Section 2.1 – Sets and Operations on Sets
The Language of Set Theory—Basic Terminology
One of the languages that can be used to explain arithmetic is set theory.

A set is a well-defined collection of objects or ideas.


What does it mean for a set to be well-defined?



A set is well-defined, if there is no ambiguity as to whether or not an object belongs to it. 


Examples:  Which of the following are sets?



1.
The collection of good students.



2.
The collection of students at MSUM with a grade point average above 3.0.



3.
The collection of young people that are residents of Minnesota.



4.
The collection of people currently in this room who are over 8 feet tall.

The null set (empty set) is a set that has no members.
An object or idea in a set is called an element (member) of the set.

Sets may be described in three ways:


1.
by name or verbal description,

2.
in roster (list) form by listing the elements separated by commas and using braces to enclose the list,

3.
by set-builder notation that uses a variable and a rule to describe the set.


Examples:



A = The collection of states that border Minnesota.



A = {North Dakota, South Dakota, Iowa, Wisconsin, Michigan}



A = {x ( U | x is a state bordering Minnesota}



B = The collection of counting numbers.



B = {1, 2, 3, 4, … }



B = {x ( U | x is a counting number}

Notation:  ( and ( are used to symbolize whether an object is in or not in a set.




Examples:





Iowa ( A,    Maine ( A,    24 ( B,   0 ( B


( or {} is used to represent the null set (empty set.)



Example:





( = The collection of people in this room who are 200 years old.

Definition. Two set are equal, if they have exactly the same elements.




Examples:





Consider the sets A = {a, b, c}, B = {b, c, a},  C = {a, a, c, b, c},  D = {1, 2, 3},





then  A = B = C ≠ D.



Note that the order of the elements does not matter and an element does not need to be listed more than once.

Definition. The set A is a subset of a set B, denoted A ( B, if every element of A is also an element of B. The set A is a proper subset of set B, denoted A ( B, if A ( B and A ( B.

Examples:



1.
Let A = {1, 3, 5} and B = {1, 2, 3, 4, 5, 6}. Then A ( B and A ( B.



2.
Let C = {a, b, c} and D = {b, c, d, e}. Then C ( D since a ( D.





C is not a subset of D since D does not contain the element a of set C.



3.
A ( A and  ( ( A.  (A set is a subset of itself, and the empty set is a subset of every set.)
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Definition. The union of two sets A and B, denoted A ( B, is the set of all the elements that are 


in either A or B or both. In set-builder notation, A ( B = {x( U | x( A or x( B}.


Examples:



1.
Let A = {a, b, c, d} and B = {b, d, e}.  Then  A ( B = {a, b, c, d, e}.



2.
Let C = {2, 6, 10, 14, …} and D = {2, 4, 6, 8, …}. Then C ( D = {2, 4, 6, 8, …} = D.  



3.
Let E = {d, a, y} and F = {n,,i, g, h, t}. Then E ( F = {d, a, y, n, i, g, h, t}.



4.
Let G = {t, a, n} and H = {n, a, t}. Then G ( H = {a, n, t}.
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Definition. The intersection of two sets A and B, denoted A (  B, is the set of all the elements that 


are in both A and B. In set-builder notation, A (  B = {x( U | x( A and x( B}. 

Examples:



1.
Let A = {a, b, c, d} and B = {b, d, e}.  Then  A ( B = {b, d}.



2.
Let C = {2, 6, 10, 14, …} and D = {2, 4, 6, 8, …}. Then C ( D = {2, 6, 10, …} = C.  



3.
Let E = {d, a, y} and F = {n,,i, g, h, t}. Then E ( F = (.



4.
Let G = {t, a, n} and H = {n, a, t}. Then G ( H = {a, n, t}.

Definition. Disjoint sets are two sets whose intersection is the null set (empty set). 


In the above example, E ( F = (; therefore, E and F are disjoint sets.
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Definition. The complement of a set, denoted 
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, is the set of all elements in the given universal 



set U that are not in A. In set- builder notation, 
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= {x( U | x( A}.

