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Chapter 3: Conservation Laws

Newton’s third law states that for every action there is an equal and
opposite reaction. In other words, forces always come in pairs. There can
never be a single force without its action-reaction partner. The momentum
of an object is its mass multiplied times its velocity. When two objects exert
forces on each other in an action-reaction pair, their motions are affected
as a pair. The law of conservation of momentum states that the total
momentum in a system of two interacting objects stays constant. If one
gains momentum, the other loses the same amount, leaving the total
unchanged.
Potential energy is energy due to position - like height. Kinetic energy is the
energy of motion. When you throw a ball up in the air, kinetic energy is
stored as potential energy as the ball moves up in the air against gravity.

When the ball falls back to Earth, potential energy is converted back to
kinetic energy, and the ball’s total energy stays the same. The idea that
energy converts from one form to another without a change in the total
amount is called the law of conservation of energy.

Investigation Vocabulary

Newton’s third law, momentum, law of conservation of momentum,
potential energy, kinetic energy, law of conservation of energy

Investigation 3A:
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Activities

Key Question

Time

Comments

Momentum and the Third Law

Perform collision experiments

Measure time intervals

Calculate speed using measured time intervals
Calculate momentum

Describe activity using the law of conservation of
momentum.

What makes moving objects keep going at the same
speed in the same direction?

One class period

This investigation involves the car and track in an
interesting collision experiment. Through their data,
students come to understand the law of conservation of
momentum.

Unit 1: Forces and Motion

Investigation 3B:

Activities

Key Question
Time

Comments

Conservation of Energy

Measure time intervals

Calculate speed using measured time intervals
Measure height

Graph the speed vs. height of the car

Calculate potential energy

Use energy conservation to derive a formula for
the speed of the car in terms of energy

What limits how much a system may change?

One class period

This investigation again uses the car and track. Students
use their data to calculate potential energy and derive a
new way to determine the speed of the car.



Setup Information

Setup and Materials A

Students work in groups of three to five.

Each group should have:

e Carand track (2 cars needed)
e Timer and 2 photogates

*  Mass balance

*  Two magnets

e Rubber bands

« Clay

Setup and Materials B

Students work in groups of three to five.

Each group should have:

e Carand track
e Mass balance
*  Meter stick

e Physics stand
 Clay

Chapter 3 Student Text Objectives

Use Newton’s third law to explain various situations.

Explain the relationship between the third law and conservation of
momentum.

Solve momentum and impulse problems.

Describe work and energy.

Calculate potential and kinetic energy.

Apply the law of conservation of energy to explain the motion of an object
acted on by gravity.

Distinguish between elastic and inelastic collisions.

Use momentum conservation to solve collision problems.

Explain how momentum, impulse, force, and time are related.

Skill and Practice Sheets

3.1 Applying Newton's Laws of Mation

3.1 Momentum

3.1 Impulse

3.1 Momentum Conservation

3.2 Work

3.2 Potential and Kinetic Energy

3.3 Collisions and Conservation of Momentum

Other Resources

Math Sheets: Order of Operations Part 1, Order of Operations Part 2,
Evaluating Algebraic Expressions, Inverse, Inverse Operations

Color Teaching Tools: Newton’s Third Law of Motion, Momentum and
Impulse, Work, Kinetic and Potential Energy
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Investigation 3A Dialog

L Introduction:

90

Making a collision

Forces always come in pairs.

A collision occurs whenever two or
more objects interact, such as bouncing off
one another.

Speed before - the speed before the
collision occurs.

Speed after - the speed after the collision
occeurs.

Target car - the car that will be hit.

Moving car - the car that is launched and
will hit the target.

Clean collision - a collision in which
neither car falls off the track.

