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P3.3b Predict how the change in velocity of a small mass compares to the change in velocity of a large mass when
the objects interact (e.g., collide).

P3.5a Apply conservation of momentum to solve simple collision problems.



Items:

1- Conservation of Momentum

2- Collision of two objects moving in the same direction.
3- Collision of two objects moving in opposite directions.
4- Collision of two objects, one at rest and one is moving.

5- Two objects starting at rest and pushing each other.



PRINCIPLE OF CONSERVATION OF LINEAR MOMENTUM

The law of conservation of momentum is one of the most important laws in
science. It can be used to explain what happens when objects collide.

If the net external force (Fnet) acting on a system of objects is zero, then the total

linear momentum (Pw1) of the system remains unchanged (constant).

Conservation of linear momentum explains the movement of billiard balls after
the collision of the scattering of bowling pins by a bowling ball.

Total momentum before the collision = Total momentum after the collision

— —
p total (before the impact or collision) = p total (after the impact or collision)



The net external force (Fnet) is zero when the system of objects is isolated. This
means that the objects are not pulled or pushed by anything outside their system.
It is okay if they push and pull each other within the system.

Conservation of Momentum

— —
When F net= 0 then P.w is constant

Total momentum before the collision = Total momentum after the collision

— —
P total (before the collision) = P total (after the collision)

Recall: P is the momentum = m Vv,

Sum of all (IM X V) (before the collision) = Sum of all (IM X V) (after the collision)




Steps for solving problems using the law of conservation of momentum

In applying conservation of momentum:

a) Define the isolated system, where the net external force is zero.

b)Sketch two pictures: one for the system before the collision and one for the
system after the collision.

c)Defines which direction is chosen as the positive direction, then the
opposite direction would be the negative direction. The momentum has the
same direction of the velocity.

d)write the statement that the total momentum before the collision is the

same as the total momentum after the collision.

Total momentum before the collision = Total momentum after the collision

e) Write it as an equation too. Solve the equation.



Example 1: Conservation of momentum of billiard balls.

Two billiard balls A and B are moving toward collision. The momentum of

the ball A before the collision is Pa1, and the momentum of the ball B before the

collision is Pg1.

Par Pg

Compare the momentum of the balls before and after the collision.



Steps to solve the problem:

a) The net force acting on the two balls above is zero. So, the system is isolated.

b) This is a sketch of the collision with the two states: State 1 for before the

collision and State 2 for after the collision.
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c) The direction to the right is the positive direction. So, the direction to the left is
negative. The momentum P has the same direction of the velocity.



Then, Pa+ is positive and Pg+ is negative.

Then, Paz is negative and Pg2 is positive.

d) When the two balls collide, the momentum (p) is conserved or remains the
same.

Total momentum before the collision = Total momentum after the collision

e) Equation:
Pai + Ps1 =Pa2+ Pg2

Sum of all (rn X V) (before the collision) = Sum of all (m X V) (after the collision)

(Ma1 x VA1) + (MB1 x VB1) = (Ma2 x Va2) + (MB2 x VB2)



Example 2: A Ball Striking Another Ball at Rest.

Before : A softball of mass ms (0.200 kg) moving at a constant velocity Vo1 (8.3

m/s) strikes a second ball of mass m2 (0.45 kg) that is at rest (Vo2 = 0 m/s).
After the collision, the incoming ball rebounds straight back at a velocity Vi1 (3.2

m/s) and the second ball moves at a velocity Vso. Calculate Vo,
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Data Table

m2 m1 Vo2 Vo1 Vf1 Vi2
0.45 kg 0.200 kg 0 m/s 8.3 m/s ?

a) The net force acting on the two balls is zero. So, the system is isolated.

c)The direction to the right is the positive direction.
So, Vo1 is positive.
V11 is negative and Vi is positive.
d) The momentum (p) is conserved or remains the same.
Total momentum before the collision = Total momentum after the collision
e) Equation:

Sum of all (m X V) (before the collision) = Sum of all (m X V) (after the collision)