Examples:



1.
Let U = {1, 2, 3, 4, 5, 6} and A = {1, 3, 5}. Then 
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A

= {2, 4, 6}.



2.
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= (


3. 
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Definition. The set difference (relative complement) of a set B from a set A, denoted A – B, is the set 


of all elements in A that are not in B.  



In set-builder notation, A – B = {x( U | x( A and  x( B} = 
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Examples:



1.
Let A = {a, b, c, d} and B = {b, d, e}.  Then  A – B = {a,  c} and B – A = {e}


2.
Let C = {2, 6, 10, 14, …} and D = {2, 4, 6, 8, …}. Then C – D = ( and D – C  = {4, 8, 12, …}.  



3.
Let G = {t, a, n} and H = {n, a, t}. Then G – H = (.

The Language of Set Theory—Properties of Set Operations and Relations

Commutative Properties for Union and /Intersection


A ( B = B ( A  and  A (  B = B (  A

Associative Properties for Union and Intersection



A ( (B  ( C) = (A ( B) ( C  and  A ( (B  ( C) = (A ( B) ( C

Distributive Properties of Union and Intersection



A ( (B  ( C) = (A ( B) ( (A ( B)  and  A ( (B  ( C) = (A ( B) ( (A ( C)

 Attribute Block Lab
Directions:

1.
Your group needs to obtain one example of each type of block described in the table below.



Use the table below to ( (check off) the blocks you need. Where possible, also get a thick



and a thin example. Further, get at least one block that is not a square, circle, or triangle.


Put the rest of the blocks away.

	
	  Red
	Green
	 Blue
	Yellow

	Small square
	
	
	
	

	Large square
	
	
	
	

	Small circle
	
	
	
	

	Large circle
	
	
	
	

	Small triangle
	
	
	
	

	Large triangle
	
	
	
	

	Other shape
	



2.
In the Venn diagram, 





let circle A represent the "Large size" blocks;





let circle B represent the "Yellow" blocks; and





let circle C represent the "Triangle" blocks.


3.
Sort the attribute blocks into the appropriate regions on the diagram.




Ignore the attribute of thickness for this exercise, e.g., a thin, large circle goes



in the same region as a thick, large circle.

4.
When your group agrees on all the placements, call the instructor to check your work.


5.
For each description below, 




first, shade the region representing the described attribute; and




second, use your diagram and the set operations of union, intersection, complement,





 and set difference (relative complement) to write a set operation representation of the 




described attribute in the blank provided. Remember you have sets A, B, C, and U 





with which to work.

	1.   All of the attribute blocks.
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A

U

B


Set notation:                                                      .


	2.   All of the block that are yellow.
[image: image8.emf]C

A

U

B


Set notation:                                                      .



	3.  All of the blocks that are triangles and yellow.
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A

U

B


Set notation:                                                      .


	4.   All of the blocks that are large and yellow.
[image: image10.emf]C

A

U

B


Set notation:                                                      .




	5.   Every block that is not a triangle.
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A

U

B


Set notation:                                                      .


	6.   All of the blocks that are large, 
       but not yellow.
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A

U

B


Set notation:                                                      .



	7.   All of the blocks that are large or triangles.

[image: image13.emf]C

A

U

B


Set notation:                                                      .


	8.   All of the blocks that are not yellow.
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A

U

B


Set notation:                                                      .



	9.   All of the small blocks.
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A

U

B


Set notation:                                                      .


	10.  All of the small blocks that are not triangles.
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A

U

B


Set notation:                                                      .



	11.  All of the blocks that are large and triangles.
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A

U

B


Set notation:                                                      .


	12.   Every block that is blue or red or green.
[image: image18.emf]C

A

U

B


Set notation:                                                      .



	13.  The blocks that are triangles or yellow.
[image: image19.emf]C

A

U

B


Set notation:                                                      .


	14.   All of the small triangles.
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A

U

B


Set notation:                                                      .
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