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Conservation of 
Momentum in 2D

1) Students will be able to add vectors in two 
dimensions.

2) Students will be able to use the law of 
conservation of momentum to quantitatively 
analyze collisions in 2D.
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A03 Conservation of Momentum in 2D 
Assignment


Physics 30:  Conservation Laws

Lab:  Conservation of Momentum in 2D

Purpose:  To analyze the momentum of objects undergoing motion in two dimensions to determine the unknown mass of a target puck.



Materials:

· air table, ruler, protractor



Experimental Design:

Two air table pucks are collided together on an air table and the momentum of the pucks before and after the collision is compared.



Observations:

· make tables for the motion of each puck before and after the collision.

· sketch a situational diagram of the collision

· use the law of conservation of momentum in each dimension to determine the unknown mass of the target puck



Analysis:

· Select an x axis.  This will most likely be the direction of motion of one of the pucks before the collision.

· Measure the angles of collision.

· Break the motion of each puck into x and y components.  Determine momenta of known objects.

· Use the chart method to determine the mass of the target puck

· Using a balance, measure the mass of the target puck.  Determine the % difference between your calculated and measured value.

· Determine if this was an elastic collision.



Conclusion:

What was the mass of the target puck?  % difference?  Was the air table an example of an isolated system?  How can you tell? 

Lab Component:   ( /5) x 2



Questions



1. A radioactive nucleus at rest decays into a second nucleus, an electron, and a neutrino.  The electron and neutrino are emitted at right angles and have momenta of 9.30 × 10-23 kgm/s (+y) and 5.40 × 10-23 kgm/s (+x) respectively.  What is the magnitude and direction of the momentum of the second recoiling nucleus? (/3)



2. A hockey puck moving at 0.45 m/s collides into another puck that was at rest.  The pucks have equal mass.  The first puck is deflected to 37 and moves off at 0.36 m/s.  Find the speed and direction of the second puck after the collision.  ( /3)



3. A projectile of mass 2.0 kg approaches a stationary target body at 5.0 m/s.  The projectile is deflected through an angle of 60 and its speed after the collision is 3.0 m/s.  What is the magnitude of the momentum of the target body after the collision?  ( /3)



4. By accident, a large plate is dropped and breaks into 3 pieces, which fly apart horizontally on the floor.  Piece one moves @ 115 with a velocity of 3.00 m/s.  Piece two moves @ 45.0 with a velocity of 1.79 m/s.  Piece 3, which has a mass of 1.30 kg, moves @ 270 with a velocity of 3.07 m/s.  Find the mass of piece 1 and 2.  (Hint:  draw a sketch of the situation.)  (4 marks)



5. A cue ball (mass 0.500 kg) travels at 1.4 m/s along the + x axis when it strikes the stationary eight ball (mass 0.400 kg).  The cue ball deflects 32 to the left of its original direction and the eight ball deflects 58 to the right of cue ball’s original direction.  Determine the speed of each ball after the collision.  ( /3)
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Use the following information to answer the next question.

A small explosive device sliding to the right breaks into two pieces. The momentum of fragment I after the explosion is 23 .  







pII

1

2

pI = 23 kg•m/s



28º

21º





















1.  What is the momentum of fragment II after the explosion?



A. 22 

B. 23 

C. 30 

D. 32 

		



		









2. A  115 g  arrow travelling east at  20 m/s  imbeds itself in a  57 g  tennis ball moving north at  42 m/s.  The direction of the ball-and-arrow combination after impact is

A. 46 N of E

B. 46 E of N

C. 25 E of N

D. 25 N of E





3. The following statements all relate to a collision between any two objects on a horizontal    frictionless surface.  Which of these statements is always true?



A. The kinetic energy of each object before and after the collision is the same.

B. The momentum of each object before and after the collision is the same.

C. The total momentum of the two objects before and after the collision is 
the same.

D. With respect to the surface, the gravitational potential energy of each 
object before and after the collision increases.












Use the following information to answer the next two questions.

