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	CHAPTER 1

Developing Ideas

ACTIVITY 2: Motion and Energy


Chapter 1

Activity 2: Motion and Energy


Purpose
	We use the idea of energy in many ways in everyday life. For example, there is sometimes talk of an ‘energy crisis’ when fuel supplies run low; people eat ‘energy bars’ to keep them going; and we say small children have ‘lots of energy’ when they run around.  So it is probably no surprise to you that scientists associate a form of energy with the motion of an object – they call it kinetic energy. The faster an object is moving, the more kinetic energy it possesses. (Of course, an object at rest possesses no kinetic energy.)  Thus, as the speed of an object changes, the amount of kinetic energy it has also changes.
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In many sports, such as soccer, the speed of the ball (and hence its kinetic energy) changes often. Do you think something has to happen to cause a change in kinetic energy of the ball, or can it just happen on its own?

	[image: image2.wmf]
	What is needed (if anything) to change the kinetic energy of an object?


Initial Ideas

	Think about watching an ice-hockey game. Under what circumstances does the kinetic energy of the puck change during the game? Do these changes just happen on their own, or is some outside influence responsible in every case?  
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Discuss your ideas with your group and then, in the space below, describe some of the changes in the puck’s motion you might see and what, if anything, you think causes each change.
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Participate in a brief class discussion to share your ideas. Make a note of any ideas that are different from those of your group.

Collecting and Interpreting Evidence

Experiment #1: How do pushes and pulls affect speed?

You will need:

	[image: image6.wmf] Low-friction cart

[image: image7.wmf] Track

[image: image8.wmf] Meter stick 
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[image: image11.wmf] Copy of How to use the Motion Sensor
[image: image12.wmf] Access to a Motion Sensor connected to a computer

	STEP 1: Place your cart at rest on the track. Now one of your group should give it a quick hand push. Let the cart move over a distance of about 1 meter and then another member of your group should grab the cart to stop it. (Do not use the Motion Sensor yet.)
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What happens to the cart when your group member pushes it?
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What happens to the cart when the second person grabs it?

	STEP 2: Return the cart to the starting point and now start it moving with a quick pull on the lip at the front of the cart.
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Does the cart behave in approximately the same way when it is pulled, as when it was pushed, or does it behave very differently?
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Does this behavior suggest that pushes and pulls have the same effect on the cart, or very different effects?

(Since pushes and pulls seem to have the same effect on the cart, it does not matter whether you give it a push or a pull to start it moving. However, when using the motion sensor, a pull is often the better choice, since then your hand does not interfere with the sensor.)

STEP 3: Return the cart to the starting point and start it moving with a gentle push (or pull). This time, when the cart reaches about halfway along the track, give it another quick push (or pull), in the same direction as its motion. Stop the cart when it reaches the end of the track.
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What effect does the second push have on the motion of the cart?

STEP 4: Again, return the cart to the starting point and start it moving with a quick push (or pull). As the cart passes the halfway point along the track tap it in the direction opposite its motion very gently with your finger. 

Note: This may take some practice - the tap should not be strong enough to reverse the direction of the cart, nor to stop the cart completely!
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What does this gentle tap do to the motion of the cart? 

STEP 5: Finally, return the cart to the starting point and again start it moving with a quick push (or pull). As the cart passes the halfway point along the track, tap it in the direction opposite its motion with your finger so that it returns to the starting point at about the same speed as it was moving before your tap. 
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What effect does this harder tap have on the motion of the cart? 

STEP 6: In all the situations you looked at above, it is evident that the speed, or direction, of the cart changed when someone’s hand did something to it. Do you think such changes happen instantaneously, or is there a gradual change (over a short period of time) from one value to another? 

Consider this conversation between two students, who were discussing their ideas of how the speed of the cart changed when it was given a quick tap in the direction it was already moving, and its speed increased from 20 cm/s to 40 cm/s. 
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Do you agree with Kristen or Amara (or neither of them)? Explain your thinking.

STEP 7: You can use the Motion Sensor to check your ideas. Open the Motion Sensor data collection file for this activity on your computer. Record speed-time data while you repeat the experiments from STEPS 1, 3, 4, and 5, starting the cart about 20 – 30 cm in front of the Motion Sensor each time.
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Sketch the speed-time graphs produced by the Motion Sensor from STEPS 1,3,4, and 5 below. 

