Particle Physics ---I have limited time, and limited space on the computers.  I have the students work in pairs, but this is only one of several activities going on at the same time.  Eight students are working on four computers for a block of 93 min. in order to complete the assignment.  On regular schedule, it would take the students about 2 days to complete this assignment.  This is my introduction  to particle physics and also the end.  

Students are required to work for 30 minutes on the tutorial BEFORE I give them the worksheets.  Until they have gone through part of the tutorial, they don’t even have the vocabulary to fill in the charts and answer the questions.  I make a copy of the following paragraph to hand to each student when they go to the computers.  

Go to http://particleadventure.org.  Click on START HERE.  Read each page.  On future pages, click on the arrow at the upper right.  Continue through all the pages to the end of “How do We Interpret Our Data?”  Then come back to the lab and pick up Worksheets #1-4 and a clipboard.  Go back to the computer and fill out the worksheets.   Put your completed worksheets in the tray labeled “Quark Worksheets”.  Check with Mrs. Seljeseth about your next activity. 

I have included the preceding paragraph on the Worksheet that follows so that all the information is there for absentees, who have to make this up on their own time.

Worksheets follow on the next pages. 

Answer Keys follow the worksheets.

Quarknet 2006  participants—I am giving you permission to use these worksheets, but do not zap them to anyone else.  I don't want to see my hard work published in someone else’s book, with no compensation to me.  

I know that’s a bit far-fetched, but all of us have dreams.

Go to http://particleadventure.org.  Click on START HERE.  Read each page.  On future pages, click on the arrow at the upper right.  Continue through all the pages to the end of “How do We Interpret Our Data?”  Then come back to the lab and pick up Worksheets #1-4 and a clipboard.  Go back to the computer and fill out the worksheets.   Put your completed worksheets in the tray labeled “Quark Worksheets”.  Check with Mrs. Seljeseth about your next activity. 

PARTICLE PHYSICS WORKSHEET #1

NAME__________________________Go back to the home page.  Click on the particle chart.  Use the magnifying glass for the parts you want to enlarge.

QUARKS

	Quark symbol and charge
	Name of Quark
	Name of Quark partner
	Quark partner symbol and charge

	u+2/3
	
	
	

	c+2/3
	
	
	

	t+2/3
	
	
	


LEPTONS

	Lepton symbol and charge 
	Name of lepton
	Name of lepton partner
	Lepton partner symbol and charge 

	e-1
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1)Which particles are quarks?

2) Which particles are leptons?

3) Which particles have no charge?

4) Which particles have charges?

5) Which particles have integer charges?

6) Which particles have fractional charges?
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WORKSHEET #2    MATTER AND ANTIMATTER

NAME________________________________________

Go to any page in the Particle Adventure.  On the left is a list titled “Home Glossary.”  The 2nd Topic below the words Home Glossary is “What is the world made of?”  Click on “What is the world made of?”  Then click on Matter and Anti-matter.  Read it ALL!  Some of the answers are within the paragraphs.

	Symbol of particle and its charge
	Name of particle
	Name of antiparticle
	Symbol and charge of antiparticle

	u+2/3
	
	
	

	d-1/3
	
	
	

	c+2/3
	
	
	

	s –1/3
	
	
	

	t +2/3
	
	
	

	b –1/3
	
	
	

	e –1
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7) Which particles are antimatter quarks?

8) Which particles are antimatter leptons?
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WORKSHEET #3   MASS

NAME_____________________________

Because E=mc2, mass can be measured in energy units:  m = 
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eV =electron volt is defined as the energy that an electron gains when accelerated through a potential difference of 1 volt.

GeV= Giga-electron volt=1 X 109 eV

  m = 
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  where c2 is the speed of light , squared.

	Symbol of particle
	Name
	Mass in
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	Mass in
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WORKSHEET #4- PUTTING QUARKS TOGETHER

NAME___________________________

up quark = u+2/3

down quark = d-1/3
9) Write two up quarks and one down quark with their charges in these 

blanks:   ___  ___ ___

10) What is the total charge of the quarks in #9?__________

11) The total charge of # 9 means that it must be a (proton, neutron, electron)____________

12) Write two down quarks and one up quark with their charges in these 

blanks:   ___  ___ ___

13) What is the total charge of the quarks in #12?__________

14) The total charge of # 12 means that it must be a (proton, neutron, electron)____________

15) On the “family tree” of particles, the up and down quarks are on the same branch  as the electron and electron neutrino.  Can you think of a reason why these particles would be more closely related to each other than to the other quarks and leptons?
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Particle Physics ---I have limited time, and limited space on the computers.  I have the students work in pairs, but this is only one of several activities going on at the same time.  Eight students are working on four computers for a block of 93 min. in order to complete the assignment.  On regular schedule, it would take the students about 2 days to complete this assignment.  This is my introduction  to particle physics and also the end.  