In a movie stunt, a car and a train locomotive intentionally crash. The collision is illustrated in the diagram below.





















































4.  Immediately before the collision, the momentum of the locomotive–car system is

A. 5.01 × 105  , 68.2° north of east

B. 5.01 × 105  , 3.43° north of east

C. 5.30 × 105  , 68.2° north of east

D. 5.30 × 105  , 3.43° north of east





5.  The law of conservation of momentum cannot be validly applied in analyzing this collision because

A. the system is isolated

B. the system is not isolated

C. the collision is elastic

D. the collision is inelastic




Use the following information to answer this two-dimensional vector skill-based

question.

In a game of pool, the cue ball, mass  170 g,  is struck so that it moves at a speed of  2.0 m/s  toward a stationary target ball, mass  150 g.  Immediately after the balls collide, the cue ball moves at an angle of  35  to the right of its original direction with a speed of  1.5 m/s,  as illustrated below.



	After							

						       cue ball

						       after collision

					       35	vfinal = 1.5 m/s





				target

				ball



	Before							









			           cue ball

			vinitial = 2.0 m/s



























































Determine the velocity of the scattered target ball.  As part of your response, draw an arrow showing the path of the scattered target ball, sketch a vector addition diagram consistent with the vector analysis method you are choosing, and state all necessary physics concepts and formulas.





Marks will be awarded based on your vector diagram, on the physics that you use, and on the mathematical treatment you provide.
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So far we've been dealing with linear collisions 
(i.e. collisions that are in one plane only).  When 
we deal with collisions at an angle, we need to 
consider the vector components of the momenta.
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Recall from Physics 20...

We can draw a vector resolution diagram for 
vectors that are at "some angle".  We can then 
determine the x and y components of the 
vectors.
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20 kg.m/s

40
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When adding vectors together in 2D, we need 
to determine the x and y components of the 
vectors, add the vectors appropriately, and then 
draw a vector addition diagram .
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Add the following vectors together:

10.0 N

50 

8.0 N

60
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When examining collisions in 2D, we need to 
conserve momentum in the x and in the y.

Σpx = Σpx'   Σpy = Σpy'
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The "Chart Method" is a technique that will be 
followed in this class.  Once you calculate all 
momenta in each dimension, you will place them 
in the appropriate place in the chart.  This 
simplifies the determination of unknown 
quantities:

X Y
Before:

m1

m2

After:

m1

m2

Totals must 

equal

Totals must 

equal
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p. 492
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Practice Problems, p. 492 #12
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p. 490
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Practice Problems, p. 491 #12
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p. 494
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Check and Reflect, p. 499 #511
9.4 eTest

Practice Problems p. 494 #12

Practice Problems, p. 491 #12
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2D Lab Activity
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3.5m

3.5m

3.5m

0.20 m/s
0.23 m/s
0.27 m/s
2.8 m/s
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35.0 m/s
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Physics 30:  Conservation Laws

Lab:  Conservation of Momentum in 2D

Purpose:  To analyze the momentum of objects undergoing motion in two dimensions to determine the unknown mass of a target puck.



Materials:

· air table, ruler, protractor



Experimental Design:

Two air table pucks are collided together on an air table and the momentum of the pucks before and after the collision is compared.



Observations:

· make tables for the motion of each puck before and after the collision.

· sketch a situational diagram of the collision

· use the law of conservation of momentum in each dimension to determine the unknown mass of the target puck



Analysis:

· Select an x axis.  This will most likely be the direction of motion of one of the pucks before the collision.

· Measure the angles of collision.

· Break the motion of each puck into x and y components.  Determine momenta of known objects.

· Use the chart method to determine the mass of the target puck

· Using a balance, measure the mass of the target puck.  Determine the % difference between your calculated and measured value.

· Determine if this was an elastic collision.



Conclusion:

What was the mass of the target puck?  % difference?  Was the air table an example of an isolated system?  How can you tell? 

