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Introduction to Lesson Plan Assignment

Topic: Dynamics

Subtopics: Linear momentum and its conservation

Level: JC 1 – Average Class 

Duration: 70 minutes
Lesson Objectives

At the end of the lesson, students should be able to:
1. State the Principle of Conservation of Momentum.
2. Explain the meaning of an isolated system.
3. Deduced that the total momentum in an isolated system is conserved in all types of collision (elastic, inelastic and perfectly inelastic collision)
4. Deduced that the total kinetic energy before and after an elastic, inelastic or perfectly inelastic collision is conserved only for elastic collision. 
5. Explain the derivation of Conservation of Momentum, COM, from Newton’s 3rd Law and Impulse.

6. Apply the principle of conservation of momentum to solve simple problems involving collisions in one dimension. (Knowledge of the concept of coefficient of restitution is not required.)
Previous/Prior Knowledge

· Newton’s 3rd Law, Action and Reaction of Forces always have the same magnitude and act in opposite directions 

· Impulse is the integral of a force over the time interval which the force acts. 

· Kinetic Energy of an object is, 
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New Terms
Momentum, Elastic Collision, Inelastic Collision, Perfectly Inelastic Collision, 
Learning Aids/Resources

Pingpong Balls, Rubber Ball, Paper Ball, Balloon Car, Water Boat, Newton’s Cradle, Internet applet, Worksheets
Lesson Plan
	Time
	Description
	Rationale
	Resources

	5min

Cum

Time

(55  
min)


	Lesson Presentation
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Demonstration
[image: image22.png]


Teacher starts by telling them our objective today is to 

“Investigate why the pingpong ball will jump up at different height if drop together with other balls.”
Show two ping pong balls drop onto the ground. Both will rebound at the same height. 

(Assuming that the collision with the ground is elastic)

Ask “If both balls are dropped together with one on top of the other, what is the height of the balls expected?” Get answers from students

Answer: The ball resting on top will rebound at twice the height of the case of dropping the ball alone. 

Now, use a rubber ball and a pingpong ball. Drop both onto the ground. Both will rebound at almost the same height (rubber ball slightly higher) Ask, “Now, if I drop with the pingpong ball on top of the rubber ball, what are the expected heights attained by the balls?” Get answers from students. 
Show demonstration that the pingpong ball will bounce and hit the ceiling. “In today’s lesson, you will learn why the pingpong ball will jump that high.”
[image: image23.png]



	Trigger activity to capture students’ attention. It also demonstrates transfer of momentum between the balls used.


	Two pingpong balls

One pingpong ball and one rubber ball

	2min
Cum

Time

(7min)


	Recapitalization
Revise the concept of Linear Momentum
Momentum is the product of mass ( velocity.

Momentum is a vector.
Units of momentum = Ns or kgms-1

	Linking to previous knowledge is important.
Students learn by constructing knowledge from previous knowledge. (Piaget, 1952) 
	PowerPoint slides

	5min

Cum
Time

(12min)

15min

Cum

Time

(27min)


	Lesson Development

Investigation Momentum in Collisions
Recognize what is an elastic and inelastic collisions
[image: image24.png]


Show students what is an elastic collision. Eg. Billiard balls (almost elastic) , Bowling, 
[image: image2]
Show students what is an inelastic collision E.g. Car collisions.
Show students what is a perfectly inelastic collision. E.g. Shooting of man (Show video)
Show Applet 

Investigation on Conservation of Momentum, COM (Worksheet-Annex A)
(Due to the lack of computers for individual students, teacher will click on the applet and generate information while students collect raw data and calculate themselves. Thereafter, students deduce the concept based on analysis of the data)

Using the applet, teacher varies the velocity and mass of the incoming block while students copy the raw data and make calculations of momentum themselves. 
(Elastic Collision, Inelastic Collision & Perfectly Inelastic Collision)
Students conclude that principle of conservation of momentum applies to all types of collisions.
Introduce the definition of Principle of Conservation of Momentum as
For a collision occurring between object 1 and object 2 in an isolated system, the total momentum of the two objects before the collision is equal to the total momentum of the two objects after the collision. That is, the momentum lost by object 1 is equal to the momentum gained by object 2.
	Van Hiele’s Model of Geometric Thought. (Teppo, Anne, 1991)

Students learn recognition first. Elastic and inelastic collision. 

