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Instructional Component Used: Newton’s Laws of Motion

Grade Level: Grades 2-4

Content (what is taught):

· Define terms such as: force, inertia, friction, and acceleration

· Newton’s Three Laws of Motion

Context (how it is taught):

· View the interaction between bouncy balls and discover Newton’s Three Laws of Motion
· Play a teacher directed CEENBoT game and explain how Newton’s Three Laws of Motion are applied during the game
· Develop a student developed CEENBoT game and explain how they applied Newton’s Three Laws of Motion during their own game

Activity Description:

Students will view the motion interaction between three bouncy balls.  The teacher will direct a discussion using the bouncy balls to explain Newton’s Three Laws of Motion.  Next, students will play a teacher developed game in which they use a CEENBoT to push a balloon out of a square while contending with another CEENBoT for the balloon.  The students will then discuss how Newton’s Three Laws of Motion were used during the game. Finally, students will develop their own CEENBoT game using recycled materials.  They will instruct other students on the rules of their game and then explain how they utilized Newton’s Three Laws of Motion in the game. 

Standards: 
Math: MA1





Science: SB1, SB3
Technology: TA1




Engineering: EA2, EA3
Materials List:

· Three bouncy balls (2 larger and 1 small)

· CEENBoT per student team

· Masking tapeasking tape

· Balloons

· Meter stick/Ruler

· Clean recyclable materials collected at the school (plastic milk bottles, cardboard juice boxes, lids from milk bottles, cardboard boxes … )

Asking Questions: (Talking Trash)
Summary: The instructor uses interactions between bouncy balls to explain Newton’s Laws of Motion and how they apply to moving objects in various situations.
Outline:

· Use three bouncy balls (2 large and 1 small) to demonstrate various interactions of motion

· Use leading questions to explain Newton’s Laws of Motion. 

Activity:  Use the various interactions between two large bouncy balls and one small bouncy ball to explain Newton’s Three Laws of Motion. 

Newton’s Third Law of Motion:  Throw two large bouncy balls at each other and observe what happens

Newton’s First Law of Motion:  Begin by having a bouncy ball sitting on the floor, then, roll the bouncy ball across the floor

Newton’s Second Law of Motion:  Roll a larger bouncy ball and a small bouncy ball at a second larger bouncy ball and observe what happens. 
Then ask the following questions:

	Questions
	Answers

	What happened when the two large bouncy balls hit?
	They went in opposite directions.

	Why did this happen?
	They both applied a force to each other in the opposite direction.  This is Newton’s Third Law.  Provide other examples such as a person presses down on a chair but the chair presses up on the person in an equal but opposite direction.

	Why is the ball remaining still on the floor?
	The forces on it are balanced or equal, which causes the object to remain at rest.

	What happened to the ball as it was rolled along the floor? What would happen to the ball if it was rolling in outer space?
	The ball slowly came to a stop, but if it was in outer space the ball would keep rolling and rolling as there is no friction to slow it down.

	What is Newton’s First Law after observing the ball sit on the floor and roll?
	An object at rest will remain at rest and an object moving will continue moving unless acted upon by an unbalanced force.

	What was observed to be different about the larger bouncy ball vs. the smaller bouncy ball rolling into the second large bouncy ball?
	The larger one had a great impact or force than the smaller bouncy ball.

	Why does the larger bouncy ball have a greater force than the smaller bouncy ball? How could we change this, so that the smaller bouncy ball has a greater force?
	The larger bouncy ball carries a greater mass causing it to have more force.  The way to give a smaller bouncy ball a greater force would be to increase its acceleration.  This is Newton’s Second Law of Motion: Force = mass*acceleration.


Exploring Concepts: (Talking Trash)

Summary: Students will play a simple CEENBoT game by pushing a balloon out of a square and discuss how Newton’s Three Laws of Motion apply to the game components.
Outline:

· Tape a 3 x 3 meter square on the floor

· Allow students to attach a ruler to a CEENBoT

· Play a simple game of knock the balloon out of the square

· Allow students to suggest ways to increase the challenge of the game

· Relate the components of the game to Newton’s Three Laws of Motion

Activity:  Use masking tape to create a square on the floor that is 3 meters on each side.  Divide the class into two teams.  Allow each team a few minutes to attach the ruler (two different colors) to the CEENBoT any way they think will be the most efficient at batting a small balloon outside of the circle.


Put the CEENBoTs in the center of the square.  The team that hits the balloon out of the square gets one point (specifically the team of the last robot to touch the balloon before it leaves the square gets the point).  Teams line up and change drivers approximately every minute (when the teacher calls time).


Allow students to implement suggestions for ways to change the game to make it more challenging or interesting and as long as both teams agree on the rule changes and the change is reasonable.  


