Teachers’ Guide for Quarkle: That quirky quark game!
The file name for the document you are reading right now is quarkle.doc or quarkle.pdf

Making the Cards

1. You will need to copy or print a set of cards.  There are six card sheets, one for each quark/antiquark pair.  If you have the Word file, its name is: quarkqrd.doc, the Acrobat file is quarkgrd.pdf   It is preferable to copy or print the cards onto a sheet of heavy paper, such as card stock, but ordinary paper will do.

2. Copy or print the quarkle cover sheet to the reverse side of each of the card sheets.  The file is quarkcov.doc or quarkcov.pdf

3. Cut the cards along the lines on the cover sheet to make a total of 6 cards (3 quarks and 3 antiquarks).

4. The cards should be approximately the same size.

Background: Students do not need any background in the Standard Model in order to play this game.  If students know very little about the Standard Model, then you should give some instruction to accompany the Follow-Up Activity.   It does not hurt or help to have learned about mesons and baryons beforehand.  It is helpful to understand the concept of the elementary charge e.  Students must know how to add fractions and how to add real numbers (positive or negative.)  

You should have a general understanding of the Standard Model before using this game for instruction.  It is recommended that you play the games before having students play them.  Lonely physics teachers should enlist the help of another teacher to test this game.  Math teachers should especially appreciate this game.

Many texts will tell you that mesons are formed from a combination of a quark and an antiquark.  You must mix kinds of matter to make a meson.  Texts will also explain that a baryon is formed as a triplet of either three matter quarks or three antiquarks.  You cannot mix matter and antimatter to make a baryon.  So pairs of quarks must contain opposite forms of matter, whereas triplets of quarks must have only one kind of matter. What most texts do not mention, is that you really need only one rule to understand why this happens.  

Thanks to the Follow-Up Activity, Quarkle makes this clear and will deepen your students’ appreciation of the physicist’s search to explain observations with as few rules as possible.  Merely memorizing the rules for quark combinations will not be sufficient for your students to understand the Standard Model well.  To really learn, students must process the rule deeply in the mind.  This game is designed to get your students to do just that.  

Some particles that you “create” in this game may never have been observed in nature.  This is especially true of particles containing the top quark.  Some may be extremely unstable and decay too quickly or require too much energy to form.

Do not hand out the Follow-Up Activity until after students have played the game.

Quarkle: That quirky quark game!

Rules for Quarks: 

1. Quarks are subatomic particles that make up the familiar protons and neutrons, as well as many other particles.  

2. Quarks carry charges that are fractions of the elementary charge e.  You should remember that an electron has a charge -e, and a proton has a charge of +e.  The six quarks that exist in the Standard model, and their respective charges values, are shown in the table above.

3. Quarks must combine in such a way that the total charge is an integer.  An integer may be positive, negative or zero.  All possible quark configurations in this game will have a charge of one of the following: -2e, -e, 0, +e, +2e.

4. Quarks may combine in pairs to form mesons.  Triplets of quarks are called baryons.

Rules for Quarkle:

1. The object of this game is to be the first to “create” 5 particles.  

2. One particle must have a charge of -2e, another must have a charge of -e, another must have a zero charge, another must have a charge of +e and another must have a charge of +2e.  

3. Quarkle must be played with at least 2 people.  Three or more players may play, but it is not recommended to have more than 4 players.

4. To begin the game, each player receives 3 cards from a shuffled deck.  The dealer stacks the remaining cards in the middle of the table.

5. A player may form particles only when it is his or her turn.  Particles should be placed in front of the player face up as a stack of 2 to 3 cards.  The particles can be created in any order.  Each player will need space for 5 stacks in front of him or her.

6. Starting clockwise from the dealer, the first player picks up one card from the deck.  The player then selects sets of cards that constitute particles (refer to the “Rules for Quarks” above).  It is possible for a player to create more than one particle in a turn.  When it is no longer possible to form new particles, the turn proceeds to the next player. 

7. If the player has used up all the cards on a given turn, that player receives 3 new cards, but the turn still moves to the next player. 

8. The first player to create all 5 particles wins!  If all the cards are in play (no more deck) and no player is able to proceed with needed particles, the player with the most particles wins.

9. Keep all your particles together for the Follow-Up Activity.

Examples of particles, non-particles.



Follow-up Activity to Quarkle
We are all winners of this game, because its actual purpose is to help you understand why baryons and mesons have their distinctive characteristics.  This activity will help you to better understand why quarks combine in the way they do.  

1. As a group, look at all the mesons that you "created'.  What common characteristic, other than an integer charge, do they have?  

