Section 8-2  Union, Intersection, and Complement of Events
Example 1
From a survey involving 1,000 students, a market research company found that 750 students owned stereos, 450 owned cars, and 350 owned both. What is the probability that a student selected at random does not own a car? Owns a car but not a stereo?

Given: n(Survey) = 1000,  n(Stereo) = 750,  n(Car) = 450,  n(Stereo ∩ Car) = 350

Venn Diagram
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P(Car’)
 = 1 – P(Car)
 = 1 – 0.450
 = 0.550

P(Car ∩ Stereo′) = 0.100

We can also use probability trees to find the probabilities. Notice that we get the same result whether we use the first column for cars or for stereos:
[image: image17.emf]


Example 2
In order to test a new car, an automobile manufacturer wants to select 4 employees to test drive the car for one year. If 12 management and 8 union employees volunteer to be test drivers and the selection is made at random, what is the probability that at least 1 union employee is selected?

The sample space is the set of all possible sets of 4 drivers taken from these 20 volunteers.
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0 Union Employees: 
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1 Union Employee: 
[image: image4.wmf]4845

1760

)

1

(

 

and

 

1760

1

2

3

10

11

12

8

)

1

(

=

=

*

*

*

*

*

=

P

n


2 Union Employees: 
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3 Union Employees: 
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4 Union Employees: 
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OR

[image: image9.wmf]898

.

0

 

4845

4350

 

4845

495

4845

4845

4845

495

-

1

P(0)

-

1

1)

P(

»

=

-

=

=

=

³


The selection of a team of four drivers can be represented using the following tree diagram where each corresponding probability is listed in parentheses. (The rational numbers in the last column could be reduced to lower terms but haven’t been.)
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Mgr (9/17)  0 12/20*11/19*10/18*9/17 = 11880/116280

Mgr (10/18)

Union (8/17) 1 12/20*11/19*10/18*8/17 = 10560/116280

Mgr (11/19)

Mgr (10/17) 1 12/20*11/19*8/18*10/17 = 10560/116280

Union (8/18)

Union (7/17) 2 12/20*11/19*8/18*7/17 = 7392/116280

Mgr (12/20)

Mgr (10/17) 1 12/20*8/19*11/18*10/17 = 10560/116280

Mgr (11/18)

Union (7/17) 2 12/20*8/19*11/18*7/17 = 7392/116280

Union (8/19)

Mgr (11/17) 2 12/20*8/19*7/18*11/17 = 7392/116280

Union (7/18)

Union (6/17) 3 12/20*8/19*7/18*6/17 = 4032/116280

Mgr (10/17) 1 8/20*12/19*11/18*10/17 = 10560/116280

Mgr (11/18)

Union (7/17) 2 8/20*12/19*11/18*7/17 = 7392/116280

Mgr (12/19)

Mgr (11/17) 2 8/20*12/19*7/18*11/17 = 7392/116280

Union (7/18)

Union (6/17) 3 8/20*12/19*7/18*6/17 = 4032/116280

Union (8/20)

Mgr (11/17) 2 8/20*7/19*12/18*11/17 = 7392/116280

Mgr (12/18)

Union (6/17) 3 8/20*7/19*12/18*6/17 = 4032/116280

Union (7/19)

Mgr (12/17) 3 8/20*7/19*6/18*12/17 = 4032/116280

Union 6/18)

Union (5/17) 4 8/20*7/19*6/18*5/17 = 1680/116280


When the first driver is selected (at random), there is a probability of 12/20 that it will be a manager and a probability of 8/20 that it will be a union member. There are only 19 potential drivers left after picking the first driver and the probabilities for the second driver being a manager or a union member depend on what the first driver was. If the first driver was a manager, then there are only 11 managers left among the 19 potential drivers and the probability that a manager will be the chosen as the second driver is 11/19. However, there are still all 8 union members left, so the probability that the second driver is a union member (given that the first driver was a manager) is 8/19.

