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)SPH3U: The Inertia Principle			     

You kick a ball and watch it sail off. You toss a ball upwards and it reaches a great height. You push a cart along the ground and let go. There is no great surprise that it keeps traveling forwards for a while. But why does it continue moving forward? The answer to that question requires some careful thinking. Warm up those brain cells!

A: Systems and Interactions
Your teacher has a cart set up on a track with a motion detector and a force sensor. The cart glides very smoothly along the track so the force of friction is small enough to ignore. Our experiment has three events: (1) the cart is released from rest and the counterweight pulls on it, (2) the counterweight hits the ground, and (3) the cart reaches the end of the track. 

A system is the object or collection of objects we are interested in studying. At our level of physics, we will think of the system as a single object with the combined mass of all the objects inside.  The environment is composed of the other objects outside of the system which interact with the system. Each interaction leads to one or occasionally two forces.

1. Reason. For today’s investigation the system is the cart and the collection of masses. In this experiment, what objects in the environment may be interacting with the system? (You should mention three.)




An interaction diagram helps us to visualize the interactions between the system objects and the environment. Start by writing the name (or an abbreviation) for each object involved in the interactions. Draw a dashed line around the system objects to highlight them. Draw an interaction line between each pair of objects for each interaction. Label these lines with a letter similar to the ones you use to label forces.

	Interaction Diagram
 (
cart
masses
earth
track
counter-weight
n
t
g
n
)
	Force Diagram


2. Interpret. Examine the interaction diagram shown below. Does this diagram correspond to the interval between events 1 and 2, or between events 2 and 3? Explain.




3. Interpret. Complete the force diagram for the system of the cart and masses. Describe which forces you chose to draw and why. 





Force diagrams only show external forces - the forces from interactions between system objects and the environment. They do not show forces from interactions between the system objects.

B: When does the force start and stop?
Let’s return to our experiment. 
 (
v
t
t
F
)
1. Predict. Complete the graph showing your prediction for the velocity of the cart during the experiment. Use a dashed line. Label the three events.

2. Test. (as a class) Observe the results from the computer. Record the readings for the force probe showing your teacher’s push. 

3.  (
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3
)Reason. Marie says, “When the counterweight stops pulling on the cart, the cart continues to move with a constant velocity. This is because the cart carries the pushing force with it.” Is there any evidence for an interaction that would produce a forwards force during the time interval between events 2 and 3? Do you agree or disagree with Marie? Explain.
4. Observe. (as a class) Study the force-time graph from the computer. Does the pulling force end when you predicted? How can you tell?



	FD 1-2
	FD 2-3

	
Fnet x = 
	
Fnet x = 


5. Represent. Draw a FD for the system during each time interval. Include a wiggly acceleration vector where appropriate. Write an expression for the net force during each interval.

6. Reason. Use Newton’s 1st law to help explain what happens to the cart between events 2 and 3. 






C: Throw in the Towel
Now we will repeat this experiment with just one change – a piece of paper towel is taped underneath the cart such that it rubs on the track as the cart moves. 
	ID

	 (
v
t
t
a
)

	FD 1-2
	FD 2-3

	
Fnet x = 
	
Fnet x = 



1. Reason. The system is the cart, masses and towel. In this second experiment there are now four interactions. Draw an interaction diagram  (ID) for the first interval of time.

2. Observe and Predict. (as a class) Watch as your teacher performs the experiment without collecting data. Draw your prediction for what you think the velocity and acceleration graphs will look like.

3. Test and Explain. Watch a second time and compare your predictions with the data. Is there any evidence for the presence of a force during the second time interval?






4. Reason and Represent. Draw a FD for the cart for the two intervals. Include an acceleration vector. Explain how you decide to draw the lengths of the horizontal force vectors. Write an expression for Fnet x.






5. Reason. Isaac says, “How is it possible for the cart to keep moving forward during the second interval when the only horizontal force is backwards?”  Explain to Isaac why it does.





All matter has a special property called inertia. When forces are unbalanced, it takes time for the velocity of an object to change. In some cases the time interval can be very small, but it is never zero. We will call this idea the inertia principle. The amount of time is related to the size of the net force and the amount of inertia (the mass).

SPH3U: Forces as Interactions
 (
Recorder: _________________
Manager: _________________
Speaker:  __________________
0  1
  2  3  4  5
                  
)
A: Truck vs. Car!
1. 

Predict. (Individually) Imagine a car and a truck push on one another or collide. We want to explore the forces that arise in a few of these situations. For each situation consider two possible forces: the force the truck exerts on the car, , and the force the car exerts on the truck, . Decide based on the situation, whether each force is present and, if both are, compare their magnitudes. When finished, record your results on the board.

	Situation
	Exists?
	Compare
(<, >, =)

	
	

	

	

	a) A truck pushes a stalled car from behind. They move together at a constant velocity.
	[image: ][image: ]
	
	
	

	b) A fast moving car hits a truck at rest.

	    [image: ]        [image: ]
	
	
	

	c) A fast truck hits a car at rest.


	[image: ]         [image: ]
	
	
	

	d) A truck tows a car. They are speeding up together.

	[image: ][image: ]
	
	
	



2. Explain. Why, according to common sense, someone might decide that, in example (c), the truck exerts the greater force.




B: Analysis - Kinematics
Consider the collision between a quickly moving truck and a car at rest, example (c) from part A. We will model this with a large and small dynamics cart (500 g, 250 g). To the right is a graph showing the v-t data for each throughout the collision. The positive direction is to the right.

1. Explain. How can we tell that the dotted vertical lines correctly represent the starting and ending moments of the collision?






2. Interpret. What is the duration of the collision?


3. Calculate. Use the velocity information to find the average acceleration (including direction) of each cart during the complete collision. Show all your work.






 (
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)
4. Explain. Which cart experienced the greater acceleration? Is this surprising? Describe, in an intuitive way, why this seems reasonable.





5. Reason. Imagine the carts were vehicles in a collision. Which one would you prefer to be in? Explain.





C: Analysis - Forces
It is clear from the data and your calculations that the small cart reacts more during the collision – its acceleration is the greatest. But this is not the end of the story. Acceleration is the result of force, and we have not yet found the forces responsible. In this collision, the forces the carts exert upon one another are much larger than the force of friction. Therefore it is reasonable to ignore friction and assume that there is only one important horizontal force acting on each cart.

1. 

Represent. Draw a FD for each cart showing the horizontal forces. Label the forces , meaning the force of the large cart on the small cart, and , meaning the force of the small cart on the large cart.





2. Calculate. Find the magnitude of the forces on your FDs using your acceleration results. Watch the signs!






3. 

Explain. How does the magnitude of  compare with ? Is this result surprising? Why?






4. Interpret. The force results seem like a contradiction of our common sense. We must re-interpret what our common sense is actually telling us. When we observe a collision between a car and truck, are we observing forces or accelerations? Explain.





5. Explain. Another strange aspect of this result is that forces of equal size produce such different acceleration results. How is this possible?




D: Test this Idea
1. Challenge. Your teacher will use force probes to measure the two interaction forces of the car and truck (the two carts). Come up with a situation where you think the two forces are not the same.
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