Name_________________________________



Topics covered in this lab:

· The force of gravity

· The force of a spring

· The force of friction

· Newton’s Laws

During the last activity in last week’s lab, you were graphing the motion of various objects (human and otherwise) moving down the hallways of Loomis.  One of the things we discussed was acceleration, meaning that the velocity of the object under study was changing. But what causes something to accelerate? Answering that question is the focus of this lab, in which you will be exploring various forces and how they affect the motion of objects.

Please keep in mind that force is a loaded word, with many possible definitions. People commonly use the word force to mean strength, energy, vigor, power, intensity, physical strength, or the mystical power in Star Wars.  Be aware that most of these do not apply to our investigation!  

Experiment 1: Gravity

Materials:

· Something to toss (that wont break)

Toss an object straight up into the air and catch it as it falls back down. Carefully watch its vertical position as a function of time. Repeat enough times that you are confident that you understand the motion of the object. 

In order to answer the following questions, imagine that you were able to measure the distance of the object above your hands, the velocity of the object, and the acceleration of the object, all as a function of time. 

What is the velocity of the object at the very top of its path?

Is the velocity of the object changing during the entire flight or just at certain times?

Explain.

What is the acceleration of the object at the very top of its path?

Does the acceleration of the object change while it is in flight?
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List all of the forces that are acting on the object while it is in flight. Discuss this as a class.

Using the first grid provided on the following page, make a sketch of what you think the distance (above your hands) versus time graph would look like for the object.

Using the second grid provided on the following page make a sketch of what you think the velocity versus time graph would look like for the object.

Using the third grid provided on the following page make a sketch of what you think the acceleration versus time graph would look like for the object.
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Discuss your answers to the above questions, as well as your graphs, as a class.
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Experiment 2: Newton’s 1’st Law, Normal Force & Springs

Materials:

· Skate board

· 2.5N spring scale

· Washers

We learned above that gravity pulls all objects down.  If we drop a ball into a deep hole, it will fall to the bottom of that hole.  In fact, if they could, objects would like to fall to the very center of the earth.  The reason you are not falling toward the center of the earth right now is that the chair you are sitting in is pushing up on you with a force that is exactly equal to your weight. The downward force of gravity (your weight) and the upward force from your chair (often called normal force) cancel each other out. In other words, the total, or net, force that acts on you is zero.

Newton’s 1st Law says that if the net force on some object is zero, then the velocity of that object can’t change.  Let’s investigate this a bit.

Name all of the forces acting on the table in front of you.

What is the velocity of the table?

What was the velocity of the table 5 minutes ago?

Did the velocity of the table change?

What must the net force on the table be?

You have just investigated the simplest consequence of Newton’s 1st Law. If an object is at rest (not moving) then it will stay at rest as long as no net force acts on it.  The net force on the table is zero - gravity pulls down on it and the floor pushes up on it and these two forces exactly cancel – so the table does not move. 

Springs
Hold the top of your spring scale with one hand and gently pull down on the bottom hook with a finger of your other hand.  Can you change the length of the spring without changing how hard you pull on the spring?

One side of the spring scale has lines and numbers which measure force in units of Newtons (N). The reading tells you the size of the force that the spring is pulling with.  The more the spring is stretched, the harder it pulls back.  Hang three steel washers from the bottom hook and write the force reading below:

As the washers are hanging from the hook motionless, what must the net force acting on them be according to Newton?

Name all of the forces acting on the washers. 

In the space below, sketch the washers and draw an arrow to represent each of the forces acting on them. Use the direction of each arrow to indicate the direction of each force, and let the length of each arrow indicate the strength of each force. 
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Discuss this picture as a class. Make additional notes below.

So far we have seen that if something is at rest and there is no net force acting on it, then it stays at rest.  Low let’s examine what happens when something is moving and there is no net force on it.

Each member of your group should do the following experiment: Sit on the skateboard with your feet up on the board too. Start with the board a few yards from a wall, facing the wall.  Have your partners give you a gentle shove so that you start rolling toward the wall.   

While you are getting the shove, what are all of the forces acting on you? Draw a picture below and indicate all of the forces with arrows.
Just after getting the shove, while moving toward the wall, what are all of the forces acting on you? Draw a picture below and indicate all of the forces with arrows.

