Linear Permutations

Teacher Directions

Synopsis

Students study permutations to understand the computations of sample spaces.

Main Standard

19.0*   Students use combinations and permutations to compute probabilities

Materials

different colored blocks (or different colored cardstock squares)

calculator

Copies of Blocks in a Row
Copies of Blocks in a Row, part 2

Tree diagram for 4 blocks, overhead

Copies of blank chart (in teacher notes - optional)
Teacher Directions
Important:  Designate the colors you will be using so that it will be easier to reference your work.  You may want to prepare in advance the colors that you want in baggies, separated by groups.

In number 4 of the activity, have student teams fill out as much of the first two columns of the chart (leave the third column blank).   They do not necessarily need to find all of the answers, a good goal would be to figure out for blocks 1-5.  It is important that they are to think about the pattern prior to your discussing it as a class.   Have a class discussion about the pattern.  

It is useful to use the third column to write out the following:

	Number of Blocks
	Number of ways to arrange blocks
	Relationship to previous
	  Calculations written out 

 

	1
	1
	
	1

	2
	2
	multiplied by 2
	2((previous) = 2(1

	3
	6
	multiplied by 3
	3((previous) = 3(2(1

	4
	24
	multiplied by 4
	4((previous) = 4(3(2(1

	5
	120
	multiplied by 5
	5((previous) = 5(4(3(2(1


Once you have filled out that chart, have them fill out the rest of the chart (including the new columns 3 & 4 you have discussed).  They will (naturally) not be too thrilled about filling out the calculations for 100.  Stop the class and discuss how they can use the shorthand  notation of factorial. 

Sample answers

	12
	
	multiply the answer to 11 by 12
	12(9(8(7(6(5(4(3(2(1

	100
	
	multiply the answer to 99 by 100
	10(99(98(97(96(95(94(93(92(91...

or alternatively 100!

	n
	
	multiply the answer to n-1 by n
	n(n-1)(n-2)(n-3)...

or alternatively n!


It would be a good idea at this time to discuss/review what (n-1) means and how n! represents 

n(n-1)(n-2)(n-3)...

For #6, do the branch diagram for 3 blocks together.  Make sure that on their tree diagram they label first block, second block, third block, fourth block.  Also, they should include the sample space that goes along with it.  Assign the rest of #6 for homework along with problems from your text on simple permutations.  Ask them to write a tree diagram along with this.

Permutations, Part II.

In this piece, students will use their information from part 1 to develop permutations of n objects taken r at a time.  Have students take out their chart from their homework on part I.  Or you may supply them with a photocopy of the chart so that you all have the same reference, facilitating your instruction.

Problem 1 should be the same answer to what they did in the previous activity.  Have a quick discussion on the notation for this as well as the notation to problem 2.

Have them answer problems 2 & 3 trying to establish patterns and using their chart.  Once you have given them sufficient time to process their thoughts and come up with ideas, then have a directed discussion as to how the tree diagrams are related and direct the discussion to establishing a pattern for solving the equations.  The goal is to have them understand why in, for example, P(4,2), you only use 4(3.  Do not yet introduce the formula for the calculation.

Have them try the problems in #5.  At the end, they will feel frustrated with nPr.  It is not expected that they come up with this formula.  The students or student teams should work out as much as possible that time allows.  Summarize their answers and thoughts by creating a chart (as shown) of their answers as a class, soliciting answers from random students.  Using the chart in successive problems to build up using factorial notation such that you can in the end create the formula.  Note:  You may wish to copy the blank chart ahead of time and pass out if you feel it will save time.

Blank Chart

	Problem

Notation
	Alternate

Notation

 
	Calculations
	Fraction
	Factorial Notation

	5P5
	
	
	
	

	
	P (5,3)
	
	
	

	
	P (7,3)
	
	
	

	7P2
	
	
	
	

	12P4
	
	
	
	

	nPr
	
	
	
	


Completed chart

	Problem

Notation
	Alternate

Notation

 
	Calculations
	Fraction
	Factorial Notation

	5P5
	P (5,5)
	5(4(3(2(1
	
	5!

	5P3
	P (5,3)
	5(4(3
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5×4×3×2×1

1
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5!

2!



	7P3
	P (7,3)
	7(6(5
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7×6×5×4×3×2×1

4×3×2×1
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7!

4!



	7P2
	P (7,2)
	7(6
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7×6×5×4×3×2×1

5×4×3×2×1
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7!

5!



	12P4
	P ( 12, 4)
	12(11(10(9
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12×11×10×9×8×7×6×5×4×3×2×1

8×7×6×5×4×3×2×1
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12!

8!



	nPr
	P ( n,r)
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n!

(n-r)!
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Linear Permutations

1. Write all of the possible ways to put two blocks (of different color) in a row?

2. How many possible ways are there to put 3 blocks (of different color) in a row?

3. How many possible ways are there to put 4 blocks (of different color) in a row?

4. Fill in the following chart, using the above information.  

Look for a pattern in the chart to fill out the rest of the chart.

	Number of Block
	Number of ways to arrange blocks
	

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	

	12
	
	

	100
	
	

	n
	
	



What you have just done is a permutation.

A permutation is an arrangements of objects in a specific order.

5.   From what you have done, what is your “rule” for calculating a permutation of n   objects?

6.   On a separate sheet or paper, represent the “branch diagram” for permutation of 3 blocks of different colors. Then do the same for a permutation of 4 blocks of different colors.  Explain how the branch diagrams match your calculations.

Linear Permutations, Part II

1. How many ways can you place 4 blocks (of different colors) in a row? 

Notation:   P(4,4)  or 4P4 
2. Now suppose that you have 4 blocks (of different color), but only want to put 3 of them in a row.  How many ways would there be to do this?  It may help you to refer to your tree diagram that you drew in part I.   Notation:    P(4,3)  or 4P3
3. How about if you had 4 blocks, but I only want you to put 2 of them in a row?  How many different ways are there to do this?  Notation:  ___________________
4. In your groups and as a class, analyze your answers to questions 1-3  Write down any notes below.

5. Use the pattern that you have found to figure out the answers to the following.  Show your calculations.

5P5  =






P (5,4) = 

P ( 5,3) = 





5P2 =

50P4  = 






nPr  =


  Permutations of n Objects Taken r at a Time:

Name _______________________________ Date ___________ Period ______
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