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The student will be able to: HW:
Define and calculate momentum using Vs 1
appropriate SI units.

Define and calculate impulse and solve 2—-06

problems relating impulse, momentum, and J

force.

State and apply the law of conservation of
momentum with proper consideration to
internal and external forces. Define and
analyze center of mass position and velocity.

7—10

Use conservation of momentum to solve
related problems.

11-21

Define elastic and inelastic collisions and use
the definitions to solve related problems.
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Conservation of Momentum

The total momentum of an 1solated system of
objects will remain constant over time.

For two objects that interact with one another:
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Conservation of Momentum

The total momentum of an 1solated system of
objects will remain constant over time.

The same reasoning may be extended to
interactions of three or more objects...

—

P

—

P>

ﬁ3 :ﬁl’

—/
P>

—/
Ps



Internal and External Forces

In order for the total momentum of a
particular system to remain constant there
must be no net external force on the system.

When an object outside the system interacts
with an object inside the system this 1s called
external force.

When objects within a system interact with one
another this is called internal force. Internal

forces have no effect on the total momentum!
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Center of Mass

r

I'he center of mass of a system 1s located at
distances 1inversely proportional to the masses of

the system. It 1s closest to the greatest mass.

The velocity of the center of mass 1s unaffected
by internal forces and can only be changed by
external forces.

The total mass of a system multiplied by the
velocity of the center of mass 1s equal to the total

momentum of the system.



Center of Mass

The position of the center of mass of a system 1s a
“balancing point” that represents the location of the

system as a whole:
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where m = mass, x = position

The velocity of the center

of mass represents the

the system’s overall motion:
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Center of Mass

The position of the center of mass of a system 1s a
“balancing point” that represents the location of the
system as a whole:

Zmifi

Xem =
Zmi
where m = mass, x = position

The velocity of the center of mass represents the
the system’s overall motion:
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where m = mass, v = velocity



Center of Mass

The total momentum of a system 1s equal to the
total mass times the velocity of the center of mass.
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A system’s momentum and velocity can be changed
only by external forces!



Elasticity

Characterizing Collisions
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The student will be able to: HW:
Define and calculate momentum using 1
appropriate SI units. 4
Define and calculate impulse and solve 2—-06

problems relating impulse, momentum, and 7

force.

State and apply the law of conservation of
momentum with proper consideration to
internal and external forces. Define and
analyze center of mass position and velocity.

4

7—10

Use conservation of momentum to solve /11 —21

related problems.

Define elastic and inelastic collisions and use
the definitions to solve related problems.
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Variety 1n Collisions

* All collisions will 1llustrate conservation of
momentum and conservation of energy.

 However, depending on the nature of the

objects involved, only a certain amount of
kinetic energy will remain after the collision.

* In certain situations there may be conservation
of kinetic energy.



Elasticity

In a perfectly elastic collision the total kinetic
energy of the system remains constant.

The total kinetic energy of the system will be
reduced 1n an inelastic collision.

In a “perfectly inelastic” collision the objects
stick together and the reduction in kinetic
energy 1s maximized.



Quantifying Elasticity

For two objects 1n a perfectly elastic collision:
KE +KE, =KE' +KE'
For two objects 1n an inelastic collision:

KE +KE, > KE + KE,



© Matthew W. Milligan

"t

0.0 m/s
—_—
Vz/zgm/s

2 -
o -
(@)
(@\|
k @ n
) g
(1) AS1oug onaury| =
- S
kS g
= 2 e
3 <
@
< <t D]
(@\| —
| N
m 2
QO
— M
p—
| 75
S s < g
(@\!
||
~

(S/uwr 3Y) WNIUAWON ‘



Perfectly Elastic!
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“perfect bounce”.
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