Multiplying the probabilities along a given path yields the probability for that path. For example, the upper path represents a team of four drivers consisting of all managers. The probability for that path is P(0 Union Drivers) = 12/20*11/19*10/18*9/17 = 11880/116280. This result can be reduced to lower terms: P(0) = 495/4845 which is the same thing we got earlier using the fundamental counting principle.
As noted earlier, P(At least 1 Union Driver) = P(1) + P(2) + P(3) + P(4). These four probabilities can be calculated directly from the tree diagram as shown on the following pages.

P(Exactly 1 Union Driver)

In the illustration below, there are four paths that result in exactly one union driver. The sum of the corresponding probabilities is shown at the bottom of the probability column:
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Mgr (9/17)  0 12/20*11/19*10/18*9/17 = 11880/116280

Mgr (10/18)

Union (8/17) 1 12/20*11/19*10/18*8/17 = 10560/116280

Mgr (11/19)

Mgr (10/17) 1 12/20*11/19*8/18*10/17 = 10560/116280

Union (8/18)

Union (7/17) 2 12/20*11/19*8/18*7/17 = 7392/116280

Mgr (12/20)

Mgr (10/17) 1 12/20*8/19*11/18*10/17 = 10560/116280

Mgr (11/18)

Union (7/17) 2 12/20*8/19*11/18*7/17 = 7392/116280

Union (8/19)

Mgr (11/17) 2 12/20*8/19*7/18*11/17 = 7392/116280

Union (7/18)

Union (6/17) 3 12/20*8/19*7/18*6/17 = 4032/116280

Mgr (10/17) 1 8/20*12/19*11/18*10/17 = 10560/116280

Mgr (11/18)

Union (7/17) 2 8/20*12/19*11/18*7/17 = 7392/116280

Mgr (12/19)

Mgr (11/17) 2 8/20*12/19*7/18*11/17 = 7392/116280

Union (7/18)

Union (6/17) 3 8/20*12/19*7/18*6/17 = 4032/116280

Union (8/20)

Mgr (11/17) 2 8/20*7/19*12/18*11/17 = 7392/116280

Mgr (12/18)

Union (6/17) 3 8/20*7/19*12/18*6/17 = 4032/116280

Union (7/19)

Mgr (12/17) 3 8/20*7/19*6/18*12/17 = 4032/116280

Union 6/18)

Union (5/17) 4 8/20*7/19*6/18*5/17 = 1680/116280

Sum = 42240/116280


P(Exactly 2 Union Drivers)

In the illustration below, there are six paths that result in exactly two union drivers. The sum of the corresponding probabilities is shown at the bottom of the probability column:
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Mgr (9/17)  0 12/20*11/19*10/18*9/17 = 11880/116280

Mgr (10/18)

Union (8/17) 1 12/20*11/19*10/18*8/17 = 10560/116280

Mgr (11/19)

Mgr (10/17) 1 12/20*11/19*8/18*10/17 = 10560/116280

Union (8/18)

Union (7/17) 2 12/20*11/19*8/18*7/17 = 7392/116280

Mgr (12/20)

Mgr (10/17) 1 12/20*8/19*11/18*10/17 = 10560/116280

Mgr (11/18)

Union (7/17) 2 12/20*8/19*11/18*7/17 = 7392/116280

Union (8/19)

Mgr (11/17) 2 12/20*8/19*7/18*11/17 = 7392/116280

Union (7/18)

Union (6/17) 3 12/20*8/19*7/18*6/17 = 4032/116280

Mgr (10/17) 1 8/20*12/19*11/18*10/17 = 10560/116280

Mgr (11/18)

Union (7/17) 2 8/20*12/19*11/18*7/17 = 7392/116280

Mgr (12/19)

Mgr (11/17) 2 8/20*12/19*7/18*11/17 = 7392/116280

Union (7/18)

Union (6/17) 3 8/20*12/19*7/18*6/17 = 4032/116280

Union (8/20)

Mgr (11/17) 2 8/20*7/19*12/18*11/17 = 7392/116280

Mgr (12/18)

Union (6/17) 3 8/20*7/19*12/18*6/17 = 4032/116280

Union (7/19)

