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Collisions: The Law of Conservation of Energy and The Law of Conservation of Momentum

A curriculum unit for 11th and 12th grade physics students.

Introduction

This unit introduces the complex issues surrounding the three types of collisions. In addition to the traditional lecture and air track labs, the unit uses a Simulab which acts both as a teaching tool and as an assessment.

Intended audience

This unit is intended for 11th and 12th grade students who would be considered “advanced” they might be taking an A.P. or an Honors physics course

Placement in the curriculum. 

This unit follows units on velocity and acceleration, gravity and Newton’s laws. Students are familiar with the concept of inertia, potential and kinetic energy. The unit is followed by rotational dynamics where the concepts are revisited in terms of angular momentum.

Resources

· Computer stations for each pair of students

· Air tracks, carts, and  photogates or motion sensors for each lab team of students

· Astroblaster and magic balls for demo.

Momentum and Energy

CONTENT STANDARDS: 5e. Students will be able to formulate questions, design an exploration, and collect data about objects in motion

STAGE 1: DESIRED RESULTS

QUESTIONS

1. Is it true that momentum is only conserved when collisions are elastic?

2. Compare and contrast momentum and kinetic energy.

3. Is it true that energy is only conserved under certain conditions? Explain.

KNOWLEDGE AND SKILLS

Students should be able to:

1. Define momentum.

2. State the law of conservation of momentum.

3. Distinguish between an elastic collision, inelastic collision and completely inelastic collision.

4. Distinguish among mechanical energy, potential energy and kinetic energy.

5. Describe how the kinetic energy of an object depends upon the speed of the object.

6. State the law of conservation of energy

7. Write the equations for, and solve problems using, the laws of conservation of momentum and energy.

_________________________________________

STAGE 2: EVIDENCE OF UNDERSTANDING, KNOWLEDGE AND SKILL

_________________________________________

Students will take a short answer quiz.

Students will perform an air track lab

Students will perform an SMD simulation.

Students will present a power point presentation on energy and momentum

_________________________________________

STAGE 3: LEARNING EXPERIENCES AND INSTRUCTION

_________________________________________

1. Day 1. Lecture/discussion

a. What would happen if our principal were standing in the middle of the field in a suit of armor and a freshman, also in armor, was to run as fast as she could until she collided with the principal?

b. What would happen if we reversed the situation and the freshman was at rest and the principal was in motion and collided with her?

c. What would happen in the above situations if, instead of armor, our protagonists were wearing Velcro suits?

d. Use questions as introduction to elastic, inelastic and completely inelastic collisions.

e. Introduce momentum and review K.E., P.E., M.E. and inertia.

2. Day 2. Lab (see attached)

3. Day 3. Discussion of lab results and introduction to the equations for the laws of conservation of momentum and energy

a. Law of Conservation of Momentum

Mo1Vo1 + Mo2Vo2  =  Mf1Vf1 + Mf2Vf2  

b. Conservation of Kinetic Energy

1/2Mo1Vo​​​​1 2  +  1/2Mo2Vo​​​​2 2  =  1/2Mf1Vf​​​​2 2  + 1/2Mf1Vf​​​​2 2  

c. Conservation of energy

P.Eo + K.Eo = P.Ef + K.Ef

d.   Show that
 V2 – V1 = V1’ – V2’

e.    Demos: Astro-blaster & magic balls.

4. Day 4. Simulab

5. Day 5. Discussion of  Simulab, discussion of PowerPoint presentation, short answer quiz.

USING AN AIR TRACK TO INVESTIGATE MOMENTUM AND ENERGY
READ THE SHEET RIGHT THROUGH BEFORE STARTING

DO NOT WRITE ON THIS SHEET !

When vehicles collide momentum and energy are passed from one to the other.

This experiment is to investigate whether momentum and energy are conserved in all collisions.

