Permutations
Permutations involve all the possible arrangements (where order matters with no repetitions) of a fixed set of objects.  Consider the following set of four numbers {5, 6, 7, 8}.  All the possible permutations of this set of numbers are:

5678

5687

5867

5876

6578

6587

6578

5786

5768

8756

8765

6758

6785

6857

6875

7568

7586

7658

7685

7865

7856

8567

8576

8657

8675

There are 24 possible permutations of these four objects.  As the number of objects in the set grows, the number of possible permutations grows much more rapidly.  If out set of objects has six elements in it, the number of possible permutations is 720.  If the number of objects is ten, the number of possible permutations is 3,628,800.
Sometimes we wish to select fewer elements in the set than are present.  For the same set above, if we choose two elements, the possible combinations are:

56

57

58

65

67

68

75

76

78

85

86

87

There are twelve possible permutations.  There is a formula we can use to find the number of possible permutations.  It relates the total number of items in the set, n, with the total number of elements to be chosen, r.  The formula is sometimes referred to with the label nPr or P(n, r), and is given by the relation 
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.  What this essentially tells us, is that the number of permutations is calculated by multiplying the number n by (n-1) by (n-2) and so on until you have the number r of terms you wish to count.

For instance, to calculate the number of permutations possible from a set of four elements when one chooses two elements, one multiplies 4*3 = 12.  Equivalently we can use our expression above, 
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.  If one wishes to calculate the number of possible permutations from a set of four elements when one is choosing all four elements, one multiplies 4*3*2*1 = 24.  Equivalently, we can use our expression above, 
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Try some examples:

A. How many possible permutations are there of a three elements from a set of three elements, such as abc?

B. How many possible permutations are there of four elements from a set of ten elements, such as 0123456789?
Problems to do for homework

1. How many different arrangements (permutations) are there of the digits 01234?

2. How many 5-digit even numbers can you make?

3. What is the value of P(7, 5)?

4. Suppose that sixteen people show up at a theatre but inside the main doors there is only room for a queue of ten people between the doors and the ticket window. Find the number of such queues of ten people.

5. You are choosing a four-character password involving both letters and numbers (case of the letter is not important).  Determine the number of possible four-character passwords that can be used.

6. You are selecting five cards from a standard deck of playing cards (there are 52 cards in a standard deck).  How many different ways can you choose those five cards?
7. In how many ways can 8 CD’s be arranged on a shelf? 

8. If a softball league has 12 teams, how many different end of the season rankings are possible?  (Assume no ties).

9. In how many ways can a the scrabble club of 20 members select a president, vice president and treasury, assuming that the same person cannot hold more than one office.

10. A key pad lock has 10 different digits, and a sequence of 5 different digits must be selected for the lock to open.  How many key pad combinations are possible?

Combinations

Combinations are similar to permutations except that now order doesn’t matter.  We are still selecting from a fixed set of elements, such as {5, 6, 7, 8}.  The possible combinations we can choose, given no repetitions are:

5678

If we choose fewer than the maximum number of elements, such as two elements would be:

56

57

58

67

68

78

Like permutations, we have a formula for determining the number of possible combinations of elements without listing them out, but the formula is slightly more complicated.  We can refer to the formula with the label nCr, C(n, r) or often just 
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.  As with permutations, n represents the number of elements in the set, while r represents the number of elements to be chosen from the set.  The formula for combinations is given by 
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For instance, in the first example above, we have a set of four elements, and we are selecting all four elements for our combination, so our formula gives us 
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.  In the second example, our formula gives us 
[image: image7.wmf]6

4

24

1

2

1

2

1

2

3

4

)!

2

4

(

!

2

!

4

=

=

×

×

×

×

×

×

=

-

.
Combinations have a lot of applications in mathematics.  We will be seeing some of them in class when we discuss the binomial theorem.  Another example is Pascal’s triangle:
   Row 0                   1

   Row 1                 1   1

   Row 2               1   2   1

   Row 3             1   3   3   1

   Row 4           1   4   6   4   1

   Row 5         1   5  10   10  5   1

   Row 6       1   6  15  20   15  6   1

Each row of the triangle is the value of a given n, and the value in the triangle is the value of the combination r+1 entries across the row.  For example, in Row 6, the 20, is the 4 element in the row.  If 4 = r+1, then r = 3.  And if we use the formula given above, 20 is the value of  C(6, 3).
Try some examples:

A. How many dance couples can be formed from a group of eleven people?

B. Find the value of 
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Problems to do for homework:

1. How many ways can you be dealt a hand of five cards in poker from a standard deck of playing cards?

2. Find C(8, 6). Find C(8, 2).

3. A door can be opened only with a security code that consists of five buttons:  1, 2, 3, 4, 5.  A code consists of pressing any one button, or any two, or any three, or any four, or all five.  How many possible codes are there?

4. A company is giving away a trip to Hawaii to its three top sellers.  The company has 22 employees.  How many possible ways could the vacation trip be given away?
5. One way of winning the Pick-4 lottery number is getting all the numbers picked in any order.  How many ways can a person pick numbers to cover all the possible combinations of winners?

6. In a conference of 9 schools, how many intraconference football games are played during the season if the teams all play each other exactly once?

7. Ms. Mitchell will choose 1 boy and 1 girl from her class to be the class representatives.  If there are 4 boys and 7 girls in her class, how many different pairs of class representatives could she pick?
8. A person has the following bills: $1, $5, $10, $20, $50. How many unique sums can one form using any number of these bills only once?

9. A three-person committee must be chosen from a group of 7 professors and 10 graduate students. If at least one of the people on the committee must be a professor, how many different groups of people could be chosen for the committee?

10. There are 5 married couples and a group of three is to be formed out of them; how many arrangements are there if a husband and wife may not be in the same group?
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