Have the students sit in a circle after all the students have had an opportunity to drive the CEENBoT.  Discuss how Newton’s three Laws of Motion apply to the game.  For example, the balloon has a very low mass so a small force is required to move it (apply to Newton’s Second Law of Motion).  Continue the discussion by having students provide examples of familiar human games such as football, baseball, checkers, bowling…etc. and practice applying the laws of motion to the objects involved in playing those games.

Materials:

· 2-3 CEENBoTs

· Masking tape

· Balloons
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Instructing Concepts: (Talking Trash)

Newton’s 1st Law of Motion

Putting “Newton’s 1st Law of Motion” in Recognizable Terms:  Newton’s 1st Law of Motion states that an object at rest tends to stay at rest and an object in motion tends to stay in motion unless acted on by an unbalanced force.  This means that an object that is moving will continue to move unless something (a force) acts to change that motion and an object that is at rest will stay at rest unless something (a force) acts to change it.

Putting “Newton’s 1st Law of Motion” in Conceptual Terms:  Newton’s 1st law basically says that an object will continue doing what it is doing if nothing else changes.  It is often called the law of inertia.  Inertia means the resistance an object has to a change in its state of motion.

Putting “Newton’s 1st Law of Motion” in Mathematical Terms: Newton’s 1st law has mathematical implications concerning the forces that are acting on the object.  Since an object in motion wants to remain in motion it will take a force applied in the opposite direction to slow the motion. An object at rest wants to stay at rest so it will take a force to start the object moving.  

Putting “Newton’s 1st Law of Motion” in Process Terms:  Thus, because of Newton’s 1st law of motion, we know that it takes a larger force to change the motion of an object than to just maintain the motion.  The implication is that it takes more energy input to change the motion of an object.  

Putting “Newton’s 1st Law of Motion” in Applicable Terms:  Newton’s first law is possibly easiest explained by these two cases.  1) A moving object will continue its motion is evident when you hit the brakes in your car. Your body’s tendency is to continue forward at the same speed and direction as it had before the brakes were applied. Your body will continue to move with a constant velocity unless your seatbelt creates a force that restrains your movement.  2) An object at rest will remain at rest is evident when you attempt to move a heavy object.  To get the object moving you will have to apply a force to the object that is greater than the sum of all frictional and resistance forces. This creates a non-zero net force or what can be referred to as an unbalanced force. An unbalanced force causes acceleration and the object will change its velocity.
Organizing Learning: (Talking Trash)

Summary:  Students will work in teams to create a game using CEENBoT(s), which also applies Newton’s Three Laws of Motion. 

Outline:

· Develop a game using recycled materials

· Write a paragraph explaining the rules of the game

· Explain how Newton’s Three Laws of Motion were applied during the game

Activity:  In teams of 2 to 4, students should create a game with the CEENBoTs using recycled materials.  The students will write a paragraph that explains the rules of their game and practice playing their game.  They, also, must be able to describe one way that each of the three laws of motion applied to the objects used in the game.


Each team of students may use any of the clean, dry recycled materials to create their game.  Students can replicate a game they already know, or create an entirely new game but all the game materials must use some of the recycled materials provided and two or more CEENBoTs in play.  Allow students to set up their games and take turns trying out the games created by other 

teams.  After playing, select any one of the games and have those students explain how each of the three laws could be applied.  For example, one student created a game called ‘Bowling with Bottles.’  The players had to invent something that the CEENBoT could use to hit a ball with enough force and accuracy to move at least one meter and knock down as many empty, plastic milk bottles as possible.   


First Law:  Due to inertia, the bottles will not move until an unbalanced force is applied 
to them.


Second Law: The milk bottles have a small mass so a small force will be required to  
move them. 


Third Law:  The ball exerts a force on the bottles, and the bottles exert a force on the ball.
Materials:

· Class Set of CEENBoTs

· Various recycled materials

· Tape

Understanding Learning: (Talking Trash)

Summary:   Recall and apply Newton’s Three Laws of Motion.

Outline: 

· Formative Assessment of Newton’s Laws of Motion

· Summative Assessment of Newton’s Laws of Motion

Activity: Students will complete written assessments related to all three of Newton’s laws of motion.

Formative Assessment: As students are engaged in the lesson ask these or similar questions:

1) Can students define terms such as: force, inertia, friction, and acceleration? 

2) Are students able to determine if a larger or smaller force is needed based on the mass and acceleration of an object?

3) Were students able to identify which law was being applied in the CEENBoT games or real life examples?

Summative Assessment: Students can complete one of the following writing prompts:

1) In football, typically defensive players or tacklers are hired based on their size.  Why is this? Which of Newton’s Three Laws of Motion are being applied by recruiters when they pick these defensive football players?  Is there any other factor the recruiters should take into account other than size? 

2) Explain Newton’s Three Laws of Motion in your own words.  Use a real life example for each.
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