Lab Component:   ( /5) x 2



Questions



1. A radioactive nucleus at rest decays into a second nucleus, an electron, and a neutrino.  The electron and neutrino are emitted at right angles and have momenta of 9.30 × 10-23 kgm/s (+y) and 5.40 × 10-23 kgm/s (+x) respectively.  What is the magnitude and direction of the momentum of the second recoiling nucleus? (/3)



2. A hockey puck moving at 0.45 m/s collides into another puck that was at rest.  The pucks have equal mass.  The first puck is deflected to 37 and moves off at 0.36 m/s.  Find the speed and direction of the second puck after the collision.  ( /3)



3. A projectile of mass 2.0 kg approaches a stationary target body at 5.0 m/s.  The projectile is deflected through an angle of 60 and its speed after the collision is 3.0 m/s.  What is the magnitude of the momentum of the target body after the collision?  ( /3)



4. By accident, a large plate is dropped and breaks into 3 pieces, which fly apart horizontally on the floor.  Piece one moves @ 115 with a velocity of 3.00 m/s.  Piece two moves @ 45.0 with a velocity of 1.79 m/s.  Piece 3, which has a mass of 1.30 kg, moves @ 270 with a velocity of 3.07 m/s.  Find the mass of piece 1 and 2.  (Hint:  draw a sketch of the situation.)  (4 marks)



5. A cue ball (mass 0.500 kg) travels at 1.4 m/s along the + x axis when it strikes the stationary eight ball (mass 0.400 kg).  The cue ball deflects 32 to the left of its original direction and the eight ball deflects 58 to the right of cue ball’s original direction.  Determine the speed of each ball after the collision.  ( /3)
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Use the following information to answer the next question.

A small explosive device sliding to the right breaks into two pieces. The momentum of fragment I after the explosion is 23 .  
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1.  What is the momentum of fragment II after the explosion?



A. 22 

B. 23 

C. 30 

D. 32 

		



		









2. A  115 g  arrow travelling east at  20 m/s  imbeds itself in a  57 g  tennis ball moving north at  42 m/s.  The direction of the ball-and-arrow combination after impact is

A. 46 N of E

B. 46 E of N

C. 25 E of N

D. 25 N of E





3. The following statements all relate to a collision between any two objects on a horizontal    frictionless surface.  Which of these statements is always true?



A. The kinetic energy of each object before and after the collision is the same.

B. The momentum of each object before and after the collision is the same.

C. The total momentum of the two objects before and after the collision is 
the same.

D. With respect to the surface, the gravitational potential energy of each 
object before and after the collision increases.












Use the following information to answer the next two questions.

In a movie stunt, a car and a train locomotive intentionally crash. The collision is illustrated in the diagram below.





















































4.  Immediately before the collision, the momentum of the locomotive–car system is

A. 5.01 × 105  , 68.2° north of east

B. 5.01 × 105  , 3.43° north of east

C. 5.30 × 105  , 68.2° north of east

D. 5.30 × 105  , 3.43° north of east





5.  The law of conservation of momentum cannot be validly applied in analyzing this collision because

A. the system is isolated

B. the system is not isolated

C. the collision is elastic

D. the collision is inelastic




Use the following information to answer this two-dimensional vector skill-based

question.

In a game of pool, the cue ball, mass  170 g,  is struck so that it moves at a speed of  2.0 m/s  toward a stationary target ball, mass  150 g.  Immediately after the balls collide, the cue ball moves at an angle of  35  to the right of its original direction with a speed of  1.5 m/s,  as illustrated below.



	After							

						       cue ball

						       after collision

					       35	vfinal = 1.5 m/s





				target

				ball



	Before							









			           cue ball

			vinitial = 2.0 m/s



























































Determine the velocity of the scattered target ball.  As part of your response, draw an arrow showing the path of the scattered target ball, sketch a vector addition diagram consistent with the vector analysis method you are choosing, and state all necessary physics concepts and formulas.





Marks will be awarded based on your vector diagram, on the physics that you use, and on the mathematical treatment you provide.
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