According to Bruner, students understand better if cognitive development progress from concrete ( iconic (  symbolic 

(J. David Perry, 2002)
Students construct knowledge while doing the worksheet 
This worksheet allows student to discover that the total momentum before and after collision is the same. Then, students deduce the concept of conservation of momentum themselves.

From concrete to abstract, the definition of momentum is introduced. 
	Applet

Internet game
Toy car

Newton’s Cradle
Video

Worksheet

Internet Applet 

	3min

Cum

Time

(30min)


	Introduce the Concept of Isolated System

From the definition of conservation of momentum, the idea of isolated system is introduced to students. Students need to form a concrete idea of what is meant by isolated system. 
Questions that trigger thinking about the concept
“What will happen if I blow a fan at the blue box after collision? Do you think the momentum will be the velocity of the blue box will remain the same as just after collision? What about the momentum then? Is it still the same? For this case, what is the isolated system?
“If I collide a steel ball with another steel ball, but I have a magnet long the path which the balls travel. Do you think the momentum of the balls will remain the same before and after collision? Is this an isolated system?” 


	Students need to know the boundaries and conditions in which a principle applies. Therefore, it is important that they know what an isolated system means.
	Whiteboard
Powerpoint

	5min

Cum

Time

(35min)
	Investigation Energy in Collisions
Investigation on Conservation of Kinetic Energy, COKE (Worksheet-Annex B)

Based on the raw data given the previous worksheet. Student calculate the Kinetic Energy of each box and make deductions for Elastic Collision, Inelastic Collision and Perfectly Inelastic Collisions
Students conclude that Principle of Conservation of Kinetic Energy, COKE, applies only to elastic collision.

	Students discover and construct knowledge while doing the worksheet.

Student to discover that the total kinetic energy before and after collision is the same only for elastic collision. 
	Worksheet

	7min

Cum

Time

(42min)

10min

Cum

Time

(52min)
	Consolidation and Application

Concept Map (Linking Collisions to COM & COKE) See Annex D
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Application and Practice (Annex D)

Show students the necessary steps to solve a typical COM question. Provide scaffolding during process.  

	Watkins & Motimore’s recent study shows current pedagogy emphasizes integrated conceptualization which specifies relations between its elements. (Mary Webb & Margaret Cox, 2004)

Therefore, using a concept map help student to organize their knowledge and how the new knowledge relates to previous knowledge
Students learn better if teaching progress from concrete to abstract. Concrete examples to generalized symbols. 
Test students’ understanding and teach problem solving skills for questions related to COM
	PowerPoint 

Concept Map Worksheet

Worksheet

 

	5min

Cum

Time

(57min)
	Revisiting Demonstration

Show demo of pingpong ball and rubber ball again and ask students to explain the reason behind the observed phenomenon. 
Explanation:  The ping pong ball will fly upwards and hit the ceiling. This is due to the momentum transfer from the orange ball to the ping pong ball. The orange ball has larger momentum even though the speed is the same as the ping pong ball because of its mass. 

New Demonstration of Inelastic Collision using Paper Ball
Ask “If I drop the ping pong ball with a paper ball instead, what is the expected height?”
Both balls will rebound with almost no height due to perfectly inelastic collision.


	Test students understanding and generalize the concepts learn. 

	One ping pong ball and one rubber ball
Paper ball and ping pong ball

	5min

Cum

Time

(62min)


	Linking Momentum (New) to Previous Knowledge
Investigating the relationship between Newton’s 3rd Law, Impulse & COM
Based on Newton’s 3rd Law and Impulse, derive the conservation of momentum equation.
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By Newton’s 3rd Law              
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	Watkins & Motimore’s recent study shows current pedagogy emphasizes integrated conceptualization which specifies relations between its elements. (Mary Webb & Margaret Cox, 2004)


	PowerPoint

	5min

Cum

Time

(67min)


	Lesson Closure

Summary of Lesson Concepts

Posed questions to students on what concepts were learn. 
Ask them to reflect on the most important concept learn and the relationship with previous knowledge. 


	
	PowerPoint

	3min

Cum

Time

(70min)


	Extension Questions for Challenge
Misconceptions in Films

Can a man really fly off after being shot by a gun?