An air-track is apparatus which holds vehicles on a cushion of air to minimise sliding friction.
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APPARATUS

INTRODUCTION TO EXPERIMENTAL PROCEDURE

LEVELLING THE AIR TRACK

(a)
Crosswise

Crosswise levelling is not critical with a triangular-section track and a small spirit level held under the track gives ample indication.

(b) Horizontal

Horizontal levelling is critical. After a rough adjustment using a spirit level as an indicator, the air supply should be turned on and the final levelling carried out with an unloaded vehicle as an indicator. It is not enough simply to bring a moving vehicle to rest by altering the levelling, as this will over compensate. After each readjustment, the vehicle should be brought to rest by hand and any tendency for the vehicle to move one way or the other further compensated.

PHOTOELECTRIC TIMING

The air track and timer are set up for the measurement of two speeds by using photodiode sensors as shown. The photodiodes should be 500 mm to 1 m apart.

Equip two large vehicles with 100 mm long cards which are tested for effective ‘cut off’ length by moving the vehicle against a ruler and seeing at which points the timer starts and stops.

(a)
THE ELASTIC COLLISION BETWEEN TWO VEHICLES OF EQUAL MASS ONE OF WHICH IS INITIALLY AT REST

To simplify the analysis, both cards should be the same length. Equip both vehicles with elastic band buffers, ensuring that the vehicles are balanced.

Position one vehicle at rest between the two photodiode assemblies and about one vehicle length from the photodiode assembly furthest from the launching end. Zero the timer and launch the second vehicle. When this vehicle has passed the first photodiode assembly, note the timer reading. Note the timer reading after the second vehicle has passed through the second photodiode assembly. Catch the second vehicle to prevent it bouncing back through the light beam before the timer has been read. Repeat the experiment twice more.

Results


Effective card length =


cm

=


m

	Mass of vehicle (1)

/kg
	Mass of vehicle (2)

/kg
	Vehicle (1)

timer reading
/s
	Vehicle (2)

timer reading
/s
	Speed (1)

/m s-1
	Speed (2)

/m s-1

	
	
	
	
	
	


	Momentum

vehicle (1)

/Ns
	Momentum

vehicle (2)

/Ns
	Energy of

vehicle (1)

/J
	Energy of vehicle (2)

/J

	
	
	
	


Note:


If the speed of vehicle (1) is increased so that the time of passage falls below 0.350s, the results become inconsistent and the characteristic clink can be heard as one vehicle touches the track, confirming that the collisions must be progressive and not sudden if accuracy is to be achieved.

ANALYSIS
Is the total momentum before and after all collisions the same?





Is the total kinetic energy before and after all collisions the same?





Explain your findings.

(b)
INELASTIC COLLISIONS IN WHICH ONE VEHICLE IS INITIALLY AT REST

In this case, only the oncoming vehicle carries a 100 mm card. The photodiode assemblies can be closer together as speeds fall on collision. A suitable distance is 0.3 m. The stationary vehicle should be placed about a vehicle length from the first photodiode assembly to take as much advantage as possible of the lower speed after collision.

The buffers between the vehicles are replaced by one filled with Plasticine and the other with a needle which sticks in the Plasticine. Make sure the needle is straight to avoid twisting the vehicles on impact.

This part of the experiment can be done with equal mass vehicles and different size vehicles e.g. large to small and small to large.

Results

	Mass of vehicle (1)

/kg
	Mass of vehicle (2)

/kg
	Time for

vehicle (1)

/s
	Time for

Both vehicles

/s
	Speed (1)

before collision

/m s-1
	Speed (2)

after collision

/m s-1

	
	
	
	
	
	


	Momentum of

vehicle (1)

/Ns
	Momentum of

both vehicles

/Ns
	Energy of

vehicle (1)

/J
	Energy of vehicle (2)

/J

	
	
	
	


ANALYSIS
Is the total momentum before and after all collisions the same?





Is the total kinetic energy before and after all collisions the same?





Explain your findings.
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