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Name ________________


Physics 10L
LAB 2

Newton’s Laws and Chaos
Read Hewitt Chapters 2, 4, and 5

Part 1: Newton’s Laws

What to learn and explore

In last week’s lab, you learned about the difference between velocity and acceleration. The distinction between velocity and acceleration is important, because ever since Newton pointed it out, physicists have believed that forces (pushes or pulls) determine acceleration (that is, changes in velocity), not velocity directly.  During today’s lab, you will have an opportunity to test Newton's laws in several different experiments.  Then we will look at some systems that obey Newton’s laws as everything does, but whose behavior is not as simple as one might expect.  
What to use

Dynamics track, dynamics carts, force sensors, rubber and magnetic bumpers, balloons, computer, DataStudio.

What to do

Do the following experiments to help answer the questions I have posed and other questions of your own. As usual, whenever possible, (a) make predictions in writing before making observations and (b) discuss your predictions and observations with your lab partners.

Mandatory Comments

When you finish the lab, please write a few comments here.  Tell us one or two things you learned in this lab that you found especially interesting or useful. Any unforgettable moments?
1) Newton’s First Law: An object in motion stays in motion unless acted on by a force.

Cart on air track.
This track makes a cushion of air that lets the cart move with almost no friction. So we can pretty much say that there is no force acting on the cart in the horizontal direction. Play with the cart a little bit (gently) and see if you agree with Newton’s First Law – does an object in motion stay in motion when there is no force on it?
2) Newton’s Second Law: F= ma   --    Cart with airbag.
When objects collide, huge forces can be the result, as a direct consequence of Newton’s second law (F = ma).  If the acceleration of an object can be decreased during a collision, the object will experience less of a force. Since acceleration is change in velocity divided by time, one way to decrease the acceleration is to increase the time of impact in a collision.  The longer the time of impact, the smaller the acceleration and therefore the smaller the force on the object.  This could save your life!  In this part of the lab, we will look at how the force on an object changes when we increase the time of impact.

a) Place the Dynamics cart at rest at a chosen spot on the track. Start taking data, press the tare button on the force sensor, and then release the cart. Stop taking data after the cart has collided with the force sensor. Sketch the force vs. time graph below. 

b) From the force vs. time graph, measure the maximum force and the duration of the collision. (Note: you will need to expand the graph to accurately measure the time.) Record your results below.

c) Repeat several more times to make sure that you get consistent measurements. Record your results below. 

Maximum force Fmax:
Duration of collision  t:

d) Now tape a small balloon to the rubber bumper on the force sensor. The small balloon will simulate an airbag. As before, release the cart from rest from your chosen spot on the track and record the force vs. time for the collision. Sketch the force vs. time graph below.  Repeat to check your result.
Name ___________
e) From the force vs. time graph, measure the maximum force and duration of the collision and record your results below.


Maximum force Fmax:


Time of collision  t:

f) The product of maximum force (Fmax) times  Time of collision (t) should be approximately constant since both collisions are stopping the same cart moving at the same speed.  If this theory is correct, in a collision that takes a short time, the force should be bigger, and in a longer-duration collision, the force should be smaller. Do you find this to be true? 
g) Approximately how many times longer is the time of the collision with the airbag than without it? Approximately how many times smaller is the maximum force with the airbag than without it? 

h) From the results of the previous experiments, explain how air bags help to save lives.

3) Newton’s Third Law: Forces occur in equal and opposite pairs.
Two colliding carts
Newton’s third law states that a force is an interaction between two objects that is felt equally by both. Does that mean that in a collision between a truck and a motorcycle, each exerts the same strength force on the other? Let’s find out.  Please keep the speeds slow to protect the equipment.
a) Make sure that the force sensors on both Dynamics carts have the magnetic bumpers attached to them and that DataStudio is set up to display the force vs. time graphs from each cart. Place one cart in the middle of the track. Start taking data, and slowly push the other dynamics cart towards the first one so the two carts collide. Sketch the force vs. time graphs for each cart below. 

b) Based on the force vs. time graphs, do the carts experience equal and opposite forces at all times?
c) Now start with the carts at opposite ends of the track and push both carts slowly towards each other so they collide. Again sketch the force vs. time graphs for each cart and compare the forces felt by each cart.

d) Add mass to one of the carts until it has about twice as much mass as the other. How do you think the forces on the carts will compare now? Write your prediction below.

e) Measure the force vs. time for the collision between the unequal mass carts and compare with your prediction. 
f) Try other collision situations – have fun (but be gentle with the equipment.)
g) Do your results for all the different experiments agree with Newton’s 3rd law? Explain.

Part 2: Chaos

What to learn and explore

As you start to study physics, you might begin to get the idea that we understand a lot of how the world works. You would be right.  Newton's "laws", for example, let us predict the swinging of a pendulum or the orbit of a satellite with great accuracy as long as we know how and where it starts out. 

The idea that the laws of physics could predict what everything will be doing at some later time (if we know what the "starting conditions" are) is called the "Clockwork Universe" of classical physics.  It is a comforting, peaceful idea, though it could be a little frustrating to think that the whole universe is playing out an immutable script.

