“Thinking In Reverse: From Results to Causes”

A physics lesson on Standard Model research written by Mike Mangini (Dryden Central School)  and Jim Overhiser (Groton Central School)


	
	Activity
	Teacher Information

	ENGAGE
	“Polar Bears Around and Ice Hole”:  A problem solving activity involving dice.  Students are challenged to determine the ‘rules’ of the game given only the answers. [attached] 


	· Class demo

· Use large dice found in some toy stores

· Tell students that ‘figure out’ the rules to keep it a secret

	
	“Black Box” game

 (http://www.eagle-i.com/JAVA/bb.html)
	· Use as demonstration or a student run computer interactive activity

· Emphasize with the students the process of finding the answer as being more important than the answer.

· 

	EXPLORE
	Read: “The Invisible Soccer Ball”


	· Discuss with the students how this story relates to the scientific method. [attached]

	
	“What is Hillary watching?” : Show students pictures of people with various emotions on their face and ask them to tell you what they are watching.
	· Pass around index cards with various pictures of Hillary and have students discus in small groups what they think she is looking at.

· Emphasize that the observations of each group may lead to different inferences or conclusion. However, it is through collaboration of interpretations that advances much of the research in High Energy Physics. FACTOID:  This is the origin of the internet - - exchange of research information. Created in 1972 by Advanced Research Projects Agency (ARPA) 



	
	“Psyching out the System” : Problem solving activity (modified from Fermi  Lab lesson #2 of same name ; 

http://particleadventure.org/particleadventure/other/education/two_s.html )
	· It is important that the students work through this activity  w/minimal  teacher intervention

· After a time of work, have the students begin to exchange ideas and talk through a solution in larger groups.

· The observed and unobserved concept of this activity relates directly to the next activity (observed and unobserved events)



	
	“Rules of the Game”: Problem solving activity (modified from Fermi Lab lesson #5 of the same name); 

http://particleadventure.org/particleadventure/other/education/five_s.html 
	· Due to the new vocabulary, this lesson must be fairly guided at first until the students get accustomed to the symbols and concepts.

· A quick review of the concepts of Conservation of Mass and Conservation of Energy may be helpful at this point.



	
	Go to the following interactive web site and have students experiment with following Java scripted links:

· Virtual billiards

· Conservation of momentum

· Explosions and momentum

http://www.hazelwood.k12.mo.us/~grichert/sciweb/momentum.htm 
	· The challenge for the teacher is to relate the information from these activities to the concept of  Thinking in Reverse. Specifically, the students will use collider data in the ELABORATION section to look at the discovery of the TOP quark

	EXPLAIN
	“Small Snack Collider” (SSC) or “How the Cookie Crumbles” : A simple teacher demo to be used as a take-off point for describing how a collider works

http://quarknet.fnal.gov/toolkits/ati/ccrumbler.html

	· DEMO: Teacher directed.  Use this demo as a simple model of describing the workings of a collider.

	
	“Collision course” :  A laboratory activity which mimics the concept of particle collisions and using the resulting evidence to predict original conditions [attached]


	· Students use the concept of vector analysis to determine the initial energy of a collision (Potential energy) of marbles [see attached]

	ELABORATE
	“Use Conservation of Momentum to Calculate the Mass of the Top Quark from D-Zero Data” (Fermi Lab lesson plan)

http://www-ed.fnal.gov/samplers/hsphys/activities/top_quark_intro.html 


	· Use the Lab and its support aterials as written on the Fermi lab educator’s site listed.

	EVALUATE
	Give them a boring, regents-style exam.(
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