ANSWER KEY 

PARTICLE PHYSICS WORKSHEET #1

NAME__________________________Go back to the home page.  Click on the particle chart.  Use the magnifying glass for the parts you want to enlarge.

QUARKS

	Quark symbol and charge
	Name of Quark
	Name of Quark partner
	Quark partner symbol and charge

	U+2/3
	Up
	Down
	d
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	C+2/3
	Charmed
	Strange
	s
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	T+2/3
	Top
	Bottom
	b
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LEPTONS

	Lepton symbol and charge 
	Name of lepton
	Name of lepton partner
	Lepton partner symbol and charge 

	e-1
	Electron
	Electron neutrino
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	Muon
	Muon neutrino 
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1)Which particles are quarks? Up, down, charmed, strange, top, bottom

2) Which particles are leptons? Electron, muon, tau, electron neutrino, muon neutrino, tau neutrino

3) Which particles have no charge? Neutrinos (there is some newer info that may make this answer wrong)

4) Which particles have charges? All quarks, and the electron, muon, tau

5) Which particles have integer charges? Electron, muon, tau

6) Which particles have fractional charges?all quarks: up, down, charmed, strange, top, bottom
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WORKSHEET #2  
[image: image34.wmf]  MATTER AND ANTIMATTER

NAME________________________________________

Go to any page in the Particle Adventure.  On the left is a list titled “Home Glossary.”  The 2nd Topic below the words Home Glossary is “What is the world made of?”  Click on “What is the world made of?”  Then click on Matter and Anti-matter.  Read it ALL!  Some of the answers are within the paragraphs.

	Symbol of particle and its charge
	Name of particle
	Name of antiparticle
	Symbol and charge of antiparticle

	u+2/3
	Up
	Anti-up (or up anti-quark)
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	d-1/3
	Down
	Anti-down(or down anti-quark)
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 EMBED Equation.3  [image: image38.wmf]

 EMBED Equation.3  [image: image39.wmf]3

1

+



	c+2/3
	Charmed
	Anti-charmed
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	s –1/3
	Strange
	Anti-strange
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	t +2/3
	Top
	Anti-top
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	b –1/3
	Bottom
	Anti-bottom
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	e –1
	Electron
	Positron (or anti-electron)
	e+1
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	Electron neutrino
	Anti-electron neutrino (or positron neutrino)
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	Muon
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	Muon neutrino
	Anti-muon neutrino
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	Tau
	Anti-Tau
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	Tau neutrino
	Anti-tau neutrino
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7) Which particles are antimatter quarks? Anti-up, anti-down, anti-charmed, anti-strange, anti- top, anti- bottom or 
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8) Which particles are antimatter leptons? Positron, positron neutrino, anti-muon, anti-muon neutrino, anti-tau, anti-tau neutrino.
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WORKSHEET #3   MASS

NAME_____________________________

Because E=mc2, mass can be measured in energy units:  m = 
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eV =electron volt is defined as the energy that an electron gains when accelerated through a potential difference of 1 volt.

GeV= Giga-electron volt=1 X 109 eV

  m = 
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  where c2 is the speed of light , squared. (For convenience, c2=1)

	Symbol of particle
	Name
	Mass in
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	Mass in
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	Mass will always be the same as the mass of the matter particle
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WORKSHEET #4- PUTTING QUARKS TOGETHER

NAME___________________________

up quark = u+2/3

down quark = d-1/3
9) Write two up quarks and one down quark with their charges in these 

blanks:   u+2/3 u+2/3 d-1/3 

10) What is the total charge of the quarks in #9? 
[image: image85.wmf]3
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or +1

11) The total charge of # 9 means that it must be a (proton, neutron, electron)        proton
12) Write two down quarks and one up quark with their charges in these  blanks: d-1/3 d-1/3 u+2/3  

13) What is the total charge of the quarks in #12?__0  ________

14) The total charge of # 12 means that it must be a (proton, neutron, electron)   neutron
15) On the “family tree” of particles, the up and down quarks are on the same branch  as the electron and electron neutrino.  Can you think of a reason why these particles would be more closely related to each other than to the other quarks and leptons?

 Three of these particles(up, down, electron) make up ordinary matter
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