July 18, 2007

Big Question:

What happens when an object travels very, very fast?

Teacher’s Notes:  or How to use this document.

· This lesson will take approximately one week.

· Students should record all of their notes and answers to the embedded questions as well as their personal thoughts, questions and insights into a science journal.

· Conclusions are intended to be paragraphs in which the students answer the question in complete sentences citing the evidence from there reading and/or experiments.

· The activities in this lesson go from qualitative to quantitative and in some places include calculus.  
· The intent is for teachers to determine the depth and level of mathematic treatment that best suits their own students in their own setting.

· The material has been purposefully divided into sections allowing teachers to do small sections spread over time, rather than devoting several days in a row to cover the topics.  
· Caution:  If the teacher chooses to spread the material over time, the summative activity for each section should include a complete discussion of what the students know based on the evidence they have to that point.
Establish Prior Knowledge

1. Brainstorm: What are the fastest things you can think of?

2. Journal Entry:  Rank these items from slowest to fastest.

3. Web-search:  How fast does each thing really go?

4. Journal Entry:  With new information, now rank the items again.

5. Conclusion: What is the speed for the fastest thing on the list?

Intermediate Question 1:
Is there a limit to how fast objects can go?

What happens when things go faster and faster?

Establishing Background Knowledge (scientific knowledge gained from other sources)
But first…  
Focusing Questions:

What about relative motion?
What does an at-rest observer see when the action takes place on a moving vehicle?  
1. Go to this web site to learn about Galileo’s theory of relative motion http://www.phys.unsw.edu.au/einsteinlight/jw/module1_Galileo_and_Newton.htm
2. Quick Lab:  Devise an experiment to test if Galileo’s theory of relative motion works for you. 
3. Use this experience to define reference frame.
4. Under what conditions can you tell that your reference frame is moving? 
5. Why does the ball appear to travel straight to the external observer in one situation and curved in the other situation? http://www.phys.unsw.edu.au/einsteinlight/jw/module1_Inertial.htm
6. In the above link, also read the section titled – “Why are the laws of physics the same in the train and on the platform?” Note: To slow the action and see the events, be sure and use the Step button.  Also, you have to stop the action using the Stop button.
7. Watch the video Galileo: http://www.phys.unsw.edu.au/einsteinlight
8. Conclusion: Based on these experiences in these activities, explain “inertial reference frame” and its importance in Galilean relativity.

Focusing Questions:

What about electricity and magnetism?  Could an observer use electric forces and magnetic forces to tell whether they are moving?
1. A review of the basics for electric force and magnetic force can be found at this link: http://www.phys.unsw.edu.au/einsteinlight/jw/module2_EM.htm#E
2. Quick Lab:  Current is moving charge.  Set up a simple one battery, one bulb circuits to show that when the charges move, current flows and the bulb lights. Now place a magnetic compass below the current carrying wire and observe the motion of the compass needle.

3. Watch the video Maxwell:  http://www.phys.unsw.edu.au/einsteinlight/
4. Conclusion: In your own words, explain if the motion of the two observers can be determined using electromagnetism.
Focusing Question:

How do we reconcile Galilean Relativity and Electromagnetism?
1. Watch the video Einstein:  http://www.phys.unsw.edu.au/einsteinlight/
2. Journal Entry:  Based on the reading in the links below, answer the following questions in your journal.  What does stationary mean?  Is the earth stationary? The sun? The solar system? 
3.  Follow this link and then write your own definition of stationary. http://www.phys.unsw.edu.au/einsteinlight/jw/module3_stationary.htm
4. Conclusion:  How is Galileo’s relativity different from Einstein’s relativity?  http://www.phys.unsw.edu.au/einsteinlight/jw/module3_weird_logic.htm
5. Extension: Do you want to see a mathematical description of Maxwell’s equations for light (electromagnetism)?  Some Calculus required…  http://www.phys.unsw.edu.au/einsteinlight/jw/module3_Maxwell.htm
6. Extension: Do you want more detail on the Michelson Morley experiment?  Follow these links:  http://www.phys.unsw.edu.au/einsteinlight/jw/module3_is_it_true.htm  http://www.phys.unsw.edu.au/einsteinlight/jw/module3_M&M.htm
Moving into new territory…

Intermediate Question 2
What are the implications of Einstein’s assumption that the speed of light is the same for all observers?  If the speed of light is invariant (constant) then what happens with distance and time?
1. Watch the video Time Dilation:  http://www.phys.unsw.edu.au/einsteinlight/
2. Conclusion: Follow the links that appear after the movie.  What is the significance of the Twin Paradox?  Explain the Twin Paradox in your own words.
Focusing Questions:

What happens to the kinetic energy of the object as the speed approaches the speed of light?
1. Quick Lab: Determine the amount of energy stored in a spring by measuring the kinetic energy of the object released. 

2. Watch the video E=mc2:  http://www.phys.unsw.edu.au/einsteinlight/
3. Note:  In the video, the E=mc2 term is called the “proper energy.”  Particle physicists usually refer to that term as the “rest energy” of the particle. 
4. Read more about the details of  the kinetic energy of particles moving at speeds near the speed of light at this link:  http://www.phys.unsw.edu.au/einsteinlight/jw/module5_equations.htm
5. Practice with Particle Physics Units:  Given a table of particle masses, determine the rest energy of the particles in J, eV, GeV

Focusing Questions:

How fast must a particle be traveling before we need to worry about Einstein relativity – most often called Special Relativity?

1. When a particle is traveling at speeds approaching the speed of light, the Kinetic energy equation must have two terms – rest energy + relativistic KE In the reading, the relativistic KE term had a coefficient of γ instead of the Newtonian coefficient of ½.  Follow the link to find the mathematical expression for γ:  http://www.phys.unsw.edu.au/einsteinlight/jw/module5_dynamics.htm
2. Record the equation for the relativistic coefficient γ in your journal.

3. Based on the reading write down the relativistic equation for the kinetic energy of a particle. {Teacher’s note:  K = γmc2 – mc2 = (γ-1)mc2is the answer}
4. Quick Investigation: Use a spreadsheet or calculator to make a table of values for γ for a range of speeds:  Copy the headings into your calculator or spreadsheet and make the appropriate calculations to complete the table.
	Speed of the particle

In units of c.
	Value of γ

	0.1c
	

	0.2c
	

	0.4c
	

	0.8c
	

	0.85c
	

	0.9c
	

	0.92c
	

	0.95c
	

	0.97c
	

	0.99c
	

	0.999c
	

	0.9999c
	


5. Conclusion: How fast does the particle have to go before Einstein’s Special Relativity must be considered?  Comment:  Objects that travel at speeds faster than the threshold speed are called relativistic particles.
The Big Finish
Now you are ready for the Challenge!!  Follow the link http://ed.fnal.gov/data/phy_sci/relativity/student/index.shtml
1. Click on “Follow the Relativity Challenge.”

2. Now Click on “Relativity Challenge.”

3. Click on the Assessment Link.  Highlight the entire page and paste it into a word document.

4. The rubric describes the steps you should go through to come to some conclusions about these particles as viewed in the lab.  These rubric items should all be addressed in your conclusion.
5. Now return to the challenge.  Read the description.

6. Click “Get On With It.”

7. Read the directions and then proceed to “Play with the data.”  
8. Conclusion:  What happens to the distance the meson travels as the particle moves at relativistic speeds through the detector?

9. See you at the other side!
Conclusion

Based on the evidence you have, what happens when an object travels very, very fast?
