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Velocity has something to do with changes in SPATIAL position.

The other element is time.

Velocity is the RATE of change in position.

It takes into account direction.
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Define velocity… Note that it is a combination of Speed AND Direction.

Define force as causing a change in velocity

A change in direction… IS a change in velocity

Note net force… sum of all forces… 



9

So… forces cause changes in velocity… or accelerations.

The acceleration is proportional to the force… and inversely proportional to the 

mass.
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Aristotle says: 

The natural state of objects on the Earth is a state of rest.

An “impelling force” is required for objects to remain in motion.

Galileo Said NO! 

The natural state of motion of an object is to keep doing what it’s doing.

No “impelling 

Newton repeated it.

This tendency to “keep doing what you’re doing” is called Inertia.

The ball rolls to the back of the wagon when you pull the wagon because… 

The ball’s natural tendency is to stay where it is.  
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Galileo didn’t say this.

To get an object to change its state of motion, a force must be applied.

When we push the gas pedal in the car, the engine generates a force causing the 

car to move.

Why does the car stop if I stop pushing with the engine?
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Forces come in pairs.  

If you apply a force to something, it responds by pushing back.

As I push against a baseball to throw it, I can FEEL it pushing back.

This is how rockets work.  We push mass out the back of the rocket and the 

opposing force pushes back, propelling the rocket forward.
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Our first conservation law.

In a closed system MOMENTUM IS ALWAYS CONSERVED.

This includes situations where the gravitational force is involved.

It also includes situations where energy is transferred such as:

Friction robs kinetic energy

and explosion occurs (potential energy transfers into kinetic energy)

If we add up (M1 X V1) + (M2 X V2) + … and wait for some time

And add them up again, the answer will be the SAME.

As long as no external forces act on the system.
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In the rocket, an EXPLOSION occurs that propels exhaust out the back of the rocket and 

propels the rocket forward.

The system conserves momentum.  

If the rocket fuel system has zero momentum initially, the momentum of the 

rocket plus the momentum of the exhaust will be zero afterward.
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Closed systems also conserve ANGULAR momentum.  

Angular momentum takes into account the distance of the massive object from a pivot 

point.

The skater spins faster when her arms are tucked in.

Initially, r is large (her arms are far from her body) and v is small.

Later, r is small (her arms are close to her body) and v is big.
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Neither!  It’s the same at A and B
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We buy it in the form of electricity and gas

We gather it when we eat food and expend it when we do things.

But what IS it?
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All of the energy forms that you can think of fit into one of these three types.
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Energy that is stored.  Potential energy can be converted into either kinetic or radiative 

(light) energy.

Sources of Potential Energy:

Chemical-

Gasoline, Hydrogen (both are forms of combustion, or combining with oxygen)

Gravitational-

Water flowing down a mountain.

A space rock falling towards the earth

Molecular bonds

Springs and rubber bands
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Einstein says, Mass is another form of energy.

And… there’s a LOT of energy locked up in massive objects.

The total energy is the mass times the speed of light squared.  

Really, the universe is made of nothing but energy. 

Some is kinetic, some is light, some is locked up in mass, some is stored in fields.
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Kinetic energy depends on

mass

A truck moving at 10 miles an hour has more energy than a bicycle moving at moving 

at 10 miles per hour

And the SQUARE of the velocity.  

You saw this in the Impact lab.

2 times the velocity is 4 times the energy

4 times the velocity is 16 times the energy 

Fast moving asteroids carry ENORMOUS kinetic energy.



40

Where does the energy in the gasoline come from?
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Neither! Total energy is conserved.
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The question “Which one is right?” is probably nonsense.

The right model is the one that provides the best predictions.

What it means is probably more a matter of philosophy than science.