Mgr (12/17) 3 8/20*7/19*6/18*12/17 = 4032/116280

Union 6/18)

Union (5/17) 4 8/20*7/19*6/18*5/17 = 1680/116280

Sum = 44352/116280


P(Exactly 3 Union Drivers)

In the illustration below, there are four paths that result in exactly three union drivers. The sum of the corresponding probabilities is shown at the bottom of the probability column:
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Mgr (9/17)  0 12/20*11/19*10/18*9/17 = 11880/116280

Mgr (10/18)

Union (8/17) 1 12/20*11/19*10/18*8/17 = 10560/116280

Mgr (11/19)

Mgr (10/17) 1 12/20*11/19*8/18*10/17 = 10560/116280

Union (8/18)

Union (7/17) 2 12/20*11/19*8/18*7/17 = 7392/116280

Mgr (12/20)

Mgr (10/17) 1 12/20*8/19*11/18*10/17 = 10560/116280

Mgr (11/18)

Union (7/17) 2 12/20*8/19*11/18*7/17 = 7392/116280

Union (8/19)

Mgr (11/17) 2 12/20*8/19*7/18*11/17 = 7392/116280

Union (7/18)

Union (6/17) 3 12/20*8/19*7/18*6/17 = 4032/116280

Mgr (10/17) 1 8/20*12/19*11/18*10/17 = 10560/116280

Mgr (11/18)

Union (7/17) 2 8/20*12/19*11/18*7/17 = 7392/116280

Mgr (12/19)

Mgr (11/17) 2 8/20*12/19*7/18*11/17 = 7392/116280

Union (7/18)

Union (6/17) 3 8/20*12/19*7/18*6/17 = 4032/116280

Union (8/20)

Mgr (11/17) 2 8/20*7/19*12/18*11/17 = 7392/116280

Mgr (12/18)

Union (6/17) 3 8/20*7/19*12/18*6/17 = 4032/116280

Union (7/19)

Mgr (12/17) 3 8/20*7/19*6/18*12/17 = 4032/116280

Union 6/18)

Union (5/17) 4 8/20*7/19*6/18*5/17 = 1680/116280

Sum = 16128/116280


P(Exactly 4 Union Drivers)

Finally, there is only one path in which all of the drivers are union members:

[image: image14.emf]Driver 1 Driver 2 Driver 3 Driver 4 Union DriversProbability

Mgr (9/17)  0 12/20*11/19*10/18*9/17 = 11880/116280

Mgr (10/18)

Union (8/17) 1 12/20*11/19*10/18*8/17 = 10560/116280

Mgr (11/19)

Mgr (10/17) 1 12/20*11/19*8/18*10/17 = 10560/116280

Union (8/18)

Union (7/17) 2 12/20*11/19*8/18*7/17 = 7392/116280

Mgr (12/20)

Mgr (10/17) 1 12/20*8/19*11/18*10/17 = 10560/116280

Mgr (11/18)

Union (7/17) 2 12/20*8/19*11/18*7/17 = 7392/116280

Union (8/19)

Mgr (11/17) 2 12/20*8/19*7/18*11/17 = 7392/116280

Union (7/18)

Union (6/17) 3 12/20*8/19*7/18*6/17 = 4032/116280

Mgr (10/17) 1 8/20*12/19*11/18*10/17 = 10560/116280

Mgr (11/18)

Union (7/17) 2 8/20*12/19*11/18*7/17 = 7392/116280

Mgr (12/19)

Mgr (11/17) 2 8/20*12/19*7/18*11/17 = 7392/116280

Union (7/18)

Union (6/17) 3 8/20*12/19*7/18*6/17 = 4032/116280

Union (8/20)

Mgr (11/17) 2 8/20*7/19*12/18*11/17 = 7392/116280

Mgr (12/18)

Union (6/17) 3 8/20*7/19*12/18*6/17 = 4032/116280

Union (7/19)

Mgr (12/17) 3 8/20*7/19*6/18*12/17 = 4032/116280

Union 6/18)

Union (5/17) 4 8/20*7/19*6/18*5/17 = 1680/116280
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