
Set and Set Operators 
 
Definition of a set 
 
A set is a collection of objects, things or numbers. 
 
The universal set is the set of all possible elements of set used in the problem.  Denoted 
by U  
 
Examples 
 
{ }
{ }
{ }CarolinaNothKentuckyTennesseeMarylandVirginiaWestVirginia

PhilMarkJohnRon
,,,,,

,,,
5,4,3,2,1

 

 
Elements are the members of a given set. 
 

{ }
{ }edcbaa

ofelementannotisrepresents
ofelementanisrepresents

,,,,
5,4,3,2,13

∈
∈

∉
∈

 

 
Roster Notation 
 
{ }
{ }
{ },.......8,6,4,2

,,,,
,,,,

SuperiorErieMichiganOntarioHuron
uoiea

 

 
Builder Set Notation 
 
{ }
{ }
{ }numbernaturalevenanisxx

lakegreataisxx
vowelaisxx

|
|
|

 

 
A set is well defined is the elements of the sets are clearly defined. 
 
If a set is well defined, then there should not be any confusion of what the elements are in 
the set 
 
 
 
 



Examples of well defined sets 
 
{ }
{ }
{ }numberwholeaisxx

srqponm
|

,,,,,,
13,11,9,7,5,3,1

 

 
Examples of set that are not well defined 
 
{ }
{ }teamfootballgoodaisxx

coolsomethingisxx
|
|

 

 
 
Subsets 
 
A set B is a subset of set C, if every element in B is an element of C. CB ⊂  
 
Proper Subsets 
 
A set B is a proper subset of C, if every element of B is an element of C and there is at 
least one element of B that is not in C.   CB ⊂  
 
 
Example 
 

{ }
{ }7,6,5,4,3,2,1

5,4,3,2,1
=
=

C
A

 

 
?CAIs ⊂  

Since every element in the set A is an element of C, A is a subset of C. 
 
The Empty Set 
 
The empty set is a set that contains no elements.  The empty set is also referred to as the 
null set. 
 
Symbol representation φ  or {} 
 
 
 
 
 
 
 
 



 
 
 
Example 1 
 

{ }
{ }7,6,5,4,3,2,1

5,4,3,2,1
=
=

C
A

 

 
?CAIs ⊂  

 
Solution: Since every element in the set A is an element of C, A is a subset of C. 
 
 
Example 2 
 

{ } { }?5,4,3,2,1,06,5,4 ofsubsetaIs  
 
Solution: no, since the element 6 in not in the set{ }5,4,3,2,1,0  
 
 
Example 3 
 
List all possible subsets of { }ca,  
Solution: { } { } { }caca ,,,,φ  
 
 
Example 4 
 
List all subsets of the set {a,b,c} 
 
Possible subsets 
 
Solution: { } { } { } { } { } { }{ }cbacacbbacba ,,,,,,,,,,,φ  
 
 
Example 5 
 
List all subsets of the set {4} 
 
Possible sets: { }4,φ  
 
 
 



 
The pattern for subsets 
 
Number of 
elements 

Number of subsets 

1 2 
2 4 
3 8 
4 16 
 
 
Formula to find the number of subsets s of a given set A with n elements 
 

ns 2=  
 
 
 
Example 6  
 
How many subsets does a set A with 13 elements have? 
 

8192
2
2

3

=
=

=

s
s
s n

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Union and Intersection 
 
Union of Two Sets 
 
The union of two sets is denoted by BA∪ is { }BxorAxxBA ∈∈=∪ |  
 
 
Intersection of Two Sets 
 
The intersect of two sets is denoted by BA∩ is { }BxandAxxBA ∈∈=∩ |  
 
 
 
Example 1 
 
Let A={1,2,3,4,5,6,7},B={1,3,5,7},C={1,2},D={3,4,5,6,7,8}, and E=φ  
 

1) Is ?AC ⊂  
Answer: Yes, every element in C is contained in A 
 
2) Is ?AB ⊂  
Answer: Yes, every element in C is contained in A 

 
3) Is ?AD ⊂   
Answer: No, 8 is an element of D and not an element of A? 
 