	STEP 1: Single quick push
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	STEP 3: Forward push while moving
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	STEP 4:  Gentle backward tap while moving
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	STEP 5: Tap to return to start

[image: image29.png]Speed (cm/s)

100

Speed versus Time

80|

60

40

20

0.0

1.0 20 3.0
Time (s)

4.0







[image: image30.jpg]



Look at all of the graphs you drew above. In each case, when someone’s hand was doing something to the cart, did its kinetic energy change in some way, or did it stay about the same? What evidence from the speed-time graphs supports your idea?
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Did the changes in speed in each graph happen over a period of time (however short) or did they happen instantaneously (jump from one value to another in an instant)? How do the graphs tell you this? 

STEP 8: How do you think the changes in speed of the cart are related to the contact between it and the hand? To help you think about this question consider the speed-time graph shown here, for a cart that was given a quick shove and then moved along the track (as in STEP 1 above).
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Mark the whole period on this graph where you think the hand was in contact with the cart. Mark an ‘X’ at the end of this period to show the point where you think the hand lost contact with the cart. Explain your reasoning.
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Your instructor will now show you a slow-motion video of a hand giving a quick shove to a cart to start it moving. The video also shows speed-time data being recorded for the motion of the cart.
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What does the video show about the relationship between when the hand is in contact with the cart and when the speed of the cart is increasing? 
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Does this evidence agree with your indicated period on the graph above? If not, mark a new period (and the point at which contact is lost) on the graph and label it appropriately.
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Now return to the speed-time graphs you drew above in STEP 7 and use a different colored pencil to shade in the periods of each graph during which you think the hand was in contact with the cart. Briefly explain below why you chose those particular sections.

Experiment #2: Is it only people that can change the kinetic energy of objects?

You will need:

[image: image37.wmf] Two low friction carts (work with another group if necessary)

[image: image38.wmf] Track

[image: image39.wmf] Meter stick

[image: image40.wmf] Colored pencils

STEP 1: In Experiment #1 you saw how the speed of a cart changes while someone is pushing or pulling it. Is it only people that can do this or could it be done another way?

Working with another group if necessary, place two carts on the track, about 20 - 30 cm apart. Make sure of the following:

· The two ends of the carts facing each other will not stick together with any Velcro™ pads there may be on them.

· There are no magnetic effects between the ends of the carts that face each other.

· There is no spring-loaded plunger in either of the ends of the carts that face each other.

Now give one of the carts (we will call this the launched cart) a gentle shove with your hand so that it collides with the other cart (we will call this the target cart). Watch carefully what happens to the motion of the two carts during the collision between them.
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Describe what happens during the collision.
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Does the kinetic energy of the launched cart change during the collision? How do you know?
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Does the kinetic energy of the target cart change during the collision? How do you know?

[image: image45.jpg]



What, if anything, do you think caused the kinetic energy of each cart to change?

Interactions and Energy
When scientists study the natural world they focus their attention on different types of interactions between objects.  When two objects interact they act on or influence each other in some way.  In this course you will be studying many different types of interactions. In each case you will study what evidence you would look for to identify the occurrence of each interaction and will learn how to describe these interactions in different ways. 

We will call an interaction in which two objects in contact push or pull on each other a contact interaction. If this is the only interaction influencing the two objects then during the interaction there will be a change in speed (or direction) for at least one of them
. 

In this activity you have already examined contact interactions between two stiff (or rigid) objects, like that between the two carts. (In the next two activities you will be considering other types of contact interaction.)

[image: image46.jpg]



Energy Diagrams

In terms of energy, the action or influence during an interaction changes some form of energy associated with the objects involved. Scientists sometimes use energy diagrams to describe interactions, and we will also do this throughout much of the course. Before the collision between the two carts, the launched cart had some kinetic energy and the target cart had none. After the collision, the target cart was moving, and hence had more kinetic energy than before. However, the launched cart stopped (or was moving more slowly) so it had less kinetic energy than before. We can represent these ‘before and after’ situations, in terms of energy, using diagrams like these:

	Before interaction between carts
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	After interaction between carts
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These energy changes suggest that during an interaction there is a transfer of energy between the objects involved. When there is such an energy transfer, one object must be the provider of the energy.  This object is called the energy source because it supplies the energy that is transferred.  The other object gains the energy transferred to it, so it is called the energy receiver. So, during the short period of time the two carts were in contact, they interacted with each other and there was a transfer of energy from the launched cart to the target cart. 

	While this transfer was occurring during the interaction, the kinetic energy of the launched cart was decreasing and the kinetic energy of the target cart was increasing. All this information can be included in an energy diagram, as shown here. 
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In this case we label the energy being transferred as mechanical energy, to identify it as an energy transfer that causes the speed of an object to be affected is some way. We can use the following definition to recognize when mechanical energy is being transferred between objects during an interaction.

When the objects in an interaction push or pull on each other and at least one of them changes its speed, this is evidence for a transfer of Mechanical Energy.

