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CHAPTER R Review of Basic Concepts

Basic Definitions A set is a collection of objects. The objects that belong to
a set are called the elements, or members, of the set. In algebra, the elements of
a set are usually numbers. Sets are commonly written using set braces, { }. For
example, the set containing the elements 1, 2, 3, and 4 is written as follows.

{1,2,3,4}

Since the order in which the elements are listed is not important, this same
set can also be written as {4, 3,2, 1} or with any other arrangement of the four

numbers.
To show that 4 is an element of the set {1, 2, 3, 4}, we use the symbol €.

4e{1,2,3,4}
Since 5 is not an element of this set, we place a slash through the symbol €,
5¢{1,2,3,4}

It is customary to name sets with capital letters. If S is used to name the set
above, then we write it as follows. '

s=1{1,2,3,4}
Set § was written by listing its ‘elements. Set S might also be described as
“the set containing the first four counting numbers.”

In this example, the notation {’1, 2: 3, 4}, with the elements listed between set
braces, is briefer than the verbal description.

The set F, consisting of all fractions between 0 and 1, is an example of an
infinite set, one that has an unending list of distinct elements. A finite set is
one that has a limited number of elements. The process of counting its elements
comes to an end. Some infinite sets can be described by listing. For example, the
set of numbers N used for counting, called the natural numbers, or the count-
ing numbers, can be written as follows.

N = {1, 2,3,4,.. } Natural (counting) numbers

The three dots (ellipsis points) show that the list of elements of the set continues

according to the established pattern.
Sets are often writtén using a variable to represent an arbitrary element of

the set. For example,
{x|x1s a natural number between 2 and 7}  Set-builder notation

(which is read “the set of all elements x such that x is a natural number between
2 and 7”) uses set-builder notation to represent the set {3, 4, 5, 6}. The numbers
2 and 7 are not between 2 and 7.

Using Set Notation and Terminology

Identify each set as finite or infinite. Then determine whether 10 is an element
of the set. :

@ {7,8,9,...,14} m {LL L L.}
(¢) {x|x is a fraction between 1 and 2}

(d) {x|x is a natural number between 9 and 11}
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(a) The set is finite, because the pfocess of counting its elements 7, 8, 9, 10, 11,
12, 13, and 14 comes to an end. The number 10 does belong to the set, and
this is written as follows.

10€{7,8,9,..., 14}

(b) The set is infinite, because the ellipsis points indicate that the pattern con-
tinues forever. In this case,

oe¢{1ix&. .}

(¢) Between any two distinct natural numbers there are infinitely many frac-
tions, so this set is infinite. The number 10 is not an element.

(d) There is only one natural number between 9 and 11, namely 10. So the set is
finite, and 10 is an element.

' Rlowr Try Exareises 1,5, 5, swd 7.

Listing the Elements of a Set

Use set notation, and write the elements belonging to each set.
(a) {x|xis a natural number less than 5}

(b) {x|xis a natural number greater than 7 and less than 14}

(a) The natural numbers less than 5 form the set {1, 2,3, 4}.
(b) This is the set {8,9, 10, 11, 12, 13}.

& Mow Try Exercise 15,

When we are discussing a particular situation or problem, the universal set
(whether expressed or implied) contains all the elements included in the discus-
sion. The letter U is used to represent the universal set. The null set, or empty set,
is the set containing no elements. We write the null set by either using the special
symbol @, or else writing set braces enclosing no elements, {1.

CAUTION | Do not combine these symbols. {#} is not the null set.

Every element of the set § = {1, 2,3, 4} is a natural number. S is an ex-
ample of a subset of the set N of natural numbers, and this is written

SCN.

By definition, set A is a subset of set B if every element of set A is also an ele-
ment of set B. For example, if A = {2, 5, 9} and B = {2, 3,5,6,9, 10}, then
A C B. However, there are some elements of B that are not inA,soBisnota

subset of A, which is written
B Z A.
By the definition, every set is a subset of itself. Also, by definition, @ is a subset
of every set.
If A is any set, then § C A.

Figure 1 shows a set A that is a subset of set B. The rectangle in the drawing
represents the universal set U. Such diagrams are called Venn diagrams.




4

CHAPTER R Review of Basic Concepts

B’

Figure 2

Two sets A and B are equal whenever A C B and B C A. Equivalently,
A = B if the two sets contain exactly the same elements. For example,

{1,2,3} = {3, 1,2}
is true, since both sets contain exactly the same elements. However,
{1,2,3} #{0,1,2,3},
since the set { 0,1,2, 3} contains the element 0, which is not an element of { 1,2,3 }

~ Examining Subset Relationships

Let U= {1 3,5,7,9,11,13}, A={1,3,5,7,9,11}, B={1,3,7,9},
C=1{3,9,11}, and D = {1,9}. Determine whether each statement is frue
or false.

(a) DCB (b) BCD () CZA d U=A4A

(a) All elements of D, namely 1 and 9, are also elements of B, so D is a subset
of B, and D C B is true.

(b) There is at least one element of B (for example, 3) that is not an element of
D, so B is not a subset of D. Thus, B C D is false.

(c) Cisasubsetof A, because‘every element of Cis also an element of A. Thus,
C C Aistrue, and as aresult, C € A is false.