(M1 x Vo1) + (M2 x Vo2) = (M1 x Vi1) + (M2 x Vi2)

(before the collision) (after the collision)
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(M1 x Vo1) + (M2 x Vo2) - (M1 x Vi) = M2 x Vi2

[(M1 x Vo1) + (M2 x Vo2) - (M1 x Vi1)] / M2 = Vi

[(0.2x8.3)+ (0.45x0) - (0.2 x )]/0.45= vip
[1.66 +0 + 0.64] /0.45 = vp
2.3/0.45 =vip
Vi2 =5.1 m/s

The ball moves with a speed of 5.1 m/s.
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Example 3: Collision of two objects moving in the same direction

(a)A loaded railway car of mass 6000 kg is rolling to the right at 3.0 m/s.

It collides and couples with an empty freight car of mass 3000 kg, rolling to the
right on the same track at 2.0 m/s (b). What is the speed and direction of the pair
after the collision?
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Data Table
m> mi Vo2 Voi Vf
6000 kg | 3000 kg 3.0 m/s 2.0 m/s ?
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Steps to solve the problem:

a) The net force acting on the two railway cars is zero. So, the system is isolated.

b) This is a sketch of the collision with the two states: (a) for before the collision

and (b) for after the collision.

m2 my
A — T 2 A ——. A 2
(a) Before (h) After

c) The direction to the right is the positive direction. So, the direction to the left is
negative. The momentum P has the same direction of the velocity.
Then, Vo1 and Vo2 are positive.
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d) When the two railways collide, the momentum (p) is conserved or remains the
same.

Total momentum before the collision = Total momentum after the collision

e) Equation:

Sum of all (m X V) (before the collision) = Sum of all (In X V) (after the collision)

(M4 x Vo1) + (M2 x Vo2) = (M1 + M2) x Vi

(3000 x 2.0) + (6000 x 3.0) = (9000) x Vi
6000 + 18000 = 9000 x Vs
24000 = 9000 x Vi
Vi = 24000/9000 = 2.66 m/s

So, the pair couple and moved to the right with a speed of 2.66 m/s.
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Example 4: Collision of two objects moving in opposite direction

(a)A loaded railway car of mass 6000 kg is rolling to the right at 2.0 m/s. Another
empty freight car of mass 3000 kg is rolling to the left on the same track at 3.0
m/s.

(b)They collide and couple. What is the speed and direction of the pair after the
collision?
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(a) Before (h) After
Data Table
m> mj Vo2 Vo] Vf mjp+ m?

6000 kg | 3000 kg 20m/s | -3.0m/s ? 9000 kg
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Steps to solve the problem:

a) The net force acting on the two railway cars is zero. So, the system is isolated.

b) This is a sketch of the collision with the two states: (a) for before the collision

and (b) for after the collision.
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(a) Before (b) After

c) The direction to the right is the positive direction. So, the direction to the left is
negative. The momentum P has the same direction of the velocity.
Then, Vo2 is positive and Vo1 is negative.
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d) When the two railways collide, the momentum (p) is conserved or remains the
same.

Total momentum before the collision = Total momentum after the collision

e) Equation:

Sum of all (In X V) (before the collision) = Sum of all (In X V) (after the collision)

(M4 x Vo1) + (M2 x Vo2) = (M1 + M2) x Vi

(3000 x (-3.0)) + (6000 x 2.0) = (9000) X Vi
- 9000 + 12000 = 9000 X Vi
3000 = 9000 x Vs
Vi = 9000/3000 = 0.33 m/s

So, the pair couple and moved to the right with a speed of 0.33 m/s
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Example 5: Collision of two objects one is moving and the other is at rest.

(a) A bullet of mass ( my = 0.0100 kg) is fired with a speed of (Vo; = 896 m/s) and

collide with a block of wood of mass (m2 = 2.5 kg) at rest (Vo2 = 0 m/s) and

suspended by a wire with negligible mass . After the collision (b), they both swing

to a height of 0.0650 m. Find the final velocity (V) of the wood and the bullet.

