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7.2 Applications of Venn Diagrams 

Section Objectives:

· You shall be capable of drawing a Venn diagram given a problem containing set operations involving two (2) sets contained within the universal set (EXAMPLE 1) [Problems 1 – 8]

· You shall be capable of drawing a Venn diagram given a problem containing set operations involving three (3) sets contained within the universal set (EXAMPLE 2) [Problems 11 – 18]

· You shall be capable of using the union rule for sets to solve problems. (EXAMPLE 5) [Problems 19 – 21]

· You shall be capable of using the Venn Diagram to solve problems involving filling in the number of elements for each region. (EXAMPLE 5) [Problems 23 – 30]

· You shall be able to define and give examples for the following mathematical terminology: 

Definitions and Terminology

· Venn diagrams (Refer to Figures 4, 5 and 6 on pages 314, 315) 

Mathematical Notation or Symbols

	Symbol
	Section
	Meaning

	n(A)
	7.2
	Notation that tells the number of elements contained in the set A.



Concepts, Facts, Theorems

· You shall be capable of drawing a Venn diagram given a problem containing set operations involving two (2) sets contained within the universal set (EXAMPLE 1) [Problems 1 – 8]

	Procedure to draw a Venn Diagram containing Two Sets
1. Write down Figure 6 on page 315, without the shading of any region.

2. Determine the numbers for the regions associated with sets A or B, or their complements.

3. Take the intersections or unions of the numbered regions, as given in Step 2.

4. Shade in the Regions that result from Step 3 above.


· You shall be capable of drawing a Venn diagram given a problem containing set operations involving three (3) sets contained within the universal set (EXAMPLE 2) [Problems 11 – 18]

	Procedure to draw a Venn Diagram containing Two Sets
1. Write down Figure 8 on page 315, without the shading of any region.

2. Determine the numbers for the regions associated with sets A, B, or C, or their complements.

3. Take the intersections or unions of the numbered regions, as given in Step 2.  Do all of the set operations inside the parentheses first.

4. Shade in the Regions that result from Step 3 above.


· You shall be capable of using the union rule for sets to solve problems. (EXAMPLE 5) [Problems 19 – 21]

· Know the Union Rule for Sets. If sets A and B are any two sets, then the number of elements in A AND B equals the sum of the number of elements in A and B minus the number of elements in their intersection. n(A ( B) = n(A) ( n(B) ( n(A ( B).

· If sets A and B are disjoint sets (A ( B = (), then the number of elements in their intersection is zero (n(A ( B) = 0).

· Know the Union Rule for Disjoint Sets. If sets A and B are any two disjoint sets, then the number of elements in A AND B equals the sum of the number of elements in A and B minus the number of elements in their intersection. n(A ( B) = n(A) ( n(B).

· You shall be capable of using the Venn Diagram to solve problems involving filling in the number of elements for each region. (EXAMPLE 5) [Problems 23 – 30]

To solve these types of problems, use the Venn Diagram Inside-Out Rule for either two or three sets, as discussed below.
Venn Diagram Inside-Out Rule
· Work outwards from the most intersections to no intersections.
	Venn Diagram Inside-Out Rule for Two Sets
In these types of problems you are usually given the following information:

(1) The Universal Set, U
(2) The set A, a subset of the Universal Set, U
(3) The set B, a subset of the Universal Set, U
The following cardinalities:

(4) The number of elements in U, or n(U).

(5) The number of elements in A, or n(A).

(6) The number of elements in B, or n(B).

(7) The number of elements in A ( B, or n(A ( B).

Step 1. Find the number of elements in all three sets, [n(A ( B) = i].  Fill in the information in the appropriate area of the Venn Diagram.

Step 2. Find the number of elements in each separate set, [n(A) = j; n(B) = k]. Fill in the information in the appropriate area of the Venn Diagram.

Step 3. Find the number of elements in the complement of the Union of all two sets, [n(A ( B)' = l]. Fill in the information in the appropriate area of the Venn Diagram.

[Note: This is the cardinality of all elements within the Universal set, U, that are not elements within any of the sets A, or B. Thus, n(A ( B)' = n(U) ( n(A ( B)' = l]

Step 4. Answer the specific question(s) related to the completed Venn Diagram by determining the set of numbers to add up in order to answer the question(s).