For better or for worse, we now know that this Clockwork Universe doesn't exist. We CANNOT predict the future of the universe; no matter how much data we collect, no matter how big our computers.  For many physical systems our laws allow us to make accurate short-term predictions, but long-term predictions are nearly meaningless. As we all know, we can't even predict the weather for more than a day or so ahead.
What went wrong? Nothing. In fact, something has gone incredibly right. About 30 years ago a few young physicists (many at UCSC!) began looking at some seemingly simple but unpredictable systems (like a dripping water faucet) in a different way. They awakened a new branch of science, called Chaos, which now accounts for nearly half of the pages in the prestigious physics journals!

The topic of Chaos has been big news. Computers have enabled us to study them in detail. Chaotic behavior can be predictable, sort of. We say that a system is chaotic if we can predict the details of its short-term behavior, but only general features of its long-term behavior.  In this way, chaotic systems differ from both periodic systems, where we can predict even the long-term behavior with great accuracy, and random systems, where we can predict nothing at all, not even the short-term behavior.

We have also learned that extremely tiny changes in the way we start a chaotic system lead to its behaving in utterly different ways--just think of a pinball machine.  This extreme sensitivity to initial conditions is called the “Butterfly Effect!”  The idea is that the flapping of a butterfly’s wings in Australia, today, might affect the path of a hurricane in Puerto Rico next month.  
What to use

Magnetic pendulum, double pendulum, bowling ball pendulum, ballpoint pen, computer, Pachinko machine.

What to do

Experiment with the chaotic systems and anything else you can think of - and talk about it! If your life seems to be full of chaos, it's because you are a creature of this chaotic universe. Your body is created by a genetic code that seems to use the principles of chaos to produce you. Your brain is a fractal pattern generated from this code. Your lungs are fractal; so are your capillaries. Your interactions with other human beings obey the rules of chaos theory--and so does the weather. As time goes on, the human race will surely continue to find myriad applications of this exciting concept.

Experiment with the equipment provided to observe chaotic behavior and to distinguish it from periodic motion. While “playing” with the “toys,” ask yourself (and attempt to answer) the following questions and others that may occur to you.  Always make some attempt to predict what you will observe before you try it.  And have fun!  
1) Ballpoint Pen

Drop a ballpoint pen (clicker side down) onto a sheet of paper from a height of about 30 cm. After the pen bounces and comes to rest, mark the position of the pen point. Drop the pen from the same height several more times. 

a) Does the pen do the same thing when you try to drop it exactly the same way?  Can you get the pen to land in the same spot as before?  If you find it nearly impossible to get the same result, it is because the system is chaotic and small variations in the starting conditions have a big effect on the result.
b) What factors are involved in making the pen go where it goes? Certainly gravity is a factor, are there any others you can think of?
2) Simple pendulum

Observe the motion of the simple pendulum.  See if you can release it consistently in such a way that its behavior is reproducible. 

a) Does the pendulum seem chaotic – that is, if you try to repeat an experiment from “the same” starting point, do you get unpredictable results?  Or, can you consistently get nearly the same result time after time?
b) Can you predict the future behavior of the system? For how long? Seconds? Minutes?  Hours?

3) Magnetic Pendulum

Play with the pendulum and the magnets. See if you can release the pendulum consistently in such a way that its path will be reproducible. 

a) Is this system chaotic?  Can you get the same pattern if you release it from the same place? Is the starting point ever really the same?

b) Can the system also produce periodic behaviors?  In other words, does it sometimes repeat a particular pattern, or does it always do something different every time.
c) Can you predict the future behavior of the system? For how long? Seconds? Minutes?  Hours?

d) How does the behavior of the magnetic pendulum compare with that of the simple pendulum?

4) Double Pendulum

Play with the double pendulum. See if you can release the pendulum in such a way that its path will be reproducible. 

a) If you try to repeat an experiment from “the same” (but really microscopically different) starting point, does the difference grow so that the long-term behavior is very different from the original outcome?

b) Can the system also produce periodic behaviors?  In other words, does it sometimes repeat a particular pattern, or does it always do something different every time?

c) Can you predict the future behavior of the system? For how long? Seconds? Minutes?  Hours?

d) How does the behavior of the double pendulum compare with that of a simple pendulum?

5) Pachinko Machine

Release a ball from rest from the same spot at the top of the Pachinko machine. See if you can predict where the ball will land. Repeat ten times. 

a) Can you get the ball to land in the same column consistently? Do you think this system is 
chaotic? Why or why not?
b) What laws of physics and factors influence the motion of the ball?
6) Other Systems

Dropping a sheet of paper, shooting a free throw, performing a dive or bowling a strike, each action, each time, is subtly or greatly different–just as we are.  Chaos surrounds us, from the clouds to the trees to the stock market—to our lives!   Tiny differences in our behavior can have huge effects on our future!  Funny how that can work……..
List several other everyday examples of chaos and observe some in the lab if you can.

Conclusion

After this lab, I hope you no longer expect to be able to predict the universe! But the flip side is that our universe is, more than ever, something we can influence. Be aware of the Butterfly Effect: seemingly trivial choices sometimes have giant effects as we deal with life’s challenges.  It's easy to think of examples of this—let’s discuss a few of them in lab!  

Reading (in case you find this stuff fascinating!)

The Fractal Geometry of Nature, Benoit Mandelbrot, W. H. Freeman & Co., 1983.

Does God Play Dice, Ian Stewart, Basil Blackwell, Inc., 1989.

Chaos, James Gleick, Penguin Books, 1988

Chaos and Fractals, New Frontiers in Science, Peitgen et al,  Springer Verlag, 1992.

NOTE: For the next lab, wear comfortable clothes and shoes so you can move easily!!
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