4) Is ?A⊂φ   
Yes, the empty set is a subset of any nonempty every set. 
 
5) Find BA∩  
Answer:  { }7,5,3,1=∩ BA  
 
6) Find BA∪  
Answer:  { }7,6,5,4,3,2,1=∪ BA  
 
7) Find CA∩  
Answer:  { }2,1=∩CA  
 
 

 
 
 
 
 



Venn Diagrams  
 
General Venn diagram for sets A and B 

U
BA

 
U = the universal set 
 
The Venn diagram for BA∩  
 

BA∩  
 

U

BA

 
 
The Venn diagram for BA∪  
 

BA∪  
 

U

BA

 
 
 
 
 



The complement of a set A 
 
The complement of a set A is the set of all elements in the universal that are not elements 
of the set A. 
 

{ }UxandAxxA ∈∉=′ |    
 

BA

 
 
 
Example 2 

U

 
1) Find BA∩  

{ }7,6,5=∩ BA  
 

2) Find BA∪  
       { }10,9,8,7,6,5,4,3=∪ BA  
 

3) Find A′  
 
 

 
 
 
 

{ }10,9,8=′A



 
 

 
Example 3 
 

{ } { } { }

{ }

{ }

{ }

{ }10,11,10,9,3,2,1
)4

12,11,10,9,8,7
)3

6,5,4
)2

8,7,6,5,4,3,2,1
)1

12,11,10,9,8,7,6,5,4,3,2,1,8,7,6,5,4,6,5,4,3,2,1

=′
′
=′
′
=∩

∩
=∪

∪

===

B
B

A
A

BA
BA

BA
BA

Find
UBA

Given

 

 
5) Make a Venn diagram of A,B, and U 
 

9
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7
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U

BA

 
 
 
 
Venn diagrams 
 

U

BA

 
 
 
 



 
Shade the region corresponding to the indicated set. 
 
1) BA∩  
 

A B

U

 
 
2)  A′  

A B

U

 
 
 
3) BA ′∩′  
 

A B

U

 
 
4) BA ′∪  
 

A B

U

 
 
 
 
 
 
 



 
 
      Problem Set 1 
 

I) Which of the following sets are well defined? 
1){ }7,6,5,4,3,2,1  
2){ }stateSUaisxx |  
3){ }gamefunaisxx |  
 
II) Write each set in roster form 

      1) { }Vletterthewithbeginsthatstateaisxx |  
      2) { }vowelaisxx |  
     

III) Subsets 
1) List all subsets of { }ia,  
2) List all subsets of { }ipv ,,  
3) List all subsets of { }7,6,5,4  
4) A set of 15 elements would have how many possible subsets 

 
IV) Union and Intersection 

     { } { } { } { }ihgfeDkjihChfdbBdcbaALet ,,,,,,,,,,,,,,,, ====  
5) Find BA∪  
6) Find BA∩  
7) Find CB∪  
8) Find DA∩  
9) Is AC ⊂ ? 
10) Is AB ⊂ ? 
11) Make a Venn diagram for sets UandBA ,,  

 
V) Union and Intersection 

     
{ } { } { } { }

{ }14,13,12,11,10,9,8,7,6,5,4,3,2,1
12,11,10,9,8,7,6,5,4,3,2,1,5,4,3,2,9,7,5,3,10,8,6,4,2

=
====

U
DCBALet

 

12)  Find BA∪  
13)  Find BA∩  
14)  Find A′  
15)  Find ( )′∩ BA  
16) Make a Venn diagram for sets UandBA ,,  

 
VI) Venn Diagrams 

     Use the general Venn diagram to answer the following questions 



    
U

BA

 
17) Shade the Venn diagram of BA∪  
18) Shade the Venn diagram of BA∩  
19) Shade the Venn diagram of A′  
20) Shade the Venn diagram of BA ′∪  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Equivalent Sets  
 
Two sets are equivalent if they have the same number of elements. 
 
