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Topics covered in this lab:

· Air resistance

· Gravity

· Forces and acceleration during collisions

Experiment 1:  Air Resistance.

As we learned last week, friction acts to stop objects from sliding. If we are trying to investigate Newton’s laws then we have to realize that friction can in some cases make this a bit tricky. For example, to show that something moving with a constant velocity will keep moving with that same velocity unless a force acts on it, you sat on a skateboard and were given a push.  If there was no friction in the wheel bearings of the board then you would not have slowed down at all, but since there was friction the board may have slowed down noticeably. In the old days this sort of behavior made even the smartest philosophers think (incorrectly) that things only keep moving as long as a force acts. They could not imagine a world without friction. We now understand that friction is just another force and that when the skateboard slows down it is just obeying F=ma (i.e. the “F” comes from friction and causes the board to slow down, which is an acceleration “a”). 

The friction we studied last week was due to two solid objects rubbing against each other. This “rubbing” friction only depended on the weight of the object and the roughness of the surfaces, but not on how fast the object was sliding.

Air will also cause things to slow down, but the friction due to air actually gets bigger as the object moving through the air gets faster. Let’s investigate this some more:

Competition #1

Using the materials available, your job is to make a parachute of some kind that you will then use to slow the fall of a steel washer. Each group should come up with a design – you can use as many or as few items as you want. We will have a competition to see which group has the best design by dropping your parachute + washer down the stairwell and timing the fall. The group with the longest fall time wins.

(Have competition now)
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Let’s reflect a bit on what you just did. 
Start by sketching a graph of what you 
think the speed of your parachute was
as a function of time as it fell. (We are
just thinking of speed here, so don’t 
worry about minus signs.)
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In the space below, sketch the parachute-washer object and draw an arrow to represent each of the forces acting on it as it falls. 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 the above items as a class and make any additional notes below.

Standing on a chair and dropping them two at a time, compare the drop times of the following items and rank them accordingly. (Since you are comparing them in pairs you don’t need to time the falls – just see which hits the ground first.)

1. A flat 8.5 x 11 sheet of paper

2. A crumpled up 8.5 x 11 sheet of paper

3. A Styrofoam ball.

4. A tennis ball.

When comparing two items that have about the same weight, what factors determine which one hits the ground first?

When comparing two items that are about the same size & shape, what factors determine which one hits the ground first?

Suppose you want to do an experiment where you drop something but you don’t want air resistance to have much effect on the results.  What general characteristics should the object that you intend to drop have?

[image: image5.emf] 

   


Discuss the above items as a class and make any additional notes below.

Experiment 2:  Acceleration due to gravity.

During this experiment you will investigate how gravity affects different objects.  To make things simpler, we will focus our attention on objects for which air resistance should not matter very much. In other words, in what follows you can pretend that there is no air resistance at all.

Let’s first predict what will happen.  Imagine dropping two objects that have different masses from the same height.  Do you think the force of gravity will be the same on both objects throughout the motion?  Do you think they will remain next to each other throughout the motion?  Explain briefly, making certain you don’t contradict yourself.

Standing on a chair and dropping objects two at a time, compare the fall times of the following things: 

1. A tennis ball

2. A steel washer

3. A basketball (or other big ball)

4. A paperclip

5. A shoe

The bottoms of the objects should be the same height off the floor when you release them, and you should release them at exactly the same time. Carefully watch the motion of the objects as they fall.  Do they fall side by side? Do they hit the ground at the same time?  Repeat this experiment as often as needed until you are convinced of the results.  
Describe what you observe below:
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Does the result of this experiment imply that the forces on the objects are the same or different?  Are the accelerations of the objects the same or different? Explain carefully. Discuss as a class.

Experiment 3:  How acceleration changes position

When something is moving with a constant velocity we see that the distance its gone is related in a simple way to the time it has been moving – if it moves for twice as long it will have gone twice as far. When you drop something you can see that it speeds up as it falls, so in this case the object is certainly not moving with a constant velocity – the velocity is getting bigger as time goes on. In this lab you will investigate the distance that something goes as a function of time when it is dropped (in other words, when it has a constant acceleration like that which gravity provides).