- |

Before After
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Data Table

m2

mij

V02

VoI

vf

mij+ mp>

2.5 kg

0.0100 kg

O m/s

896 m/s

2.51 kg

Steps to solve the problem:

a) The net force acting on the bullets and wood is zero. So, the system is

isolated.

b)This is the sketch: (a) before the collision and (b) after the collision.
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c)The direction to the right is the positive direction.
d)The momentum is conserved:

Total momentum before the collision = Total momentum after the collision

e) Equation:

Sum of all (IM X V) (before the collision) = Sum of all (IM X V) (after the collision)
(M1 x Vo1) + (M2 x Vo2) = (M1 + M) x Vi
(0.010 x 896) + (2.5 x 0) = (2.51)x Vi
89.6+0 =(2.51) x Vi
8.96 = (2.51) x Vi

Vi=89.6/2.51 =3.569 m/s =3.57 m/s

So, after the collision, both the block of wood and the bullet move together to the

right with a speed of 3.57 m/s.
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Example 6: Starting at rest, two skaters push off against each other.

(a) Before: Starting from rest two skaters push off against each other on ice
where friction is negligible. The mass of the woman is m; (54 kg) and the
mass of the man is m2(88 kg).

(b) After: The woman moves away with a velocity Vf1 (2.5 m/s) and the man with

velocity V2 in the opposite direction. Find the velocity of the man.
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(a) Before

(b) After
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Data Table

ma m- Vo2 Vo1 Vf1 Vi2
88 kg 54 kg 0 m/s 0 m/s 2.5 m/s ?

a) The net force acting on the two people is zero. So, the system is isolated.
c)The direction to the right is the positive direction.
Vi is negative and Vi is positive.
d) The momentum (p) is conserved.
Total momentum before moving away = Total momentum after moving away
e) Equation:
Sum of all (m X V) (before ) = Sum of all (m X V) (after)

(M1 x Vo1) + (M2 x Vo2) = (M1 x V1) + (M2 x Vi2)
(M1 x0)+ (M2x0) =(54x2.5)+ (88 x ve)
- (54 x2.5)= 88 x vi2
Vie =-135/88=-1.5m/s
The man moves backward with a speed of 1.5 m/s.
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Example 7: The law of conservation of momentum is used to explain how fast
does the wreckage move immediately after the collision. Conservation of
momentum works just as well to describe explosions.

Example 8:
In any type of collision, the momentum is always conserved for an isolated
system.
Elastic Collision Inelastic Collision Completely Inelastic Collision
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(a) Elastic colliz;io-f\ (b} Inelastic collision () Completely inelastic collision
1/2 (mx Vi2) =1/2 (m x Vi2) [1/2 (m x Vi2) # 1/2 (m x Vi2) vi=0m/s

Vi ; speed after collision Vi ; speed before collision m; mass of ball



Types of Collisions and Kinetic Energy
Elastic collision -- One in which the total kinetic energy [1/2 (m x v2)] of the system

after the collision is equal to the total kinetic energy before the collision.

Inelastic collision -- One in which the total kinetic energy of the system after the

collision is not equal to the total kinetic energy before the collision; if the objects
stick together after colliding, the collision is said to be completely inelastic.

Elastic Collision

Inelastic Collision

Completely Inelastic Collision
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(b} Inelastic collision
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(c) Completely inelastic collision

1/2 (m x Vi2) = 1/2 (m x V2)

1/2 (m x Vi2) # 1/2 (m x V¢2)

vi =0 m/s

Vi ; speed after the collision

Vi ; speed before the collision

m:; mass of the ball
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Practice Problems

a) A5000 kg boxcar moving at 5.2 m/s on a level, frictionless track runs
into a stationary 8000 kg tank car. If they hook together in the
collision, how fast will they be moving afterwards?

(Answer: 2.0 m/s [forwards])

b) AO0.1 kg ball moving at a constant velocity of 0.2 m/s strikes a 0.4 kg
ball that is at rest. After the collision, , the first ball rebounds straight
back at 0.12 m/s. Calculate the final velocity of the second ball.

(Answer: 0.08 m/s [forwards])
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