Examples of equivalent sets 
 
{ }

{ }dcba
and

,,,

4,3,2,1
 

 
{ }

{ }dcba
and

mathewmarklukejohn

,,,

,,,
 

 
Cardinality  
 
Definition:  Cardinality is the number of elements in a given set 
 
The number of elements in a set A is denoted by )(An  
 

{ } { } { }kjihgfedcbaUihgcbaBedcbaA ,,,,,,,,,,,,,,,,,,,,,, ===  
 

j
k

g
h
i

a
b
c

d
e

U

BA

 
1) Find )(An  
             5)( =An  
 
2) Find )(Bn  
             6)( =Bn  
 
3) Find )( BAn ∪  
              8)( =∪ BAn  
 
4) Find )( BAn ∩  
             3)( =∩ BAn  
 



Rules for the cardinality for the union of two sets 
 

)()()()( BAnBnAnBAn ∩−+=∪  
 
Use this formula to find )( BAn ∪ in problem 3. 
 

8311365)()()()( =−=−+=∩−+=∪ BAnBnAnBAn  
 
 
Example 
 
Page 436 
 
#33-36 
 
Let 

{ }
{ }
{ }
{ }
{ }
{ }OwithbeginsxandUxxO

NwithbeginsxandUxxN
MwithbeginsxandUxxM

IwithbeginsxandUxxI
AwithbeginsxandUxxA
StatesUnitedtheinstateaisxxU

∈=
∈=
∈=
∈=
∈=

=

|
|
|

|
|
|

 

 
{ }
{ }
{ }

{ }OregonaOklaOhioO
NevadaDakotaNorth

CarolinaNorthHamphereNewYorkNewMexicoNewJerseyNewNebraska
N

ttsMassachuseaMonMaineMarylandMissouriiMississippMinnesotaMichiganM
IdahoIllinoisIndianaIowaI

ArizonaAlaskaArkansasAlabamaA

,hom,
,

,,,,,,
,tan,,,,,,

,,,
,,,

=
⎭
⎬
⎫

⎩
⎨
⎧

=

=
=
=

 

0)()36
43750)43(50)()35

13)()34
42850)()33

=∩
=−=+−=′∩′

=∪
=−=′

IMnFind
OInFind
NAnFind

MnFind
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Problems 12, 14, 16 
 

{ }
{ } { }SundaySaturdayFridayBFridayThursdayWednesdayTuesdayMondayA

SundaySaturdayFridayThursdayWednesdayTuesdayMondayUsetuniversalThe
,,,,,,,

,,,,,,
==

=

 
12) BA∪  

{ }SundaySaturdayFridayThursdayWednesdayTuesdayMondayBA ,,,,,,=∪  
 
14) A′  

{ }SundaySaturdayA ,=′  
 
16) 

BA ′∩
{ } { }

{ }ThursdayWednesdayTuesdayMonday
ThursdayWednesdayTuesdayMondayFridayThursdayWednesdayTuesdayMondayBA

,,,
,,,,,,,

=
∩=′∩

 
 
 
 
Problem Set 3 
 
From the textbook  
 
Page 435 #7, 8, 9, 11, 13, 15, 27, 37-40 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Infinite sets and Cardinality 
 
One-to-one correspondence 
 
Definition: Two sets are in one-to-one correspondence if each element in the first is 
paired with exactly one element in the second set, and each element of the second set is 
paired with exactly one element form the first set 
 
Examples 
 

1) The sets { } { }dcbaand ,,,4,3,2,1 are in one-to-one correspondence as shown in this 
diagram. 

 

                              
{ }

{ }dcba ,,,

4,3,2,1
 

 
2) The sets{ }CarolinaNorthMarylandViriginia ,, and 

{ }RalieghAnnapolisRichmond ,, are in one-to-one correspondence as shown in 
this diagram. 