Unit 1: Forces and Motion

Today’s investigation is about how things balance out in the universe. | would like to have two volunteers come up
to the front of the class and push against each other. Describe what you are feeling on your hands as you push
against each other. Suppose only one of view tries to push and the other one just tries to hold your ground. Does the
person who is not trying to push still feel a force?
That students should realize that they feel a force on their hands whether they are trying to push or not.
It turns out that forces are never lonely. Forces only come in pairs. When one of you pushes against the other, that
is a force we call the action force. However, the person pushing also feels a force pushing them back which is a
reaction to the force they apply. Any time there is an action force, there is also an equal and oppositely directed
reaction force. That is what | mean by forces always come in pairs. This effect is particularly important in colli-
sions. In physics, a collision occurs whenever to or more objects interact, such as bouncing off one another. Today
you are going to make small collisions between two cars on the track. By measuring the speeds of the cars before
and after the collision, we will learn about a new law of nature, the law of conservation of momentum. We will also
learned about newtons third law, that third and last of newtons three laws of motion.
Set up a demonstration with the long straight track in front of the room and demonstrate how to launch cars and
observe the collision. It is important to do a demonstration first so students know what they are expected to do
with this investigation since there are some tricky techniques, such as launching the car without making it fall
off the track. The demonstration also serves to clarify the meaning of “collision”, “speed before”, “speed after”,
“target car” and “moving car”.
Now | want each of you to set up your track the same way. The track should be level, which you can do by launch-
ing one car and getting equal time through the photogates. The target car as a rubber band wrapped around it that
makes it bounce back when the moving car hits it. To make the bounce effective, the pointy end of the moving car
must hit the indented end of the target car.
Hold up the car and demonstrate the rubber band placement and how the cars must get each other to bounce
correctly (pointy end hits indented end with rubber band). Allow the students to practice launching the moving
car and getting clean collisions with the target car. A clean collision is one for which neither car falls off the
track after the collision.
We will use the photogates to measure the speeds of the car before and after the collision. This is a little tricky
because one car might go through the same photogates twice once going in and once bouncing back. the trick is
solved using the memory function of the timer. When you press and hold the memory button the timer displays the
last value of the time indicated by the A and B lights. If only the A light is on, the display shows the most recent
time for the car to pass through photogate A. Holding the memory button causes the timer to display that time from
the second most recent past through the photogate. If the moving car bounces off the target car it passes through
photogate a twice. With just the A light on, the display shows the time from the car after it bounces, after the colli-
sion because that is the car’s most recent pass through photogate A. Holding down the memory button allows you
to see the time from the car before the collision since that is the second most recent pass through the photogate.
Circulate and assist students to make and interpret time measurements that involve multiple passes through one
photogate. Stress that careful observation and making good notes is the best way to interpret that data. It is easy
to get confused about which time was before the collision and which time was after the collision.



Momentum and the Third Law

Question for this Investigation:

What makes moving objects keep going at the same speed in the same direction?

When you throw a ball it goes in the direction you threw it and does not suddenly turn one way or another
unless a big force is applied. If you did try to deflect the ball you would find that for every force you apply to
the ball, the ball exerts an equal and opposite force against your hand. This Investigation is about momentum
and Newton’s third law: the law of action and reaction.

Materials
Car and track (need 2 cars) «  Timer ¢ Mass balance
two magnets *  Rubber bands « Clay

L Making a collision

1. Set up the long straight track with a rubber band launcher on one stop and a clay ball on the other.
Use the photogates to adjust the track so it is level (same time through A and B).

2. Put a photogate on either side of the center. Photogate A should be closest to the rubber band.

3. Wrap one car with a rubber band and put it between the photogates. This is the target car. The car
should have 1 steel ball and the “V” should be facing the launching end of the track.

4. Launch the other car from the rubber band launcher with your finger. This is the moving car. This
car should also have 1 steel ball and should have its pointed nose facing the target car. The cars will
collide with each other at the center of the track.

5. After each collision, record the times through photogates A and B. You may have to use the
memory button to see the time if the moving car goes through twice (bounces back). Observe the
direction and motion of both cars after the collision.

12

Investigation 3A Examples and Data

A

There are no questions to answer in part 1.
2.Sample data:

Table 1: Collision data

Rolling car Rolling car Target car

Mass Mass before after after
of of collision collision collision
target rolling
(T(ar) (T(ar) i Time S;();(/ad Time S;();(/ad
g g
(sec) sec) (sec) sec) (sec) sec)
0.056 | 0.056 |0.0155| 0.64 0 0 .0168 | 0.60
0.112 | 0.112 |0.0207| 0.48 0 0 .0211 | 047

0.056 | 0.112 [0.0207 | 0.48 |[0.0618| 0.16 |(0.0185| 0.54
0.112 | 0.056 |0.0153| 0.65 |0.1029| 0.10 |0.0277| 0.36
0.112 | 0.056 |0.0115| 0.87 |0.0625| 0.16 |0.0207 | 0.48
0.056 | 0.112 (0.0162| 0.62 |[0.0704| 0.14 (0.0129| 0.78
0.112 | 0.112 |0.0162| 0.62 0 0 ]0.0177( 0.57
0.056 | 0.056 |0.0110( 0.91 0 0 10.0128( 0.78

A

2a. Before the collision the rolling car approached the target car
with a speed of 0.53 m/sec. After the collision, the rolling car
stopped completely, and the target car rolled away at a speed
nearly identical to the incoming target car, 0.52 m/sec.