[image: image10]

	To challenge students to explore more than what curriculum is covering. 
	Video



	Extra

Time
	If there is time…else homework
Earth and Cannon ball question?
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If a cannon on the surface of the Earth fired a cannon ball perpendicular to the surface (as in the diagram), what will happen to Earth? Why don’t we feel anything on Earth?
Derive that the Relative velocity of approach = Relative velocity of separation
Solve COM and COKE to arrive at this formula,
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Hint:  Factorise    
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Investigating Momentum in Collisions

[image: image13]
	Elastic Collision

	Before Collision
	After Collision

	
	
	pR of red block
	
	
	pB of blue block
	Total Momentum, pT
	
	
	pR of red block
	
	
	pB of blue block
	Total 
Momentum, pT

	m1/kg
	v1/ms-1
	m1v1/Ns
	m2/kg
	v2/ms-1
	m2v2/Ns
	(m1v1+ m2v2) /Ns
	m1/kg
	v1/ms-1
	m1v1/Ns
	m2/kg
	v2/ms-1
	m2v2/Ns
	(m1v1+ m2v2) /Ns

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Compare the total momentum before and after every collision. What can you say about the values?__________________________
This is an observation of the Principle of ___________________________________________________________



Do you think this will be the same case for  perfectly inelastic collision?

[image: image14]
	Perfectly Inelastic Collision

	Before Collision
	After Collision

	m1/kg
	v1/ms-1
	m1v1/Ns
	m2/kg
	v2/ms-1
	m2v2/Ns
	(m1v1+ m2v2) /Ns
	(m1+ m2)/kg
	v3/ms-1
	(m1+ m2)v3 /Ns

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Compare the total momentum before and after collision. What can you say about the values?_______________________________
Therefore, the principle of ________________________________________ applies to ____________________________________

Investigating Energy in Collisions
Refer to the applet again. Based on your previous worksheet values, calculate the kinetic energy (KE) before and after collision, 

	Elastic Collision

	Before Collision
	After Collision

	m1/kg
	v1/ms-1
	0.5m1v12/J
	m2/kg
	v2/ms-1
	0.5m2v22/J
	KE1 + KE2 /J
	m1/kg
	v1/ms-1
	0.5m1v12/J
	m2/kg
	v2/ms-1
	0.5m2v22/J
	KE1 + KE2 /J

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Compare the total kinetic energy before and after every collision. What can you say about the values?__________________________

This is an observation of the Principle of ___________________________________________________________


Do you think this will be the same case for inelastic collision?

	Inelastic Collision

	Before Collision
	After Collision

	m1/kg
	v1/ms-1
	0.5m1v12/J
	m2/kg
	v2/ms-1
	0.5m2v22/J
	KE1 + KE2 /J
	(m1+ m2)/kg
	v3/ms-1
	0.5(m1+ m2)v32 /J

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Compare the total kinetic energy before and after every collision. What can you say about the values?__________________________

Does the Principle of ____________________________________________________apply to inelastic collisions?

	 Perfectly Inelastic Collision

	Before Collision
	After Collision

	m1/kg
	v1/ms-1
	0.5m1v12/J
	m2/kg
	v2/ms-1
	0.5m2v22/J
	KE1 + KE2 /J
	(m1+ m2)/kg
	v3/ms-1
	0.5(m1+ m2)v32 /J

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Compare the total kinetic energy before and after every collision. What can you say about the values?__________________________

Does the Principle of Conservation of Kinetic Energy apply to perfectly inelastic collisions?

Conclusion
Therefore, the Principle of ______________________________________________applies to _____________________________________

Application and Practice 

Question 1
a)  A 5 kg ball moving to the right with speed 5 m s-1 collides head-on with a 1 kg ball moving with speed 2 m s-1 also to the right. After the collision, the 5 kg ball continues to move in the same direction but with a speed of 3 ms-1. Determine the velocity of the 1 kg ball.
· Draw diagrams first. 

· [image: image26.jpg]


Assume direction to the right or left as positive 

· Start with Conservation of Momentum equation. 

b)  If initially the 1 kg ball is moving to the left instead with the same speed, what will its velocity be after the collision if the speed of the 5 kg ball is 

i. 3 ms-1 to the right?

ii. 4 ms-1 to the right? Comment on this answer.

Questions 2
A rifle fired a round with velocity of 600 m s-1. If you are holding on to the rifle, you will feel a strong recoil by the rifle. What is the recoil velocity of the rifle? 
Weight of rifle = 5kg. Weight of each round = 0.1kg.
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What if the rifle fires six rounds instead? What is the final velocity of  the rifle?
Concept Maps
Collisions
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