and procedures are available. 

Test these videos ahead of time:
https://www.youtube.com/watch?v=FHiCTimtPhQ (full video)
https://www.youtube.com/watch?v=6TA1s1oNpbk (0:45 to 0:60)
https://www.youtube.com/watch?v=QFlEIybC7rU (2:22 to 2:50)

Reflected Laser Investigation
Group size: Your class should work in groups of 2.
Setup: Set up the laser on a ring stand on a rolling cart and the materials you are going to shine the laser on as shown in https://www.teachersopensciedfieldtest.org/contact-
forces . Watch this video to see the results that your testing of these materials should generate when you do this investigation live with the class.

The materials needed for the building the cart with the laser mounted on a ring stand:
rolling cart
ring stand
test tube clamp
laser pointer
clothespin
optional: box to raise the height of the ring stand

The materials needed for the bending test table:
classroom lab table
sponge
3 pieces of flexible stick-on mirror material
2 bricks
rectangular piece of glass (~12” long)
a cup half-filled with rocks
golf ball
hardbound book

Additional materials needed for the wall that the laser dot will be reflected on:
poster paper
tape
pencil or marker

https://www.youtube.com/watch?v=FHiCTimtPhQ
https://www.youtube.com/watch?v=6TA1s1oNpbk
https://www.youtube.com/watch?v=QFlEIybC7rU
https://www.teachersopensciedfieldtest.org/contact-forces


Safety: One should exercise the same safety precautions around lasers as with any other power tool or electrical device, paying special attention to eye safety. Never point a
laser in someone's eyes-- even low-power, handheld units can cause eye damage due to the focusing effect of the lens in the eye. Have students stand out of the path of the
laser. Glass can shatter easily if too much force is applied to it and it is bent too far. Do not drop the golf ball onto the glass from more than a height of 2 inches. Do not place
more than half a cup of sand, rocks, or washers in the middle of the glass. Wear cut-resistant gloves when handling glass.
Disposal: None.
Storage: Make sure to unclip the laser and turn it off to avoid draining its battery between each lesson.



Lesson 3 • Where We Are Going and NOT Going

Where We Are Going

Prior to the middle school grade band, students often encounter the idea that solids are defined as matter that holds its shape, as opposed to liquids, which take the shape of their
container, or gases, which fill a volume. This may lead them to categorize solids into two categories: solid or stiff objects that aren’t elastic and elastic objects like rubber bands or springs.

Many solid objects are so rigid they don’t appear to be elastic at all when small forces are applied to them. However, all solid objects are elastic up to a point. In some cases, the scale is
so small, it can only be detected with special measurement devices.

This idea is one that students will start to develop across this lesson and the next. It will help explain why solids hold their shape. It will also provide a mechanism to explain why
inanimate objects push back (or pull back) on anything that pushes on them (or pulls on them). This will be needed to help students develop a mechanism to explain what causes
Newton’s third law, which is something they will explore in later lessons.

Where We Are NOT Going

We are not trying to distinguish between elastic and inelastic collisions. In the next lesson, we will introduce the word “deformation” to describe the different types of shape changes an
object can undergo (both temporary and permanent deformation). When a material encounters an external force, it experiences internal resistance to the deformation and restores itself
to its original state if the external force is no longer applied. We are not trying to help students understand what the source of that internal resistance is (e.g. inter-particle level forces).
These ideas are beyond the focus of this grade band.



8 min

LEARNING PLAN for LESSON 3
1 · NAVIGATION
MATERIALS: science notebook, class word wall, chart paper, markers, computer, projector

Connect to the prior lesson. Show slide A. Read through the text at the top of the slide and the questions below. Give students two to
three minutes to talk with their partners about the questions on the slide.

ADDITIONAL
GUIDANCE

Students have been working with the idea of objects “bending” in the previous lesson. In the next lesson,
the word “deformation” will be introduced and will be used to describe any bending or shape changes in an
object.

Bring the students back together and discuss the first question:

Suggested prompt Sample student response

What were some examples of the objects that we saw bending during
a collision?

Accept all responses.

Bridge to the second question by saying, So we know it must have bent because something pushed on it and the thing that pushed on it must
have been what it made contact with during the collision. Move on to the third question.