2b. The target car must exert a force that is equal and opposite to the
force of the rolling car. This was observed as the rolling car
came to a complete stop and the target car rolled away with
almost the exact speed of the rolling car.

2¢. Newton’s third law applies to the collision by stating what we
observed; Whenever one object exerts a force on another, the
second object exerts an equal and opposite force on the first.

Shown on next page

Chapter 3: Conservation Laws o1



Investigation 3A Dialog

92

A Thinking about what

you observed

The target car exerts an action force on the
rolling car, making it stop.

The reaction force is the rolling car
pushing up against the target car.

It does not matter which force you call the
action and which you call the reaction.

There can never be an action force without
a reaction force.

hl\/lomentum

The momentum of an object is its mass
multiplied times its velocity.

p=mv

LThinking about what

you observed

The total momentum of the system (both
cars) before and after the collision remains
constant.

v = (mg/my) (Vo - VR)

where mg/my is the ratio of masses
(vg - vR) is the change in speed

Unit 1: Forces and Motion

For the first experiment both cars should have the same mass. Describe the speed and position of the cars before
and after the collision. Use the photogates to measure the times and speeds before and after the collision.
Students should take data to complete table 1 with cars of equal mass. They should make several trials to ensure
consistent results.
The target car must exert a force on the rolling cart to make it stop. What force makes the target cart move?
Use this example to explain action and reaction. The target car exerts an action force on the rolling car to make
it stop. The reaction force is the rolling car pushing against the target car, which makes the target car move.
It does not matter which force you call the action and which is the reaction. The words action and reaction are just
labels. If you choose to call one force the action, then the other force is the reaction. The important idea is that there
can never be an action force without a reaction force. The action force and reaction force have exactly the same
strength, always. The action force and reaction force point in exactly opposite directions, always. The action force
and reaction force always act on different objects. If the action force is the target car acting on the moving car, then
the reaction force is the moving car acting on the target car. The action force acts on the moving car and the reac-
tion force acts on the target car.
It is worth ten or fifteen minutes discussion of action and reaction because this concept is elusive. Ask students
to come up with other examples and point out the action and reaction forces. After a half dozen examples they
realize that there are always action and reaction forces. Many times the reaction force is a normal force, such as
the floor acting back up against the legs of a chair to keep the chair from falling through the floor.

Newtons third law leads to another interesting property: momentum. The momentum of an object is its mass multi-
plied by its velocity. Momentum is changed by force. Force causes acceleration which changes velocity, which
changes momentum. If the action and reaction forces are always equal and opposite, then the change in momentum
for two objects in a collision must also be equal and opposite. If this sounds like a complicated idea, let’s do a few
experiments to see how it works. Try bouncing cars off each other that have different mass. There are four combi-
nations shown in part three of the investigation. Take data for all four combinations being sure to observe the direc-
tion of motion before and after the collision for both cars.
Students should repeat the experiment several times with different masses.

Describe the motion before and after the collision when the rolling car has a lower mass than the target car.
Describe the motion when the rolling car has a greater mass than the target car.
When the rolling car has lower mass, it bounces back in the direction it came. The target car moves forward at
a speed that is less than the rolling car had before the collision. When the rolling car has greater mass then it
rolls forward after the collision in the same direction it was going before the collision, although slower. The tar-
get car also moves forward, but at a greater speed than the rolling car after the collision.
We can understand the collision by thinking about momentum. Because the forces are always equal and opposite,
when the action force transfers momentum to the target car the reaction force transfers the same amount of momen-
tum away from the rolling car. The total momentum of the system (both cars) before and after the collision remains
constant. We use this law to predict the speed of the target car after the collision from measurements of how the
speed of the rolling car changed during the collision, and the masses of both cars.
Work through the conservation of momentum on the blackboard. Show that the target car (after the collision)
has a speed given by v = (mg/my) (Vg - VR), Where mg/m+ is the ratio of masses and (vq - Vg) is the change in
speed for the rolling car. (assuming + is the direction of the rolling car before the collision)



Investigation 3A Examples and Data

A

Mass of
target car rolling
(kg) car

Thinking about what you observed.

