
HACKING MATHEMATICS PART 3


PART 3 MODULE 1


PART 3 MODULE 1 
STATISTICAL GRAPHS, CHARTS, TABLES, PERCENTAGES, PERCENTILE
EXAMPLE 3.1.1

The bar graph below shows the results of a survey in which a number of dogs were asked "What is your favorite food?" No dog gave multiple answers. 

[image: image82..pict]
What percent of dogs said that their favorite food was cats? 

A. 6% 

B. 17% 
C. 11% 
D. 30% 

EXAMPLE 3.1.1 SOLUTION 

First, we find the number of dogs who responded to the survey. We do this by recognizing that the numbers on the horizontal axis tell how many dogs gave each of the four responses. If we add those four numbers, we have the total number of dogs who responded: 

6 + 11 + 17 + 22 = 56 

There were 56 dogs who responded to the survey (we say that in this survey the sample size or sample population is 56, or simply that n = 56). 

Now we read the graph and see that 6 of the 56 dogs gave the response "cats." Thus, we need to find the percentage that corresponds to "6 out of 56." To do this, we divide 6 by 56, and then multiply by 100%. 


[image: image2.wmf]
= 10.7% 

The best choice is C. 

Notice that when we "multiply 0.107 by 100%" what we actually do is move the decimal point two places to the right, and append a "%" sign. 

FACT: To convert a decimal number to a percent, we move the decimal point two positions to the right, and add a percentage sign. 

EXAMPLE 3.1.2 

The graph below shows the distribution according to academic major of a group of students. None of them have double majors. 
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Approximately what percent are majoring in something other than music? 

A. 25% 
B. 12% 
C. 88% 
D. 94%

EXAMPLE 3.1.3 

The graph below shows the percentage distribution of grades on an exam. Assuming that 828 people took the test, how many received grades of A or B? 
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PERCENT INCREASE OR PERCENT DECREASE 

If a quantity increases or decreases, we can compute the percent increase or percent decrease. 

PERCENT INCREASE 

If a quantity is increasing, we compute percent increase as follows: 
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This is the same as: 
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PERCENT DECREASE 

If quantity is decreasing, we compute percent decrease as follows: 
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Which is the same as: 
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EXAMPLE 3.1.10 

In July, Gomer had 12 pet wolverines and 10 fingers. In August, he had 15 pet wolverines and 8 fingers. 

1. Find the percent increase in his wolverines. 

A. 25% 
B. 125% 
C. 30% 
D. 3% 

2. Find the percent decrease in his fingers. 

A. 80% 
B. 180% 
C. 20% 
D. 120%

EXAMPLE 3.1.11 

(The information in this example is factual, according to the Workers Rights Council.)
1. In a sweatshop in El Salvador, a seamstress is paid 74¢ for the labor required to sew one Liz Claiborne jacket (retail price: $198). If she were to be paid a "living wage," her pay would for that job would increase to $2.64. Find the percent increase in her pay if this were to happen. 

2. Referring to the information in Part 1: 

Suppose that the seamstress' pay is increased so that she receives a "living wage," and suppose that the entire cost of this is passed on to the consumer. Find the percent increase in the retail cost of the jacket. 

WORLD WIDE WEB NOTE

For practice involving percent increase and decrease, visit the companion website and try THE PERCENTS OF CHANGE.

PERCENTILE RANK 
The percentile rank of a value in a distribution tells the percent of scores that were less than the given value. 

EXAMPLE 3.1.13 

The information below refers to scores on a standardized exam. 

	Score
	Percentile

	800
	99

	700
	85

	650
	75

	600
	55

	450
	50

	350
	30

	300
	25


1. What percent of test-takers had scores that were less than 350? 

2. What percent of test-takers had scores that were greater than or equal to 600? 

3. Approximately what percent of test-takers had scores that were between 700 and 450? 

EXAMPLE 3.1.13 SOLUTIONS 

We must answer all three questions by referring to the definition of percentile rank given above. 

1. Since a score of 350 has a percentile rank of 30, the table tells us directly that 30% of the test-takers had scores less than 350. 

2. Since a score of 600 has a percentile rank of 55, the table tells us directly that 55% of the test-takers had scores less than 600; this means that the other 45% of test takers had scores greater than or equal to 600 (because 100% - 55% = 45%). 

3. Since a score of 700 has a percentile rank of 85, the table tells us directly that 85% of the test-takers had scores less than 700; likewise, the table tells us directly that 50% of the test takers had scores less than 450. Now we subtract: 85% - 50% = 35%. Roughly 35% of the test-takers had scores between 450 and 700. (This answer is approximate, because these 35% actually include the test-takers whose scores were exactly 450. The table does not provide enough information to permit us to answer this question precisely; despite that flaw, this phraseology is used on the CLAST). 

