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Lecture 2.3
Contemporary Mathematics
Instruction: Permutation
In general, a permutation is an arrangement. With arrangement order is important.
Consider a decorator who wants to display eight photographs on the mantel of a fireplace. How
many ways can the decorator arrange the photographs in a line? There are eight ways to place the
first photograph. After placing the first, there are only seven ways to place the second
photograph since only seven spots remain. After placing the first two, there are only six ways to
place the third, etc. Using the Fundamental Counting Principle, the total number of ways to
place the eight photographs can be found by multiplying the number of ways to place each
succeeding photograph: 8·7·6·5·4·3·2·1 = 8! = 40,320. Each arrangement is a permutation. Note
that in this example, n objects where chosen from a set with n elements. According to the
Factorial Rule, the number of permutations when n objects are chosen from a set of n objects
equals n! Sometimes, however, some subset of r objects are chosen from a set of n objects
where r < n to form a linear arrangement of r distinct objects. When this occurs, the Permutation
Formula stated below dictates the number of permutations.
If set S has n elements, then the number of linear arrangements containing r distinct
objects taken from S is denoted by P(n,r) or nPr and given by
P ( n, r ) =
n!
.
( n − r )!
Reconsider the decorator who wants to adorn a fireplace mantel with photographs. If the
decorator has eight photographs to choose from but only three spots on the mantel, then the
number of arrangements equals the permutation of eight objects taken three at a time:
n
Pr =
n!
8!
8! 8 ⋅ 7 ⋅ 6 ⋅ 5!
=
=
=
= 8 ⋅ 7 ⋅ 6 = 336
( n − r ) ! ( 8 − 3) ! ( 5 ) !
( 5)!
There are 336 arrangements (permutations) that the decorator can use.
One final warning: since the Permutation Formula gives the number of arrangements of r
distinct objects taken from a set of n distinct objects, there is no duplication of objects.
Application Exercise 2.3
Problems
#1
Compare 7 P3 to P ( 6, 4 ) using <, >, or = symbols.
#2
Solve the equation given below.
( 5 P3 ) x − ( 4 P2 ) = ( 8 P4 )
#3
How many ways can a crew with a pilot, navigator, and payload specialist be chosen
from twenty-four astronauts qualified for all three positions?
#4
Given n ( F ) = 16 , how many seven-member arrangements can be formed using the
elements of F?
#5
Given E = { x :1 ≤ x ≤ 9, x ∈ ]} , how many three-digit numbers can be formed using
three different elements from set E?
1. 7 P3 < P ( 6, 4 )
2.
141
or 28.2
5
3. 12,144
4. 57,657,600
5. 504
Assignment 2.3
Problems
#1
Compare 5P3 to P(6,2) using <, >, or = symbols.
#2
How many ways can a president, treasurer, and secretary be chosen for a club with
sixteen members?
#3
Given E = { x :1 ≤ x ≤ 9, x ∈ } , how many two-digit numbers can be formed using two
different elements from set E?
#4
Given T = {English letters in the word "dream"} and S = {whole numbers less than 5} ,
how many five-character passwords can be formed from T ∪ S if the repetition of
characters is not allowed?
#5
Given n ( F ) = 17 , how many five-member arrangements can be formed using the
elements of F?
Lecture 2.4
Contemporary Mathematics
Instruction: Combinations
Combinations are selections of distinct objects in which the order of the objects is not
important. If a club with twenty members, for example, is to select which three members must
attend a national conference, the arrangements are combinations because choosing Alice, Bobby,
and Charlene is not different from selecting Charlene, Bobby, Alice. In either case, the same
three members will attend the conference. The number of combinations of n distinct objects
⎛n⎞
taken r at a time has three acceptable notations including n C r , C ( n, r ) , and ⎜⎜ ⎟⎟ . The number of
⎝r ⎠
combinations of n objects taken r at a time is given by the Combination Formula below.
If set S has n elements, then the number of combinations of r distinct objects taken
from S is given by
⎛n⎞
n!
.
⎜⎜ ⎟⎟ =
⎝ r ⎠ r! (n − r )!
Consider a marketing director planning a promotion for a product sold in twelve different
cities. If the director's budget only allows a promotional blitz in three cities, how many different
ways can the director select three cities from the twelve target cities? The selection of Dallas,
San Diego, and Nashville is no different from the selection of Nashville, San Diego, and Dallas
because the order of the selection of those three cities does not change the fact that those three
cities will be the focus of the marketing promotion. Since order does not make a difference, the
Combination Formula gives the answer:
2
12!
12 × 11× 10 × 9! 12 × 11× 10
= 2 × 11× 10 = 220 .
C (12,3) =
=
=
3!(12 − 3)! 3 × 2 × 1× ( 9!)
3× 2
Application Exercise 2.4
Problems
#1
⎛7⎞
Compare ⎜ ⎟ , 8 C4 , and C ( 9,1) using <, >, or = symbols.
⎝ 2⎠
#2
How many two-member crews can be chosen to fly a mission if there are thirty
available astronauts?
#3
Given eight astronauts qualified as pilots and eighteen astronauts qualified as
specialists, how many crews with one pilot and two specialists can be chosen for a
mission?
#4
Given n ( A ) = 13 , how many five-member subsets of A are there?
#5
Solve the equation below.
⎛9⎞ ⎛8 ⎞
⎛ 6 ⎞ ⎛14 ⎞
⎜ ⎟+⎜ ⎟x =⎜ ⎟x+⎜ ⎟
⎝3⎠ ⎝7⎠
⎝5⎠ ⎝ 7 ⎠
⎛7⎞
1. 8 C4 > ⎜ ⎟ > C ( 9,1)
⎝ 2⎠
4. 1,287
2. 435
5. 1,674
3. 1,224
Assignment 2.4
Problems
#1
⎛ 8⎞
Compare ⎜⎜ ⎟⎟ , 7 C2 , and C ( 6, 3) using <, >, or = symbols.
⎝ 5⎠
#2
How many two-card hands can be dealt from a standard deck of 52 playing cards?
#3
Given A = {a, b, c, d, e, f, g, h, i, j, k, l, m, n o, p, q, r, s, t, u, v, w, x, y, z} , how many
four-member subsets of A are there?
#4
Given n ( B ) = 12 , how many six-member subsets of B are there?
#5
Given n ( C ) = 99 and n ( D ) = 512 , compare the number of three-member subsets of C
to the number of two-member subsets of D using <, >, or = symbols.
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