Table I: Collision data
Rolling car before Rolling car after
collision collision collision
Photogat Speed Photogat Speed
(kg) e (m/sec) e (m/sec) e (m/sec)
(sec) (sec) (sec)

Mass of Target car after

Photogat Speed

<

A

a.
b.

c.

Consider two colliding cars of equal mass. Describe in words the motion of the two cars before and
after the collision.

The target car must exert a force on the rolling car to stop it. How strong is this force relative to the
force the rolling car exerts on the target car to get it moving? What experimental evidence supports
your answer?

Look up Newton’s third law and state how it applies to the collision of the two cars.

Momentum

1. Try the experiment with the four combinations of mass shown above. Add the data to Table 1.
2. Try the experiment for several different speeds of the moving car.

Thinking about what you observed
Describe the motion of the two cars when the target car has more mass than the rolling car.
Describe the motion of the two cars when the target car has less mass than the rolling car.

Research and write down a formula for the momentum of a moving object. State what each of the
variables are and what units they have.

Calculate the total momentum of the two cars before and after each collision. Be sure to remember that
momentum can be positive or negative depending on the direction of motion.

Research and write down the law of conservation of momentum. Describe how your data either support
or do not support this law.

13

AA

There are no questions to answer in part 3.

4a. The rolling car bounces backward slowly and the target car
moves forward slowly.

4b. The rolling car keeps rolling forward and the target car shoots
forward very fast.

4c.  Momentum is equal to an object’s velocity multiplied by its
mass.

4d. Sample answers:

Momentum after

Momentum before

(kg-m/sec) (kg-m/sec)
1 0.0445 0.0437
2 0.0358 0.3360
3 0.0538 0.0526
4 0.0538 0.0481
5 0.0364 0.0343
6 0.0487 0.0448
7 0.0694 0.0597
8 0.0694 0.0638
9 0.0510 0.0437

4e. The law of conservation of momentum states that with no
outside forces, the total momentum of a system is constant
although momentum may be transferred within the system. This
seems to be the case with our data. There always seems to be
less momentum after the collision. This is due to friction in the
rubber band, and the inertia of the target car.

Chapter 3: Conservation Laws o3



Investigation 3B Dialog

Llntroduction:
energy exchange from
potential to kinetic

Energy measures a system’s ability to
change or to cause change in other
systems.

hThinking about what
you observed

KAnaIyzing the data

Potential energy is the energy stored
in position (against gravity).

E, =mgh
m = mass
g = gravity
h = height

o4 Unit 1: Forces and Motion

Let’s review what we know about energy. Can anyone remember a definition for energy?
Energy measures a system’s ability to change or to cause change in other systems. Change may take many
forms. Change could include change in height, change in mass, change in pressure, change and speed tempera-
ture, or any other change which can be described by a variable.
Today we are going to make our definition of energy more exact. Our goal is to be able to predict exactly how fast
the car is moving after rolling down a hill. Follow the instructions on page 14 to set up the track with a hill and a
level section.
Circulate and assist students to put the apparatus together. It is important that the level section the level this
time. Use a bubble level for this. Once the track is level, students should leave it in the same position so as not
to change its adjustment. If you have multiple groups going, you may choose to have some groups set up the
shallow ten degree hill and others set up the steeper twenty degree hill. This way you can compare data and
show that the vertical height that the car drops is the most important factor.
We will use the upper stop to provide a repeatable starting point for the car. The clay ball on the lower stop will
stop the car. The string provides a horizontal reference for measuring the height of the car at the start. It is impor-
tant that the string be parallel to the level section of the track or you will not get an accurate measure of height.
Check the setup for each groups apparatus.
We are going to take a lot of measurements. We want to measure the speed of the car as we change the height from
which it is released and also the mass of the car. Measure the height from the dot at the center of the car to the hor-
izontal string. Record the height and mass measurements in table one along with the photogate time and your cal-
culated speed.
This is the main body of the first activity, and should take twenty to twenty five minutes.

Make a graph showing the speed of the car versus the height from which it was released. Use different shape points
for different masses but plot all of the data on the same graph. What does this graph show you?
The graphic should show an inverse relationship between height and speed and should also show that mass is
almost irrelevant.

What are the two most important forms of energy that we should include when trying to understand the motion of
the car?

Prompt students to answer potential energy and Kinetic energy
Potential energy is energy that a system has because of its position relative to the center of the earth. The true name
is gravitational potential energy, because there are other forms of potential energy. However, in this class when we
say potential energy you can assume it is gravitational potential energy. The higher you go, the more potential
energy you have. If an object moves down it is able to release potential energy by transferring that energy to other
objects or by increasing its own speed. The amount of energy available is equal to the mass of the object (m) multi-
plied by the strength of gravity (g) multiplied by the vertical distance the object moves (h). If an object moves
down twice as far, then twice as much energy is available to be converted into other forms. That is why falling
objects go faster the farther they are allowed to fall.