As you move through this course you will encounter other types of energy transfer that will be labeled differently, depending on the evidence used to identify them.  For example, the nature of the energy transfer in an electric circuit, in which a battery transfers energy to a bulb to make it light, is very different from the mechanical energy transfers
 you have seen in this activity. 

We can now put all three of our energy diagrams together to ‘tell the story’ of the collision between the two carts in terms of energy.

	Time



	Before Interaction
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	During Interaction
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	After Interaction
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For simplicity, in most cases from now on we will only draw the energy diagram for the period of time during which the interaction is actually occurring, since it is only then that the energies associated with objects change, and there is an energy transfer between them. We will call this type of a diagram a Source/Receiver (S/R) energy diagram.

In the example of the collision between the two carts the energy changes in the source and receiver involve the same type of energy – kinetic energy. However, this does not have to be the case. When other objects participate in a contact interaction it may not be their kinetic energy that changes.

Chemical Potential Energy

Think about how you use the idea of energy to describe how you feel sometimes. After a good night’s sleep you might get up and feel ‘full of energy’. But after a long day you might say you feel ‘drained of energy’. This seems to suggest that people can store energy internally and that it can increase or decrease. This is indeed true; the food we eat is treated by our bodies (in a complex chemical process) and as a result, energy is stored in chemicals in our bodies. 

We will call this chemical potential energy and it may change when we use our muscles to perform tasks. (The word ‘potential’ is used by scientists for certain types of energy to signify that they have the potential to produce changes in other types of energy, such as a change in kinetic energy in the case of the cart. You will encounter other types of potential energy later in the PET course.)

When a person uses their muscles to increase the speed of an object during a contact interaction their chemical potential energy decreases
. 

With these ideas we can also draw a S/R energy diagram for the situation where you gave the cart a quick shove with your hand to get it moving:
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Describing Interactions

So, the basic description of an interaction in energy terms is:

When any two objects interact, the energy source object transfers energy to the energy receiver object. There is a decrease of some type of energy in the energy source, and an increase of some type of energy in the energy receiver.

To describe any interaction in terms of energy, you should now ask yourself five questions.

· Energy source: which object supplied energy during this interaction?

· Energy decrease: what type(s) of energy changed in the source?

· Energy transfer: what type of energy transfer took place?

· Energy receiver: which object gained energy during this interaction?

· Energy increase: what type(s) of energy changed in the receiver?

As you progress through other PET activities you will describe many more types of interaction in this way.

Summarizing Questions

[image: image54.wmf]
Discuss these questions with your group and note your ideas. Leave space to add any different ideas that may emerge when the whole class discusses their thinking.

S1: 
What evidence would you look for that would tell you that a stationary object is involved in a contact interaction? What if the object is already moving?

S2: 
Another example of a contact interaction is when a soccer player uses his or her muscles to kick a stationary soccer ball. Complete the S/R energy diagram below for what happens during this interaction.
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	S3: 
Shown to the right are speed-time graphs for two carts that were involved in a collision similar to what you observed in experiment #2 of this activity. (To remind you, you gave the ‘launched cart’ a quick push and it then collided with a stationary ‘target cart’.) In this case students used two motion sensors and recorded the speed of both carts over the same period of time.


On the graphs use a colored pencil to indicate:

a) 
The period over which you think the hand was in contact with the launched cart

b) 
The period on both graphs over which you think the two carts were in contact with each other.


	Launched Cart
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Target Cart
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Explain below why you chose these particular periods.

( 
Participate in a class discussion about these summarizing questions. 

Explanations in Science

There are many different types of explanations in science. However, they all have the same general structure in that they make a “claim,” and then support that claim with reasons, using a logical argument. The claim might be some new idea you have about how the world works, that you support with experimental evidence. (For example, an idea about changes in speed during contact interactions that you support with evidence from some speed-time graphs.)  The claim might also be a prediction you make about the outcome of an experiment before you actually do it.  In that case, you might support the claim with some of your ideas about how world works.  (Note that you have already been engaging in these types of explanation in the first two activities in this chapter.) 

A third type of explanation is when you use scientific ideas to construct a logical argument as to why a real-world event that has already taken place happened as it did. This type of explanation is generally what people understand when they refer to a scientific explanation and we will use that terminology also.

In many activities throughout PET, after you have developed some ideas in class about how the world works you will be asked to either write (or evaluate) a scientific explanation in terms of those ideas.  In doing so, it is important that you formulate and write a well-crafted explanation.  In the following sections we provide some suggestions for how such scientific explanations could be structured. 