	Venn Diagram Inside-Out Rule for Three Sets
In these types of problems you are usually given the following information:

(1) The Universal Set, U.

(2) The set A, a subset of the Universal Set, U.

(3) The set B, a subset of the Universal Set, U.

(4) The set C, a subset of the Universal Set, U.

The following cardinalities:

(4) The number of elements in U, or n(U).

(5) The number of elements in A, or n(A).

(6) The number of elements in B, or n(B).

(7) The number of elements in C, or n(C).

(8) The number of elements in A ( B, or n(A ( B).

(9) The number of elements in A ( C, or n(A ( C).

(10) The number of elements in B ( C, or n(B ( C).

(11) The number of elements in A ( B ( C, or n(A ( B ( C).

Step 1. Find the number of elements in all three sets, [n(A ( B ( C) = i].  Fill in the information in the appropriate area of the Venn Diagram.

Step 2. Find the number of elements in each pair of two sets, [n(A ( B) = j; n(A ( C) = k; n(B ( C) = l]. Fill in the information in the appropriate area of the Venn Diagram.

Step 3. Find the number of elements in each separate set, [n(A) = m; n(B) = k; n(C) = p]. Fill in the information in the appropriate area of the Venn Diagram.

Step 4. Find the number of elements in the complement of the Union of all three sets, [n(A ( B  ( C)' = q]. Fill in the information in the appropriate area of the Venn Diagram.

[Note: This is the cardinality of all elements within the Universal set, U, that are not elements within any of the sets A, B, or C. Thus, n(A ( B  ( C)' = n(U) ( n(A ( B  ( C)' = q]

Step 5. Answer the specific question(s) related to the completed Venn Diagram by determining the set of numbers to add up in order to answer the question(s).




Example of the Inside-Out Rule for Two Sets

Example of the Inside-Out Rule for Three Sets

(a) Page 83, #2. Statement of the problem:

At a Florida Community college, half of the 48 mathematics majors were receiving federal financial aid.  Of these:

	5
	had Pell Grants

	14
	Participated in the College Work Study Program

	4
	had Stafford Loans

	2
	had Stafford Loans and participated in Work Study.


Those with Pell Grants had no other federal aid.

How many of these math majors had:

(a) no federal aid?

(b) more than one of these three forms of aid?

(c) federal aid other than these three forms?

(d) a Stafford Loan or Work Study?

Givens: 

(1) There are 48 mathematics majors were receiving federal financial aid at a Florida Community college.

(2) 5 of these 48 mathematics majors had Pell Grants

(3) 14 of these 48 mathematics majors participated in the College Work Study Program

(4) 4 of these 48 mathematics majors had Stafford Loans

(5) 2 of these 48 mathematics majors had Stafford Loans and participated in Work Study

(6) Those with Pell Grants had no other federal aid.

Let the Universal set, 

U = all mathematics majors that were receiving federal financial aid at a Florida Community college

P = all mathematics majors that were receiving financial aid through Pell Grants

S = all mathematics majors that were receiving financial aid through Stafford Loans

W = all mathematics majors that were participating in the College Work Study Program

Find:

How many of these math majors had:

(a) no federal aid?

(b) more than one of these three forms of aid?

(c) federal aid other than these three forms?

(d) a Stafford Loan or Work Study?

Solution:

Strategy: Use the Inside-Out Rule for Three Sets
Then fact (1) above states that n(U) = 48.

Then fact (2) above states that n(P) = 5.

Then fact (3) above states that n(W) = 14.

Then fact (4) above states that n(S) = 4.

Then fact (5) above states that n(S ( W) = 2.

Then fact (6) above states that the intersection between P and S, and P and W is the empty set.  That is, it must be the case that P ( S = { }, and P ( W = { }.

For if there were students in both P and S, that would say that a student with a Pell Grant was also on Work Study, another form of financial aid.  Similarly, if there were students in both P and W, that would say that a student with a Pell Grant was also receiving a Stafford Loan, another form of financial aid.  In either case, this would contradict the fact that "Those with Pell Grants had no other federal aid."  From this information, we can infer the following facts:

(i) n(P ( S) = 0.

(ii) n(P ( W) = 0.