Review the potential energy formula on the blackboard.
The hill on the track is a form of falling too. The energy that speeds up the car comes from the car falling down the
hill. That is why measuring the height in the vertical direction is important.



Conservation of Energy

Question for this Investigation:

What limits how much a system may change?

A car launched up the hill at a given speed will never go higher than a certain point. A car rolling downhill
will only reach a certain speed. Why? The answer is that nature keeps an exact balance of energy. Speed uses
one form of energy and height uses another. This Investigation explores the exchange of energy.

Materials
Car and track «  Mass balance ¢ Meter stick
Physics stand « Clay

L Energy exchange from potential to kinetic

1. Set up the track with the steeper hill and a level section. Make the level section as level as you can.

2. Thread a string though the hole in the lower stop and use a photogate to clamp the other end of the
string to the stand. Adjust the string so it is parallel to the level section of the track.

3. Put a photogate at the bottom of the hill on the level section.

4. Drop the car from each 5-cm mark on the hill and measure the speed with the photogate. Measure
the height of the car from the string to the center of the car.

5. Measure the mass of the car. Do the experiment for at least two different masses.

Table |: Downhill data

Drop Height (m) Mass of car (kg) Photogate time (sec) Speed (m/sec)

14

AA

1. Sample data:
Table 1: Downhill data

Investigation 3B Examples and Data

Drop height (m) Mass of car (kg) Time (sec) Speed (m/sec)
0.018 0.056 0.0206 0.485
0.052 0.056 0.0113 0.885
0.086 0.056 0.0087 1.149
0.121 0.056 0.0073 1.370
0.155 0.056 0.0064 1.563
0.190 0.056 0.0057 1.754
0.018 0.112 0.0202 0.495
0.052 0.112 0.0112 0.893
0.086 0.112 0.0086 1.163
0.121 0.112 0.0072 1.389
0.155 0.112 0.0063 1.587
0.190 0.112 0.0057 1.763

2a.

04

Height (m)
o
w

02

2b. The graph tell us that as height is increased, the car’s speed
increases as well.

Chapter 3: Conservation Laws
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Investigation 3B Dialog

Kinetic energy is the energy of The other important form of energy is kinetic energy. The kinetic energy of a moving object depends on its mass
motion. It depends on an object’s mass and and speed. The fact that the speed is squared means an object which has twice the speed has four times as much
speed. kinetic energy because 22 is 4. Tripling the speed takes nine times as much energy because 3% = 9.
Ey - 1/2 mv? Use in the blackboard to explain Ey - 1/2 mv?.

Can anyone state the law of conservation of energy for me? First do it in words, and then in formulas. What does
m = mass this law mean when applied to the car rolling down the track?
v = speed The law of conservation of energy says that energy can never be created or destroyed, just converted between

one form and another. The total energy content of the universe is the same, forever. If energy cannot come in or
mgh = 1/2mv? out on a system, the total amount of energy in the system must be constant. That means the increase in kinetic
) energy as the car speeds up must exactly equal the decrease in potential energy as the car falls down.

gh=v To make it exact, let’s apply the formulas. The energy before the car is released is the same as the energy at all

other times along the track. Of course, this isn’t exactly true since friction dissipates some energy. The energy taken
by friction isn’t really lost, it is just converted to heat, wearing away of the wood and rubber and other forms that
v \/J diminis_h the amount that is avai_lable to _b«_acome kinetic energy. _ o
Derive the energy conservation condition on the board, potential energy at the start (mgh) equals kinetic energy

at the bottom of the hill (1/2 mv?).
Notice that the mass cancels out on this equation from both sides. What does that mean? Is this conclusion sup-
ported by your experimental evidence?
The fact that mass cancels indicates that the speed of the car at the bottom of the hill is independent of mass,
this should confirm an observation to students have already made.
We can use the formula we just derived from energy conservation to predict the speed of the car at any drop height.
Fill in the predicted speed in table 2 using the energy conservation formula. How does this predicted speed com-
pare with the speeds you actually measured? Plot both the predicted speed and the measured speed against the
height on a single graph.
Circulate and assist students to do the data analysis and make the graph. They should find that the predicted
speeds are just a little higher than the actual speeds. Frictional losses account for between five and ten percent
of the initial potential energy.