Materials:

1. Eight foot piece of string

2. 8 paper clips

3. Cardboard box lid

Clip the paper clips onto the string so that they are equally spaced. You should have one at the very bottom of the string and the others clipped on to the string so that they are about equally spaced. Put the cardboard box lid right-side up on the floor. This will act like a noise-maker to help you hear when the paperclips hit the ground. Have one of the people in your group stand on the table and hold the top of the string so that the paper-clip at the bottom is just touching the top of the lid. Now drop the string. Repeat this a few times. 

What do you hear? Are the clicks you hear from the paperclips hitting the lid equally spaced in time?

Try to write an explanation for the pattern of sounds you just heard? 
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Discuss this as a class.

Using only 4 paperclips, and keeping one paperclip at the bottom of the string, see if you can figure out a spacing for which the clicks you hear when the paperclips hit the lid are equally spaced in time.  Sketch your best configuration below and then demonstrate it for your TA.

After discussing this with your TA you may want to change your design a bit. Try it out. 

In the space below, sketch a graph of position versus time for the top paperclip on your string as it drops.
Experiment 4:  Collisions and Forces
Put a raw egg into a baggie (this is just to contain the inevitable mess) and see how high of the table you can drop it without the egg cracking. Start very close to the table (a few millimeters) and move the release height upward only a few millimeters at a time.  How high did you get before the egg broke?

Repeat the same experiment, but this time drop the egg onto a piece of bread. How high did you get before the egg broke?

What, exactly, causes the egg to break? Explain this as precisely as you can.

In your own words, explain why you can drop the egg from a higher starting point without breaking it when it lands on bread.  
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Discuss the above items as a class and make any additional notes below.

Make two identical balls out of clay, making sure that they are as spherical as possible. Drop them from a few feet above your desk so that one lands on the bare desk and one lands on your piece of bread.  

Carefully examine the bottom of each clay ball (i.e. the part that hit the desk or the bread). Is there a difference in how much of the clay was “flattened” by the fall?

Discuss what you think this “flattening” means in terms of the magnitude of the force that acted to stop each of the balls.
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Discuss the above items as a class and make any additional notes below.

Place an egg in a baggie and toss it back and forth with another group member a few times. Try not to break it.  Explain how you catch the egg to make sure it does not break? In other words, what do you do with your hands just as you are catching it?  Write your answer below and then discuss as a class.

Competition #2: 

The goal of this competition is to have a raw chicken egg fall onto a hard surface and survive the impact without cracking. Working with your group and using the materials provided, you will design and build a device to protect your egg as it falls down the Loomis stairwell.

Rules: 

1. You can only use the materials provided when building your device, but you can do anything you want with these materials.

2. You must be able to easily and repeatedly insert and remove the egg from your device.

3. At least a penny-sized part of the egg must be visible when the egg is placed inside your device.

Scoring: 

You will be scored on both Design and Physics.

Design (Maximum 50 Points):

After you have built your device but before the drop competition starts, each group will explain their design to the class with the goal of convincing them that their design is the best. You will judge the other groups designs based on their physics explanation, the uniqueness and cleverness of their design, and the beauty of their design.  

Here is how the design judging will work. Each student will be given 3 tokens. A cup will be placed on each table next to each design. You will walk around the room and deposit your three tokens in the cups of your favorite three designs. You can not put tokens in your own cup. When the tokens are counted, the design with the most will earn 50 points, the next will earn 45 points, the next 40 points etc.

Physics (Maximum 100 Points):

Each team will drop their own device from the specified location, aiming for a bulls-eye that will be marked on the floor below. Points are awarded for protecting the egg and for ending up close to the bulls-eye. 

· You will receive 50 points if your egg remains unbroken.

· You will receive a maximum of 50 points for accuracy, loosing 1 point for every inch away from the bulls-eye your device comes to rest.

The maximum number of points is 150. The group with the most total points wins. 

After a winner is found, discuss as a class why this design was successful.
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