1
Instructor’s Name:

Course Title: Physics
Unit: Conservation of Momentum
Topic: Elastic and Inelastic Collisions
Grade Level: High School, 11-12

Rationale: What happens when cars crash? Apply the conservation of momentum.
NJ State Standards: 

· 5.1.12. A.2; Develop and use mathematical, physical, and computational tools to build evidence-based models and to pose theories. (2009)

· 5.1.12. D.4; Measure quantitatively the energy transferred between objects during a collision. (2009)

Instructional Goals: Students will restate the definition of momentum. Students will be asked to describe the principle of conservation of momentum in collisions. By the end of the lesson, students will quantitatively evaluate outcome velocities of elastic and inelastic collisions. 

Performance Objective: All students will distinguish between elastic and inelastic collisions through the individual use of a computer applet and after viewing a demonstration with lab equipment. Students will be able to calculate the resulting velocity of an inelastic or elastic collision using the conservation of momentum formulas when assigned problems as an evaluation activity.
Lesson Content: 

· Derivation of conservation of momentum using conservation and momentum definitions. 
· Demonstrate elastic and inelastic collisions using PASCO laboratory equipment. 

· Apply understanding between collision types using Java applet software. 

· Evaluate collision scenarios and apply conservation of momentum to determine unknown resulting velocity (or velocities) from collision. 
Lesson Time Frame:

	Time Frame of Activity
	Activity to be Performed

	0-3 minutes
	Focusing Activity 

	5-10 minutes
	Bridge/Connections

	10-20 minutes
	Visual Demonstration 

	20-25 minutes
	Assessment Activity—Applet 

	25-44 minutes
	Assessment Activity—Practice Problems

	45-50 minutes
	Closure Activity


Instructional procedures:

A. Focusing event  

Ask to students the following questions:

· Did you ever ride bumper cars or witness a car crash? 
· What happens when two things collide and bounce off of each other? 
· What happens when two things collide and stick together?
B. Bridge/ Connections 
 Students derive the concept of conservation of momentum using definitions of momentum and conservation. Students will be asked to compare quantities in the momentum equation (mass, velocity) and should deduce that the momentum from inelastic and elastic collisions is conserved. Instructor will confirm the conservation of momentum definitions for each collision. The conservation of momentum is applied to car collisions.  
C. Teaching procedures 

1. Students participate in group discussion to identify conservation of momentum principle and consequences.
2. Visual Demonstration
a. Instructor illustrates elastic collisions using laboratory equipment and relates it to bumper cars. 

b. Instructor also illustrates inelastic collisions using laboratory equipment. 

c. Each of the colliding objects has momentum. Instructor identifies mathematical representation of the momentum before and after the collisions. 
3. Engagement and Assessment 
a. Students will independently work on the collisions applet using computers in lab classroom. If there are not enough computers in lab, work in pairs. 
b. Students will individually evaluate collision scenarios and apply conservation of momentum to determine unknown resulting velocity (or velocities) from collision through practice problems. 
D. Formative check
1. Through student participation, members of class will discuss definitions of momentum and conservation.

2. The applet consists of multiple choice questions that evaluate the student’s understanding of types of collisions.  

3. Students will be individually asked to qualitatively and quantitatively distinguish elastic from elastic collisions.

E. Student participation- how will you get the students to participate?

1. What will students do to demonstrate their learning?

a. Group discussion with class
b. Group instruction with visual demonstration

c. Independent work on applet and on practice problems
d. Paired work (optional)

F. Interdisciplinary connections – The applet integrates technology and applies the real-life scenario of inelastic and elastic car collisions. Car collisions and other collisions (such as in sports) are accurately described using the conservation of momentum. 
G.  Closure
    Instructor will review at the end of class that momentum is conserved in a collision, and will ask the students to write down the difference between an inelastic and elastic collision. Students are expected to successfully match the appropriate conservation of momentum equation to the type of collision. 
Evaluation Procedures: 

Students will individually evaluate collision scenarios and apply conservation of momentum to determine unknown resulting velocity (or velocities) from collision through practice problems.  For homework, students should complete a set of problems on inelastic and elastic collisions. Practice problems will be graded. 
Materials and Aids:
 For examples of elastic and inelastic collisions, instructor should have the following materials:

· Air track with power supply

· 2 metal gliders

· Extra masses (to vary the masses of the gliders)

· PASCO momentum kit

· 2 rubber-band yolks

· Needle tip

· Wax receiver

The teacher or presenter will need to teach in a computer-lab environment so each student can individually complete the Applet. Students should be provided with scrap paper and/or calculators, if needed. 