h Thinkin g about what What might explain the difference between the measured and predicted speeds? Does anyone think that energy
conservation is not true?
youo bserved Discuss the effect of friction. It is also worth discussing the difference between the term “energy conservation”

as used in physics and “conserving energy” as used in common speech. Energy can never be created or
destroyed, just changed in form. Conserving energy means using less energy in the form of electricity and fossil
fuels. This energy is not used up in the sense that it is gone, it is just transformed into heat and where and other
forms which are not as useful as electricity or gasoline. It is impractical to put the energy back into its useful
form once the electricity has been used to do work or the gasoline has been burned in an engine.

When the car bounces off the rubber band, there is another transformation of energy. Can anyone describe the flow

of energy as in the car bounces off the rubber band and goes back uphill?
Discuss the energy transformations that occur. The energy starts as potential energy, becomes kinetic energy as
the car rolls along the level section, then becomes elastic potential energy as the rubber band stretches. The
elastic potential energy becomes kinetic again as the car balances off the rubber band.

Energy can never be created or destroyed,
just changed in form.

06 Unit 1: Forces and Motion



Investigation 3B Examples and Data

h Thinking about what you observed

a. Graph the speed of the car vs. the height. Use different symbols for different masses.
b. What does the graph tell you about the relationship between speed and height?
h Analyzing the data
a. Use the formula for potential energy to fill in the first column of Table 2.
b. Use energy conservation to derive a formula for the speed of the car in terms of the energy it has at the
start. (Hint: your formula should include only two variables, energy and height.)
c. Use the formula you just derived to fill in the column for the predicted speed of the car.
d. Plot the curve for the predicted speed on the same graph as you made in part 2a above.

Table 2: Energy data and predicted speeds

Drop Height (m) Potential energy Predicted speed Measured speed from
) (m/sec) Table 1
(m/sec)

a.

b.

h Thinking about what you observed

Explain the relationship between speed and height using the idea of energy conservation.

Explain any difference between the predicted and measured speeds. If there is a difference, what does it
tell you about the energy of the car as it rolls along the track?

Did changing the mass have a significant effect on the relationship between height and speed? How
does your data support your answer?

Let the car roll downhill, bounce off the rubber band and go back up hill again. Does it reach the same
height as it was dropped from? Explain why or why not using the idea of energy conservation.

Challenge experiment. Use a rubber band to launch the car uphill so it goes through the photogate with
the same speed as it had going down. You won’t be able to get it precisely the same, but come as close
as you can. If the speeds are the same, the car’s kinetic energy is also the same. Does the car reach the
same height on the hill that it was dropped from to get the same speed in part 1? Explain any difference
using the idea of energy lost to friction.

15
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Table 2: Energy data and predicted speeds

Drop height Potential energy Predicted speed Measured speed
()] (Q)) (m/sec) (m/sec)
0.018 0.010 0.594 0.485
0.052 0.029 1.010 0.885
0.086 0.047 1.300 1.149
0.121 0.066 1.540 1.370
0.155 0.085 1.743 1.563
0.190 0.104 1.930 1.754

3d.

4a.

4b.

4c.

4d.

4e.

Potential energy increases as the car’s drop height increases. The initial potential
energy of the car is what is converted into kinetic energy and speed. The greater
the drop height, the greater the speed of the car.

The measured speed of the car was always a little less than the predicted speed
of the car. This means not all of the potential energy available was converted
into kinetic energy. The “missing energy” must have been converted into heat
energy by friction as the car rolled down the track.

The two different masses of the car had almost identical speeds. Mass did not
have a significant effect.

The car never reaches the same height after bouncing back off the rubber band
because as the car rolls, it is continually losing some of energy to friction. The
longer it rolls on the track, the more energy is lost to friction. With less energy, it
can not make it back up the hill to its drop height.

When the car moved on the track there were two forces acting on it. Gravity
was acting on the car in the direction down the hill, and friction, which always
exerts a force in the opposite direction of motion, was acting on the car up the
hill. The frictional force subtracted from the force of gravity was the net force
acting on the car. When the car was shot back up the track, gravity was still
acting down the track, opposite to its motion, resulting in the deceleration of the
car. Since friction always exerts a force opposite to the motion, it too exerted a
force down the track. The net force acting on the car moving up the track is the
force of gravity PLUS the force of friction. This net force results in greater
energy loss, and the car doesn’t make it back up to its original drop height.
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