Suggested prompt Sample student response

What were some examples of the objects that we didn’t see bend
during a collision?

Accept all responses.

Why? Accept all responses.

Do rigid objects bend during a collision? Accept all responses. Students will likely say it depends on other
factors and/or there will be some controversy or uncertainty.

Say, We didn’t see any evidence of rigid things like the glass marble or the golf ball bending or changing shape during the collisions in the previous
lab. But during a collision, things that hit into each other are making contact for a pretty brief period of time. Do you think those materials we didn’t
see bend with our own eyes are actually are bending, but it’s just really hard to see? Do you think you would see things like glass, steel, or golf balls
bend when something pushes on them in a collision if you could zoom in really close or slow time way down?

Give students a minute to turn and talk. Have students share their predictions. Bringing up areas of controversy around this is key to
helping students realize that we have a question to resolve.

Emphasize that it sounds like this is something we will need to collect more data on. Tell students you have some different resources we
could use to do this.

✱✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING SCALE,
PROPORTION, AND QUANTITY
 
This emphasis on needing to adjust time
scale to see something that we didn’t
notice before will help foreground the
cross-cutting concept of scale. It will also
help students recognize that phenomena
observed at one scale may not be
observable at another scale, and the
function of natural and designed systems
may change with scale.



12 min

12 min

Remind students, When we changed the time scale and looked at slow-motion video of collisions in the previous lab, like the golf ball being
dropped onto a CD case, it helped us see one of the things bending we didn’t see before. So let’s get ready to analyze some slow-motion videos
showing some of these objects and other things like glass, steel, wood, and brick during collisions. These videos might provide us with additional
evidence to figure whether or not rigid objects bend or change shape during a collision.✱✱

Set up data collection tables. Show slide B. Give students a minute to set up their data collection tables in their notebooks as shown on
the slide.

2 · ANALYZE VIDEO CASES AND ARGUE FROM EVIDENCE
MATERIALS: science notebook, computer, projector

Present and analyze the videos. Show slide C. Tell students you will show each 15-second video clip twice and give them a minute
afterwards to write down their observations before you show the next video clip.

Play each of these videos twice with no audio for the length of time specified.
Video A (Show the full video clip): https://www.youtube.com/watch?v=FHiCTimtPhQ
Video B (Show only from 0:45 to 0:60): https://www.youtube.com/watch?v=6TA1s1oNpbk
Video C (Show only from 2:22 to 2:50): https://www.youtube.com/watch?v=QFlEIybC7rU

Give students an additional minute to finish writing their observations after showing all the videos.

Discuss class findings. Show slide D and discuss the question on it as a class. Students will quickly come to consensus on the claim that
many objects harder than the ones we tested in lab do indeed bend in a collision. However, there might be some disagreement about
whether all solid objects bend or if they bend in every collision.

If these ideas come up in discussion, encourage students to think carefully about the ideas. Say, Let’s work with that a bit. These are
interesting questions. Let’s talk about it more in our groups.

If students do not bring up these questions, you can introduce them now by saying, We’ve seen contact forces in a collision can cause many
things to bend that we might not have initially predicted would. This has me wondering if every solid object might be bending in a collision--it's just
happening at a scale that is often too hard for us to see. If we are going to figure out why something like a glass screen breaks in some collisions and
not others, maybe we should also be trying to figure out if it bends in those cases, too. Let’s make predictions about these questions with a partner.

3 · PREDICTING AND TESTING OUR PREDICTIONS FOR A PIECE OF GLASS AND A TABLE TOP
MATERIALS: Reflected Laser Investigation, computer, projector, poster paper, pencil, tape

Discuss predictions with partners. Show slide E. Give students a few minutes to turn and talk with a partner about their predictions.

Introduce how the equipment detects shape changes. After that time, don’t have students share their predictions with the whole group.
Instead, hold up a sponge and a mirror and then point to the top of the table at the front of the room as you say, I have a sponge which
we have seen bend from contact forces in a collision. I also have a piece of glass and we have the table at the front of the room. Both of those are
things we have not seen any evidence of bending or compressing or changing shape due to contact forces. But I have another tool we can use to
detect really small changes in the shape of an object, so we can see if an object bends when we put a contact force on it. It uses a mirror and laser to
magnify any time the surface of an object shifts direction.✱✱ Let’s try it on the sponge first so we can see how it works and then we can see if it does
something similar or different with this piece of glass or the table.