(d) U contains the element 135 but A does not. Therefore, U = A is false.

o' Mow Try Exercises 43, 45, 53 and 55

Gp i Sets Given a set A and a universal set U, the set of all ele-
ments of U that do not belong to set A is called the complement of set A. For
example, if set A is the set of all students in your class 30 years old or older, and
set U is the set of all students in the class, then the complement of A would be the
set of all the students in the class younger than age 30. The complement of set A
is written A’ (read “A-prime”). The Venn diagram in Figure 2 shows a set B. Its
complement, B’, is in color.

- Finding the Complement of a Set

Let U = {1 2 3,4,5,6,7}, A={1,3,5,7}, and B = {3, 4, 6}. Find each set.
(@ A (b) B’ ) ¢ @ v

(a) Set A’ contains the elements of U that are notin A. Thus, A’ = {2, 4, 6}.
®) B'={1,2,57 (0 #=U @U=¢

" Row Try Exercise 79,

Given two sets A and B, the set of all elements belonging both to set A and
to set B is called the intersection of the two sets, written A (M B. For example,
if A={1,2,4,5,7} and B = {2, 4,5,7,9, 11}, then we have the following.

ANB={1,2,4,57yN0{2,4,57,9, 11} = {2,4, 5,7}
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The Venn diagram in Figure 3 shows two sets A and B. Their intersection,
A B, is in color. .

Two sets that have no elements in common are called disjoint sets. If A
and B are any two disjoint sets, then A N B = @. For example, there are no ele-
ments common to both {50, 51, 54} and {52, 53, 55, 56}, so these two sets are

disjoint.
{50, 51,54} N {52,53,55,56} = 6

S - Finding the Intersection of Two Sets

Find each of the following.

(@ {9,15,25,36} N {15,20, 25, 30,35}
®) {2,3,4,5,61N{1,2,3,4}

(© {1,3,5}N{2,4,6}

@ {9, 15,2536} N{15,20,25,30,35} = {15, 25}
The elements 15 and 25 are the only ones belonging to both sets.

M) {2,3,4,5,6}N{1,2,3,4} ={2,3,4}
(c) {1, 3, 5} N {2, 4, 6} = ﬁ Disjoint sets

Rove Try Exarcises 59, 65, amd 75.

The set of all elements belonging to set A or to set B (or to both) is called
the union of the two sets, written A U B. For'example, if A = {1, 3, 5} and
B= {3, 5,7, 9} then we have the following.

AUB=1{1,3,5}U{3,579}={1,3,57,9}

The Venn diagram in Figure 4 shows two sets A and B. Their union, A U B, is
in color.

P Iglwa:ff'ii» i QFinding the Union of Two Sets
Find each of the following.

(@ {1,2,5,9,14} U {1,3,4,8}

() {1,3,5,7} U {2,4, 6}

© {1,3,57,..} U{2,4,6,..}

(a) Begin by listing the elements of the first set, {1, 2,5,9, 14}. Then include
any elements from the second set that are not already listed.

{1,2,5,9,14} U {1,3,4,8} = {1,2,3,4,5,8,9, 14}
®) {1,3,5,7} U {2,4,6} = {1,2,3,4,5,6,7}
(c) {1, 3,5,7,.. } U {2, 4,6,.. } =N  Natural numbers

© Mow Try Exercises 73 and 77.
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The set operations are summarized below.

Set Operations

Let A and B be sets, with universal set U.

The complement of set A is the set A’ of all elements in the universal set that
do not belong to set A.

A'={x|x€U, x&A}
The intersection of sets A and B, written A (N B, is made up of all the elements
belonging to both set A and set B.
ANB = {x|x EA and x € B}

The union of sets A and B, written A U B, is made up of all the elements
belonging to set A or to set B.

AUB = {x|[xEAorx EB}

Exercises

Identify each set as finite or infinite. Then determine whether 10 is an element of the set.

See Example 1. 1 ‘
1. {4,5,6,...,15} 2. {1,2,3,4,5,...,75} \
3. {1,354} 4. {4,5,6,...}

5. {x|x is a natural number greater than 11}
6. {x|x is a natural number greater than or equal to 10}
7. {x|x is a fraction between 1 and 2}

8. {x|x is an even natural number }

Use set notation, and list all the elements of each set. See Example 2.

9. {12, 13, 14,..., 20} 10. {8,9,10,...,17}
1 {4,545} ©12..{3,9,27,...,729}
13. {17,22,27,...,47} 14. {74,68,62,...,38}

15. {x|xis a natural number greater than 7 and less than 15}

16. {x|xis a natural number not greater than 4}

Insert € or & in each blank to make the resulting statement true. See Examples 1

and 2.
17.6 ____ {3,4,5,6} 18. 9 {3,2,5,9,8}
19. -4 ___ {4,6,8,10} 20. —12 _____ {3,5,12, 14} .
- 2.0 {2,0,3,4} 2.0 {0,5,6,7,8, 10} ,
23. {3} _____{2,3,4,5} 24, {5} ____{3,4,5,6,7}
25. {0} ____{0,1,2,5} ©26. {2} {2,4,6,8}

. 270 @ 28. @




