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	Subject:
	Physics
	Time: 40 mins

	Worksheet Title:
	Collisions between two bodies – Virtual Laboratory


Aim:
To investigate the mechanics of the collision of two carts 
Apparatus:
Computer with collision java applet 

http://www.phy.ntnu.edu.tw/ntnujava/index.php?topic=831.0
Background:

The motion of a body of mass m and velocity v is described by a vector quantity known as momentum p where

p = m v

When objects collide, whether trains, cars, billiard balls, shopping carts, or your foot and the sidewalk, the results can be complicated. Yet even in the most chaotic of collisions, as long as there are no net external forces acting on the colliding objects, one principle always holds and provides an excellent tool for understanding the collision. That principle is called the conservation of linear momentum which states that 

The total momentum of a system remains constant provided that no external resultant force acts on the system

For two bodies colliding linearly, it is written mathematically as a vector equation

Total initial momentum = total final momentum
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Collisions are classified into elastic (or perfectly elastic), inelastic and completely inelastic. 
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Procedure:

Perfectly elastic collision 

1. Adjust the mass slider bars and record the mass, m1 and m2 of the cart 1 and cart 2 respectively. (Note that the value will be snapped to integer value once you released. For example, if the value is 0.4, it will snap to 0. If the value is 1.7, it will show 2. If you want other value for the mass, you can key in the value directly into the box.)
2. Set the initial velocity of cart 1 and 2 to u1 = 0.5 m s-1 and u2 = 0.0 m s-1 respectively. 
3. Select the perfectly elastic collision radiobutton [image: image3.png]


.
4. Select the [image: image4.png]


 play button  to start the simulation. 
5. Observe the simulation and record down the final velocity of cart 1, v1, and cart 2, v2 .
v1 = __________ m s-1

v2 = __________ m s-1

6. Reset the simulation by clicking on [image: image5.png]


 reset button.
7. Repeat the experiment for other masses or speeds and complete the table.
8. Now that you are familiar with some of the features in using this virtual lab, you may start collecting data for the collisions of the carts.

	Cart 1
	Cart 2
	Total momentum / kg m s-1
	Total kinetic energy / J
	Relative speed / m s-1

	Mass

m1 / kg
	Initial velocity

u1 / m s-1
	Final velocity

v1 / m s-1
	Change in momentum /

kg m s-1
(m1v1 – m1u1)
	Mass

m2 / kg
	Initial velocity

u2 / m s-1
	Final velocity

v2 / m s-1
	Change in momentum /

kg m s-1
(m2v2 – m2u2)
	Before collision

p1i + p2i
	After collision

p1f + p2f
	Before collision

½ m1u12+ ½ m2u22
	After collision

½ m1v12+ ½ m2v22
	Before collision

u1 – u2
	After collision

v2 – v1

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Extend the table if you find the results inconclusive.

9. Answer the following questions about the two carts undergoing perfectly elastic collisions. 

(a) Look at the two columns under “total momentum”, what can you deduce? Is it consistent with the principle of conservation of momentum (refer to page 1)?

(b) Look at the columns “change in momentum” for each cart, in what way is it consistent with the principle of conservation of momentum?

(c) Look at the two columns under “total kinetic energy”, what can you deduce?

(d) Look at the two columns under “relative speed”, what can you deduce?

Procedure:

Perfectly inelastic collision 

1. Select the perfectly inelastic collision radiobutton [image: image6.png]


.
2. Adjust the mass slider bars and record the mass, m1 and m2 of the cart 1 and cart 2 respectively. (Note that the value will be snapped to integer once you released. For example, if the value is 0.4, it will snap to 0. If you want other value for the mass, you can key in the value directly into the box.)

3. Set the initial velocity of cart 1 and 2 to u1 = 0.5 m s-1 and u2 = 0.0 m s-1 respectively. 

4. Select the [image: image7.png]


 play button  to start the simulation. 
5. Observe the simulation and record down the final velocity of cart 1, v1, and cart 2, v2 .
v1 = __________ m s-1

v2 = __________ m s-1
6. Reset the simulation by clicking on [image: image8.png]


 reset button.
7. Repeat the experiment for other masses or speeds and complete the table.
8. Now that you are familiar with some of the features in using this virtual lab, you may start collecting data for the collisions of the carts.

	Cart 1
	Cart 2
	Total momentum / kg m s-1
	Total kinetic energy / J
	Relative speed / m s-1

	Mass

m1 / kg
	Initial velocity

u1 / m s-1
	Final velocity

v1 / m s-1
	Change in momentum /

kg m s-1
(m1v1 – m1u1)
	Mass

m2 / kg
	Initial velocity

u2 / m s-1
	Final velocity

v2 / m s-1
	Change in momentum /

kg m s-1
(m2v2 – m2u2)
	Before collision

p1i + p2i
	After collision

p1f + p2f
	Before collision

½ m1u12+ ½ m2u22
	After collision

½ m1v12+ ½ m2v22
	Before collision

u1 – u2
	After collision

v2 – v1

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Extend the table if you find the results inconclusive.

9. Answer the following questions about the two carts undergoing perfectly inelastic collisions. 

(a) Look at the two columns under “total momentum”, what can you deduce? Is it consistent with the principle of conservation of momentum (refer to page 1)?
(b) Look at the columns “change in momentum” for each cart, in what way is it consistent with the principle of conservation of momentum?
(c) Look at the two columns under “total kinetic energy”, what happens to the total kinetic energy of the bodies? Suggest some possibilities.

10. In conclusion, fill up the following table

	Types of collisions
	Total momentum

(before and after)
	Total change in momentum
	Total kinetic energy

(before and after)
	Relative speeds

(before and after)

	Perfectly elastic
	
	
	
	

	
	
	
	
	

	Perfectly inelastic
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