Show slide F. Have students leave their notebooks at their desks and gather in a circle around the table at the front of the room.

✱✱ SUPPORTING STUDENTS IN
DEVELOPING AND USING SCALE,
PROPORTION, AND QUANTITY
 
This emphasis on needing to use a
specialized instrument to detect changes
happening at a scale we can’t see directly
with our eyes will again help emphasize
the cross-cutting concept of scale. It will
also help students recognize that
phenomena observed at one scale may not

 

https://www.youtube.com/watch?v=FHiCTimtPhQ
https://www.youtube.com/watch?v=6TA1s1oNpbk
https://www.youtube.com/watch?v=QFlEIybC7rU
https://www.teachersopensciedfieldtest.org/contact-forces


The steps outlined below are demonstrated in https://www.teachersopensciedfieldtest.org/contact-forces for your reference. Follow
similar steps when you demonstrate this equipment with students.

Place the flexible stick-on mirror material, bricks, sponge, and piece of glass between the center of
the table and its edge. You will get better results from the table demonstration if the mirror isn’t
set in the center of the table.

Go over to the laser cart and turn on the laser by clamping the clothespin down over the “on”
button.

Move the cart so that the laser dot is hitting the sponge on the table.

Put a piece of the stick-on mirror material on one half of the sponge. Show that when you push on the sponge, the stick-on mirror
material remains stuck to the surface and moves with it, tilting a different way depending on how the shape of the surface changes.
Adjust the sponge so that the laser is shining on the stick-on mirror material. The reflected laser dot should appear on the opposite
wall on or near the poster paper you put up ahead of time. Move the poster paper if needed so the reflected laser dot shows up on
it.

Encourage students to line up along the path of the reflected laser light so everyone can see the dot on the poster paper. Tell them
to be careful not to block the laser light for the next tests. Explain that you are going to push on the sponge to make its surface bend
and change shape and you want them to watch what happens to the dot. Push down on the sponge with your hand. Ask students
what happens to the reflected laser dot. Students should say they see it move.

be observable at another scale, and the
function of natural and designed systems
may change with scale.

https://www.teachersopensciedfieldtest.org/contact-forces


Ask students whether it would move if you dropped something on it and why. Also ask if they expect it to move if you put a weight on
top of the sponge. Students will predict “yes” in both cases.

Demonstrate how the sponge and reflected laser dot respond to other contact forces.

Demonstrate both cases, first by dropping a golf ball on top of the sponge. Make sure you drop it
to the side of where the laser beam is shining so as not to have it fall or bounce up through its
path. Have students describe what happened to the laser dot on the wall when you did this. They
should say it moved.

Next, put a weight on the sponge. Ask students what it did to the sponge. Students should say it
made the dot move. Ask them what the downward push from the weight did to the shape of the
sponge. Students should say it bent or compressed it.

Use the equipment to test a new system (the piece of glass). Ask students to extend what they saw to explain how this method can be
used to see if glass bends or changes shape.

Suggested prompt Sample student response

So what does the laser dot do when the mirror moves or tilts? It shifts position.

So if we try to push on a piece of glass or the table by dropping
something on it or resting a weight on it, what would we see happen to
the laser if the surface bends or changes shape?

It will shift position.

What if it doesn’t bend? The dot won’t move.



Shift the laser or the bricks and glass so the dot is now hitting the flexible stick-on mirror material
on the glass suspended across the two bricks. The laser dot should be bouncing off the stick-on
mirror material and showing up on the poster. Smooth out the stick-on mirror material if the dot
isn’t concentrated in one spot on the paper.

From 1-2 inches above the glass, drop a golf ball on the side of the glass that is out of the way of
the beam of the laser dot. Make sure not to drop it from a height greater than 1-2 inches to avoid
shattering the glass. Have students describe what happened to the dot.