Describe what you feel when you hit the wall. Discuss as a class.
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Experiment 3: Friction

Materials:

· 2.5N spring scale

· Block of wood

· Washers

Friction is a force that always acts to stop things from sliding.  Last week you slid various objects down the halls of Loomis as you were learning about graphing motion.  You found that when you gave a puck a big shove, starting it with a rather high speed, it nevertheless always slowed down and stopped because of friction. Today we will investigate this force some more.

Use your spring scale to find the mass (in grams) of your block of wood and write it here:

Now use the spring scale to pull the block of wood with a slow constant velocity across the table.  What is the size (in Newtons) of the force the spring pulls with?

[image: image11.emf] 

   

Make a list of all of the forces that are acting on the block of wood as it is being pulled.  Draw a picture of the block of wood and indicate each force with an arrow.  Discuss as a class.

Can you figure out the size (in Newtons) of the force of friction acting on the block? Discuss as a class.

[image: image12.emf] 

   


Use the spring scale to find the mass of 4 washers (write here):

Put 4 washers on top of the wooden block and repeat the above experiment. 
Now how big is the size (in Newtons) of the force of friction acting on the block?
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Can you see a relationship between the force of friction and the total mass of the thing you are pulling (block plus washers)? Discuss as a class.
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Repeat the above experiment, but this time watch the spring scale very carefully as you slowly increase the force while the block is initially at rest.  Compare the size of the force of friction just before the block starts to slide to the size of the force of friction when the block is sliding with constant velocity.  Repeat a few times to be sure. Discuss as a class.
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Finally, repeat the above experiment on another surface (for example the floor or a wooden lab bench). Does the amount of friction depend on the nature of the surfaces involved? Discuss as a class.

Experiment 4: Newton’s 2’nd Law

Materials:

· Skateboard

· 50N spring scale

· Rope
In this experiment you will investigate how acceleration depends on mass and force.  You will do this by measuring how far you pull a “loaded” skateboard in 5 seconds. This distance will be proportional to the acceleration of the board, and your job will be to see how it changes as you change the force you pull with as well as the mass loaded on the board. 

First, let’s predict what will happen. How do you think the acceleration will change if you double the pulling force while keeping the loaded mass the same?

How do you think the acceleration will change if you increase the mass loaded onto the board while keeping the pulling force the same? Discuss your predictions as a class.

Each group has a skateboard, some rope, and a spring scale. You should already have a stopwatch from last week.  One of the people in your group will sit on the skateboard to provide the “load”. (Since its kind of fun, take turns so that everyone gets a chance to try this). 

Invent a method that the people in your group can use to accurately measure how far the board moves (starting from rest) in 5 seconds.  Write your method below and discuss it with the instructor before moving on.

Would it matter if you chose to measure the distance that the board moved in 3 seconds or 8 seconds or some other time, rather than in 5 seconds? Explain why or why not.

Use the step-on scale provided to measure the combined mass (in kilograms) of your skateboard plus “load” person and write this in the “Load 1” column of the table. 

Use your method to measure the distance the board moves for the following values of pulling force, and write your results in the “Load 1” column below.

	
	Load 1:
(             kg)
	Load 2:
(             kg)
	Load 3:
(             kg)

	Force 
(N)
	Distance 
(tiles)
	Distance 
(tiles)
	Distance 
(tiles)

	15
	
	
	

	30
	
	
	

	45
	
	
	


Now repeat this experiment with different load masses. If you have people of different sizes in your group you can let them be the load. Since it would be good to change the load by a large amount, you can also try to balance two people on the board.  Make sure you write down the value of the total load as well as the distance covered in the above table.  You should try at least 3 different load masses, making the difference between them as large as possible.

Describe in words how the acceleration of some object depends on the objects mass and on the applied force.  Discuss as a class.

Can you write a simple formula for acceleration a in terms of mass m and force F that expresses the same thing?  Discuss as a class.


a = 

Experiment 5: Newton’s 3’rd Law

Materials:

· Skateboard

Each member of your group should do the following experiments: 

Put the skateboard on the floor next to a wall so that the board is pointing at the wall. Sit on the skateboard facing the wall. Place your feet against the wall and give the wall a gentle push. (First make sure there is lots of room behind you for the board to roll). Describe what happens.   

Do the same thing again, only this time, give the wall a harder push.
Describe what happens.   

You gave the wall a shove, but the wall didn’t move – you did.  How come?


Discuss this as a class and make any additional useful notes below.
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