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What happens when two ice skaters push off of each other?
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lce Skating

What is different if one of the ice skaters is larger than the other?
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Fireworks

Where do the pieces of firework go when it explodes?




Introduction to Momentum

EExplanation

Law

These phenomena are explained with a law of physics called the
Conservation of Momentum.



Introduction to Momentum

EExplanation

Law

These phenomena are explained with a law of physics called the
Conservation of Momentum.

Questions to answer:

m What does conservation mean?



Introduction to Momentum

EExplanation

Law

These phenomena are explained with a law of physics called the
Conservation of Momentum.

Questions to answer:
m What does conservation mean?

m What does momentum mean?



Introduction to Momentum

EExplanation

Law

These phenomena are explained with a law of physics called the
Conservation of Momentum.

Questions to answer:
m What does conservation mean?
m What does momentum mean?

m What is the formula for momentum?



Introduction to Momentum

EExplanation

Law

These phenomena are explained with a law of physics called the
Conservation of Momentum.

Questions to answer:
m What does conservation mean?
m What does momentum mean?
m What is the formula for momentum?

m Under what conditions is the Conservation of Momentum law
true?
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Conservation

Conservation of Momentum: Version 1

momentumi,itia) = momentumsen,,

Question: Momentum of what? The system.

Recall that F = ma required finding the net force. Similarly, it is
net momentum that is conserved.
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EDerivation

Components of Momentum

What quantities should be included in the formula for momentum?

m Force?
m Mass?
m Position?
_ m Temperature?
m Velocity?

Acceleration? m Other suggestions?
m Acceleration?
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Mass and Velocity

The formula for momentum should include mass and velocity. But
how are they related?

Directly Proportional

Variables a and b are directly proportional if a =k x b
where k is a constant.

Inversely Proportional

Variables a and b are inversely proportional if a*x b = k
where k is a constant.
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Formula for Momentum

The formula for momentum should include mass and velocity such
that mass and velocity are inversely proportional.

Momentum

p=mxv

Note that p is the symbol for momentum.

Conservation of Momentum: Version 2

ZPi:ZPf
Zm*v;:Zm*Vf
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Testing our Law

To see if our version of the law of Conservation of Momentum is

valid, consider the situation of two ice skaters initially at rest who
push off of each other. Skater A is on the left and Skater B is on
the right.




Introduction to Momentum

EDerivation

Testing our Law

Consider these values for the masses and velocities:
Skater A: m = 40kg,v; = 077, v = —0.57
Skater B: m = 50kg, v; = 07, v = 0.477
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Testing our Law

Consider these values for the masses and velocities:
Skater A: m = 40kg,v; = 077, v = —0.57

Skater B: m = 50kg, v; = 0%, Ve = 0.4%

Are the values reasonable? Yes.

Do they satisfy our law? Yes.

E pi = Ma * vaj + mp * vg;

_ nkgxm
=0 <

ZPf:mA*VAf+mB*VBf
=40 (—0.5) +50% 0.4

kg *

= =&
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Discovering an Issue

Now consider just Skater B, immediately after pushing off from
Skater A. We have as before, m = 50kg, and now, v; = 0.4%.

— m
Eventually what happens to the skater? v = 07,
Does this satisfy our law? No.
Z pi = mxy;

=50x0.4
kgxm
— opkexm

> pr=mxve

_ nkgxm
= 075
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m Is there a problem with defining Skater B as the system?
m Are there any other influences on the system?

m Other suggestions?
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Resolving the Issue

What is wrong?
m Can we ignore Skater A?
m Is there a problem with defining Skater B as the system?
m Are there any other influences on the system?

m Other suggestions?

Conclusion: The net force on the system must be zero.
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Final Definitions

Momentum

p=msxv

Note that p is the symbol for momentum.

Conservation of Momentum

The net momentum of a system remains constant when there is no
net force on the system.
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The ant has greater momentum

The cow and ant have the same momentum
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oncept Questions

Jumping

If | jump straight up, what happens to the Earth as soon as | leave
the ground?

It doesn’'t move
It moves down

It moves up

(The mass of the Earth is 5.97x10%* so the magnitude of the
velocity is very small.)
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EConcept Questions

Momentum

Momentum has which of the following?
Magnitude
Direction
Magnitude and direction

(Momentum is a vector since it is the product of mass (a scalar)
and velocity (a vector). Scalars have just magnitude while vectors
have both magnitude and direction.)
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