Emphasize that this might be evidence of it bending or it just might be evidence of the mirror and
glass bouncing a bit. Say that keeping the mirror and glass from bouncing might help us better
determine if the glass is actually deforming. Have a student mark the bottom edge of the laser
dot. Explain that this is so we can see if it moves from that position after we put something on
top of the glass.

Place a cup half-filled with rocks in the middle of the glass but out of the way of the laser beam.
Have a student mark the bottom edge of the laser dot and report if it moved from the previous
position. They should say yes.



Now remove the cup, glass, and bricks, and line up a piece of stick-on mirror material so that it is in line with the laser dot on the
desk.

Use the equipment to test if bending occurs on the surface of a table.

Smooth out the stick-on mirror material if the dot isn’t concentrated in one spot on the paper.

Pick up a textbook,hold it 3+ feet above the top of the desk, and then let it drop on a spot near the
middle of the table but not in the path of the laser light. Have students describe what happened
to the laser dot on the wall when you did this. They should say it moved.

Now say that you are going to put some weight on the table. Have a student mark the bottom
edge of the reflected laser dot on the poster paper on the wall before you do.



7 min

Sit on the edge of the table, near the middle but not in the path of the laser light. Have students
mark the position of the bottom of the reflected laser dot and ask them if it moved.

Hop off the table.

Sit back down on the table. Continue hopping on and off the table until you get confirmation from the students that the reflected
laser dot moved up and down on the poster paper as you added your weight on top of the table and then took it off.

Have students return to their seats to record their discoveries individually. Remove the three pieces of flexible stick-on mirror material
from the sponge, glass, and table and save them to reuse for the next class.

4 · UPDATE PROGRESS TRACKERS AND INTRODUCE EXIT TICKET
MATERIALS: science notebook, computer, projector

Update Individual Progress Trackers. Show slide G. Provide time for students to record what they figured out in their individual Progress
Tracker. While their responses could provide a useful formative assessment opportunity, consider having students do the optional home
learning or exit ticket to gather a related set of data (evidence of student engagement in the lesson level performance expectation).

Tell students, Remember we have a Progress Tracker. It is designed to help us keep track of ideas we figure out from each lesson. In the “What I
figured out” column, you can draw pictures,write in words, or use bullet points--whatever way is most meaningful for you. Take 3 minutes to think
about what you figured out during this class. You can draw from anything we’ve done so far.

✱✱ ATTENDING TO EQUITY
 
This tracker serves as teacher guidance for
what students might say at various points
throughout the unit; however, some
students may say more and others may say
less. It is important that what the students
write in the two-column tracker reflects
their own thinking at that particular
moment in time.



By having no structured box, students can take up a lot of space or a little space. Whenever students are finished, they should draw a line
after their work to make space for the next time a teacher instructs them to write in their tracker.

The example Progress Tracker for this lesson has been completed with possible student ideas:

Question What I figured out in words/pictures

Do rigid objects bend when a
contact force is applied to them?

Rigid objects like a golf ball or glass bend when
a force is applied to them.
You might not be able to see the bend
happening in rigid objects when something
pushes on them, but it is still there. It is just very
small, or it is happening very fast (like in a
collision).

Optional: Introduce the home learning or use as an exit ticket.

Show slide H. Adjust the directions and title on the slide to frame it as home learning or an exit ticket as you see fit. If time is
short, use this as an entrance ticket next time. The first question is designed to help navigate to the next lesson and will generate

some controversy and/or competing predictions. The responses to the second and third questions provide another formative
assessment opportunity aligned to the lesson level performance expectation.✱✱

ASSESSMENT
OPPORTUNITY

The lesson level performance expectation is targeted at the analysis and interpretation of the two forms of
data that students worked with today. In the response to question 2, look for students to refer to either the
patterns they saw in the slow-motion videos (visible bending and shape changes during contact in slow
motion) and/or the patterns they saw in the shift in the reflection of the laser dot when contact forces were
applied to the glass and/or table top. Look for the application of either of these ideas (or a new one) in the
response to question 3. That response should be connected to a way to determine whether bending or
shape changes in the object are occurring on a small scale or really quickly when a small amount of force is
applied to an object (as seen in the collection of slow-motion videos and/or the measurement of reflected
light). Students may suggest additional methods as well.