2. As a group, look at all the baryons that you "created”.  What common characteristic, other than an integer charge, do they have?  

To investigate this more, here is a table of the matter quarks and anti-quarks. 

	Up 

+2/3 e
	Charm 

+2/3 e
	Top 

+2/3 e

	Down 

-1/3 e
	Strange 

-1/3 e
	Bottom 

-1/3 e

	
	
	

	Anti-Up 

-2/3 e
	Anti-Charm 

-2/3 e
	Anti-Top 

-2/3 e

	Anti-Down 

+1/3 e
	Anti-Strange 

+1/3 e
	Anti-Bottom 

+1/3 e


Notice that matter quarks have a charge of +2/3 e or -1/3 e and that antimatter quarks have a charge of -2/3 e or +1/3 e.  This means that we can represent all the possible charge values of a matter-antimatter pair in the following table.  

	
	Matter +2/3 e
	Matter -1/3 e

	Anti-matter -2/3 e
	
	

	Anti-matter +1/3 e
	
	


3. Place the sum of the charge for the row heading and column heading into each cell. 

4. What do you notice about each sum? 

In contrast, consider what happens when you try to form a pair of matter quarks.  

	
	Matter +2/3 e
	Matter -1/3 e

	Matter +2/3 e
	
	

	Matter -1/3 e
	
	


5. Place the sum of the charge for the row heading and column heading into each cell.

6. What do you notice about each sum?

7. Explain how the integer sum rule demands that a combination of 3 quarks (a baryon) must be made up of all matter or all antimatter.  Hint: use this chart:

	
	+4/3 e
	+1/3 e
	-2/3 e

	+2/3 e
	
	
	

	-1/3e
	
	
	


Follow-up Activity to Quarkle
Solutions
1. As a group, look at all the mesons that you "created'.  What common characteristic, other than an integer charge, do they have?  

All mesons are made up of one matter quark and one antimatter quark.  It is not possible to make a meson with only antimatter or with only matter.

2. As a group, look at all the baryons that you "created”.  What common characteristic, other than an integer charge, do they have?  

All baryons are made up of 3 matter quarks or 3 antimatter quarks.  It is not possible to make a baryon by mixing matter and antimatter.

	
	Matter +2/3 e
	Matter -1/3 e

	Anti-matter -2/3 e
	zero
	-e

	Anti-matter +1/3 e
	+e
	zero


3. Place the sum of the charge for the row heading and column heading into each cell. 

4. What do you notice about each sum? 

Each sum is an integer of e (-e, 0, +e).  Any pair of quarks, one matter and one antimatter, will create a particle that obeys the integer sum rule (a meson).
	
	Matter +2/3 e
	Matter -1/3 e

	Matter +2/3 e
	+4/3 e
	+1/3 e

	Matter -1/3 e
	+1/3 e
	-2/3 e


5. Place the sum of the charge for the row heading and column heading into each cell.

6. What do you notice about each sum?

Each sum is a non-integer of e.  It is not possible for a pair of matter quarks to create a meson.  Of course, it is also not possible to form a meson from two antimatter quarks.

7. Explain how the integer sum rule demands that a combination of 3 quarks (a baryon) must be made up of all matter or all antimatter.  Hint: use this chart:

	
	+4/3 e
	+1/3 e
	-2/3 e

	+2/3 e
	+2 e
	+e
	zero

	-1/3e
	+e
	zero
	-e


As shown above, three charge values are possible with two matter quarks (repeated in the column headings).  The row headings show the charge of any possible additional matter quark.  The cells show the total charge of any 3 matter quarks.  All obey the integer rule.  A similar argument shows that any combination of 3 antimatter quarks obeys the integer rule.  

Conversely, adding a matter particle to an antimatter/matter pair cannot yield a total charge that is an integer.  

In summary, you may have learned before that there were three distinct rules for quarks:

1. All particles have an integer number of charges of e.

2. Mesons are particles formed from one quark and one antiquark.

3. Baryons are particles formed from either 3 antimatter quarks or from 3 matter quarks.

What this activity shows is that 

1. Rule one is the only rule you need.  

2. Let us call a two-quark particle a meson.  Rule one demands that a meson will form if and only if one quark is matter and one quark is antimatter.  

3. Let us call a three-quark particle a baryon.  Rule one demands that a baryon will form if and only if all 3 quarks are matter or all 3 quarks are antimatter.

Physicists seek to explain the greatest range of phenomena with as few rules as possible.  This activity is conducted in that spirit.
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