I. Describe the situation using a diagram

Most phenomena or events that you will need to “explain” involve situations where there are one or more interactions.  In this Chapter you are learning to describe interactions in terms of energy, so it will usually be appropriate to start your explanation by drawing an energy diagram. 

II. Write the Explanation Narrative

Use the diagram to guide the written part of the explanation; that is, translate the various parts of the diagram into words. If your explanation involves some claims about how some observable aspect of an object changes, make sure you connect this aspect to some change in energy. (For example, connect any changes in speed to changes in kinetic energy.) Somewhere within your written narrative (often the last sentence) you should also make a specific connection to the actual event being explained.  That connection helps make your written explanation logically consistent. Also, be sure that your explanation focuses on the interactions being asked about, and not on other interactions that happened before, or after.

As you write the explanation narrative, keep the following three criteria in mind:

· Your explanation should be accurate: all included ideas correspond to ideas agreed upon by the class

· Your explanation should be complete:  all the ideas needed to make your case are included

· Your reasoning should be logical and clear: your narrative should explicitly connect the included ideas to the phenomenon or event you are explaining, and it should be well written and easy to follow.

These criteria of accuracy, completeness, and logical reasoning and clarity should also be used to evaluate the energy diagrams and explanations written by others.  If all the criteria are met, the explanation should be considered “good.”  If at least one of the criteria is not met, then the explanation should be considered “poor” and in need of revision. 

Earlier in this activity you pushed a low-friction cart so that it collided with a stationary cart. The following should be considered as an example of a good explanation, using ideas about energy, of why the stationary cart started to move as a result of the collision.
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Explanation #1: Why did the target cart start to move when the launched cart collided with it?

Note that this is a question about the collision between the two carts. Therefore the explanation should focus on the contact interaction between the two carts and not on the interaction between the hand and the launched cart that started that cart moving.

Describe the Situation using a diagram:  (You have already seen this energy diagram earlier in the activity.)
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Write the narrative: 

The launched cart is moving toward the target cart and when they collide there is a contact interaction between them. The energy source during this interaction is the launched cart, and mechanical energy is transferred from it to the target cart, which is the energy receiver. Because of this energy transfer, the kinetic energy of the launched cart decreases while the kinetic energy of the target cart increases. Because the target cart was initially at rest, this increase in its kinetic energy means that it starts to move. 

This explanation was intended to be “good.”  You should now consider how the three criteria introduced earlier are addressed in both the diagram and narrative.
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Completeness: (All ideas needed are included.) Does the explanation identify the interaction responsible for starting the target cart moving and include all the energy transfers and changes necessary to account for why it starts moving?

[image: image61.jpg]



Accuracy: (All ideas included correspond to established ideas.) Do the ideas about interactions, energy transfer and energy changes correspond to ideas the class has discussed and agreed upon? 

[image: image62.jpg]



Logical Reasoning and Clarity: (Narrative connects ideas to the phenomenon, and is well written.) Is the narrative well written? Does it make sense to you? Circle the sentence in the narrative that connects the scientific ideas about interactions and energy changes to why the cart starts moving.

Now consider what happens to the launched cart during the same collision. Use the explanation above to help guide you in writing a scientific explanation for why the launched cart slows down during the collision.

Explanation #2: Why did the launched cart slow down when it collided with the target cart?

Describe the Situation using a diagram:  (Draw an energy diagram for the interaction responsible for slowing the launched cart.)

Write the narrative: (Use the example above as a guide.)
( 
Participate in a class discussion about these scientific explanations. 

I think the speed changes gradually over a short period of time. At different points in time during this period the speed of the cart passes through all the values between 20 cm/s and 40 cm/s.





I disagree. Everything happens so quickly that I think the speed changes in an instant. One moment it’s 20 cm/s, the next it’s 40 cm/s. It’s never anything in between these two values.














� If an object is involved in more than one contact interaction at the same time, then it is possible that the tendency of one interaction to change the speed of the object may cancel the effect of another interaction out, and the speed of the object not change at all. For example, if two people were to try to push the cart along the track in opposite directions (with the same strength push), then the cart would not move at all, even though it is involved in two interactions simultaneously. 


� Although we have introduced the idea of a transfer of mechanical energy in the context of contact interactions, it is important to note that the evidence for a transfer of mechanical energy during an interaction does NOT require that the interacting objects be in contact, only that there is a change in speed of at least one of them. This distinction will become important in later chapters when we will examine interactions in which objects do not touch each other, but do change their speeds as a result of the interaction between them.





� However, when a person uses their muscles to slow or stop an object during a contact interaction their chemical energy does not increase. Instead, some other energy changes take place that we will not go into here.
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