 

                               
{ }

{ }RalieghAnnapolisRichmond

CarolinaNorthMarylandViriginia

,,

,,
 

 
Infinite sets 
 
The natural numbers  
 

{ }..,.........6,5,4,3,2,1=N  
 
The whole numbers 
 

{ }..,.........5,4,3,2,1,0=W  
 
The integers 
 

{ }...,.........4,3,2,1,0,1,2,3,4....., −−−−=J  
 
 
 
 
 



The rational numbers 
 

⎭
⎬
⎫

⎩
⎨
⎧ ∈== Ibandawhere

b
axxQ ,|  

Other infinite sets 
 
The irrational numbers  
 
The real numbers 
 
The real numbers are the rational number and irrational combine as one set. 
 
 
History of Infinity 
 
Aristotle 
 
Aristotle distinguished between the potential infinite and the actual infinite.  Aristotle 
actually claimed that the natural numbers where potentially infinite because they have no 
greatest element, but he would not allow them to be actually infinite. 
 
Galileo 
 
Galileo noticed the fact that you could take the natural numbers and remove half of them 
and remaining set is still as large as the original set.   
 
Galileo’s Paradox  
 
If you take the natural numbers and remove the odd elements, the resulting set, the even 
numbers, is equinumerous to the natural numbers. 
 
In the 1870’s Georg Cantor discovered that it is possible to determine if two infinite sets 
are the same size or equinumerous by seeking to find a one-to-one match up between the 
elements of each set. 
 
 
 
 
 
 
 
 
 
 
 
 



Cantor’s definition of set  
 
A set is infinite if we can remove some of its elements without reducing its size.  
 
Countable sets 
 
A set is countable if you establish a one-to-one correspondence form the given set to the 
natural numbers. 
 
Examples 
 

1) Are the even natural numbers countable? 
 
{ }

{ }n

n

........,.........6,5,4,3,2,1

2....,.........12,10,8,6,4,2
 

 
The even natural can be put in a one-to-one correspondence with the natural numbers by 
using the mapping nn 2↔  
 

2) Are the integers countable? 
 

{ }...,.........4,3,2,1,0,1,2,3,4....., −−−−=J  
 
The mapping would go as follows: 
 

.
73

63
52

42
31

21
10

etc
↔−

↔
↔−

↔
↔−

↔
↔

 

 
Use this mapping 

oddisnifnn

evenisnifnn

2
1
2
−

↔

↔
 

 
Therefore, there exist a one-to-one correspondence between the integers and the natural 
numbers.  Thus, the integers are countable. 



 
 

3) Are the rational numbers countable? 
 
Look at the following diagram  
 

 
 
http://www.homeschoolmath.net/other_topics/rational-numbers-countable.php 
 
This allow the following ordering of numbers 
 

......
53

4
3
1

3
2
1

22
11

→

→

→

→
→

 

 
This shows that each element of the rational numbers can be paired with one element of 
the natural numbers.  Thus, it is possible to establish a one-to-one correspondence with 
the natural numbers.  This provides an interesting result which is that the rational 
numbers turn out to countable. 
 
 



      Problem Set 3 
 

1) Give a brief description of Galileo’s paradox 
2) Briefly discuss Cantor’s and Galileo’s contributions to set theory 
 
Determine if the following pairs of sets are equivalent. 
 
3) { } { }edcbaand ,,,,5,4,3,2,1  
 
4) { } { }fedcbaand ,,,,,8,6,4,2  
 
Determine if there is a one-to-one correspondence between the following sets. 
 
5) { } { }6,5,4,3,2,1,,,,, andfedcba  
 
6) { } { }6,5,4,3,2,111,10,9,8,7,6,5 and  
 
7) { } { }...,.........6,5,4,3,2,1,.........11,9,7,5,3,1 and  
 
Countable Sets 
 
8) What does it mean for a set to be countable? 

 
9) Explain why the even natural numbers are countable. 

 
10)  (Extra Credit) Are the rational numbers countable?  Explain Why 

 
 

 
 


