Activity 4:  Recursion and Counting Combinations





1.	Select from the bag of colored disks twenty yellow disks and twenty purple disks (or two sets each of twenty identically colored disks, each set of a different color). Note that disks of the same color cannot be distinguished.





.	There is only one way to pick none of these disks.  





	Also, there is only one distinguishable way to select exactly one purple disk, and only one way to select exactly one yellow disk.  





	Select one disk of each color and position them on your desk as in the figure below:
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	Next, you will construct beneath these disks a row or layer modeling distinguishable ordered pairs.





	a.	If ordered pairs are formed by selecting a disk for each coordinate of the ordered pair, what are the distinguishable possibilities for the first coordinate?  

















		the second coordinate?  

















		Using the fundamental counting principle, how many distinguishable ordered pairs can be formed in this manner?

















	b.	Model the ordered pairs with disks using the following directions:





		Each ordered pair has a first coordinate that must be one of the possibilities in the row of disks you already have on your desk.  To construct an ordered pair, you need only to pair one of these with a second disk.  In each case, you have two choices (two different colors from which to choose).  Place disks on your desk to model the possibilities, and complete the sketch of the arrangement at the top of the next page.  (For example, place two purple disks adjacent to one another to model the ordered pair in which both components are purple disks.)
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		Note that an ordered pair contains either 2 yellow disks, 1 yellow disk, or 0 yellow disks.  Rearrange the ordered pairs of disks into three columns according to the number of yellow disks in an ordered pair.  Complete the sketch of this arrangement below:





		Number of yellow disks:





 			          0			         1			     2
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		Your desk should now have two layers of disks:  the top layer containing a single purple disk and a single yellow disk separated; the bottom layer should look like the sketch above.  Leave this arrangement in place!





2.	Ordered triples are to be formed by selecting either a purple or yellow disk for each coordinate. 





	a.	Determine the number of distinguishable ordered triples that are possible.  Explain your rationale.
































	b.	Each ordered triple may be matched with the ordered pair formed by its first two coordinates.  Using this idea and the second layer of disks on your desk, construct a third layer that models the distinguishable ordered triples of purple and yellow disks, placing the triples into columns according to the number of yellow disks as before.





		How many ordered triples have 0 yellow disks? __________


		How many ordered triples have 1 yellow disk? __________  Describe how these triples were formed from the layer modeling the ordered pairs.




















		How many ordered triples have 2 yellow disks?  ___________   Describe how these were formed from the layer modeling the ordered pairs.























		How many ordered triples have 3 yellow disks? __________  	Describe how these may be counted by using the layer modeling the ordered pairs.























3.	Using additional disks, extend your model to include a layer representing distinguishable ordered 4-tuples.  Describe how you made the extension.






































�
4.	Use your model to complete the first five rows of the following table.  In each cell of the table, record the number of ordered  n-tuples (where  n  is indicated by the row) having the number of yellow disks indicated by the heading of its column.
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5.	Study the entries in the table in (4) for a pattern for obtaining the entries in a row from those in the previous row.





	a.	Describe the pattern you observe.
































	b.	Use your pattern and the TI82 calculator to complete the rows for  5-tuples through  9-tuples.





6.	Constructing an ordered  n-tuple with a specified number of yellow disks may also be done by selecting the positions that will be filled by a yellow disk.  





	For example, to construct an ordered  5-tuple with two yellow disks requires the selection of two positions from the five possible positions (coordinates) in which to place a yellow disk.  The number of ways in which this can be accomplished is the same as the number of two-element subsets that may be formed from the five position numbers, or the same as the number of  _________________________  of two of five objects.





	In general, the number of ordered  n-tuples with  exactly  r  yellow disks is the same as 





	_________________________________________________________________________.





7.	Use your conclusions in (6) and (7) to write a recursive formula expressing the number of combinations of  r  of  n  objects in terms of appropriate combinations of  n - 1  objects.


	


			nCr =  _________________________________________








8.	The TI82 calculator may be used to compute the number of combinations directly. For example, to calculate  6C4  with the TI82, use the following keystrokes:








					6


					MATH


					=		(To select the option  PRB  from the menu.)


					3		(To select the option  nCr  from the menu.)


					4		(The display should show  6 nCr 4.)


					ENTER








	Use the calculator to compute each of the following:





	a.	12C5 = _________________














	b.	The number of  4 element subsets that may formed from  15  objects























	c.	The number of  3  member committees that may be formed from a faculty of  20 teachers




















	d.	The number of ordered 25-tuples in which each coordinate is either  P  or  Y  that have exactly  4  coordinates that are  Y




















	e.	The number of ways that  25  successive tosses of a coin might yield
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