EXAMPLE 3.1.14 

The table below gives an accurate portrayal of the distribution of humans according to IQ. 

	IQ
	Percentile

	135
	99

	119
	90

	115
	84

	104
	60

	100
	50

	92
	30

	87
	20

	80
	10

	76
	4


1. What percent of humans have IQs greater than or equal to119? 

A. 90 

B. 99 

C. 9 

D. 10 

2. Approximately what percent of humans have IQs between 92 and 104? 

A. 30 

B. 50 

C. 20 

D. 10 

3. What percent of humans have IQs less than 87? 

A. 24 

B. 20 

C. 14 

D. 10 

WORLD WIDE WEB NOTE

For practice involving percentile rank, visit the companion website and try THE PERCENTILATOR.
PRACTICE EXERCISES

1 - 2:  A number of couch potatoes were asked “What is the most important thing in the universe?”  Their responses are summarized in the pie chart below.
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1.  What percent said “Playstation?”

A.  36.4%
B.  20%
C.  80%
D.  63.6%

2.  What percent didn’t say “Xbox?”

A.  12.0%
B.  88.0%
C.  21.8%
D.  78.2%

[image: image81..pict]3 - 4: Refer to the bar graph below, showing the religious affiliations of US presidents.

3.  What percent of US presidents were Unitarian?

A.  4.0%
B.  40.0%
C.  9.5%
D.  95%

4.  What percent weren’t  Presbyterian?

A.  96.0%
B.  85.7%
C.  14.7%
D.  4.0%

5.  Last year, Gog the cave man owned 44 stones and 11 sticks.  This year, Gog the cave man owns 39 stones and 42 sticks.  Find the percent decrease in stones.

A. 11.36%

B. 112.82%

C. 88.64%

D. 45.45%

6.  Last year, Dorothy owned 143 ear rings and 79 nose rings.  This year, Dorothy owns 41 ear rings and 150 nose rings.  Find the percent increase in nose rings.

A. 89.87%
B. 71.33%
C. 47.33%
D. 147.06%

7.  Last year, Dan owned 113 vinyl LP records.  This year, Dan's supply of vinyl LP records has increased by approximately 67%.  How many vinyl LP records does Dan have now? 



A. 76

B. 7571
C. 180

D. 189

8.  Last year, Socrates owned 574 Pokemon cards.  This year, Socrates's supply of Pokemon cards has decreased by approximately 32%.  How many Pokemon cards does Socrates have now?.



A. 184

B. 18368
C. 542

D. 390

	The table at right shows the percentile distribution
	IQ
	Percentile 

	of  people according to IQ.
	145
	99

	Refer to it for exercises 15 - 17.
	130
	97

	
	115
	84

	9.  What percent of people have IQs less than 85?
	101
	50

	A.  16       B.  5       C.  4       D.  21
	85
	16

	
	70
	4

	10. What percent of people have IQs of 130 or more?
	55
	1

	A.  99       B.  97       C.  196       D.  3
	
	

	
	
	

	11.  Approximately what percent of people have IQs 
	
	

	between 101 and 130?
	
	

	A.  147       B.  50      C.  47      D.  84
	
	


	The table at right shows the percentile distribution
	Weight
	Percentile

	of professional wrestlers according to weight (pounds).
	450
	98

	
	350
	85

	
	300
	50

	
	275
	40

	12.  Approximately what percent of wrestlers weigh
	250
	30

	between 300 and 450 pounds?
	235
	25

	A.  48      B.  85       C.  233       D.  35
	
	

	
	
	

	13.  What percent of wrestlers weigh less than
	
	

	275 pounds?
	
	

	A.  55        B. 60       C.  45         D.  40
	
	

	
	
	

	14.  What percent of wrestlers weigh 450 pounds or 
	
	

	more?   
	
	

	A.  98      B.  2      C.  198       D.  15
	
	


	The table at right shows the percentile distribution
	Score
	Percentile 

	of final exam scores for MGF1106 Sections 01-08,
	100
	99

	Spring 1999.  Refer to it for exercises 21 - 23.
	90
	86

	
	80
	63

	15.  What percent of students had scores less than 80?
	73
	39

	A.  78       B.  63       C.  37       D.  39
	65
	25

	
	55
	14

	16.  Approximately what percent of students
	
	

	had scores between 65 and 80?
	
	

	A.  88       B.  38       C.  39       D.  64
	
	

	
	
	

	17.  What percent of students had scores greater than 90?
	
	

	A.  99       B.  86      C.  10      D.  14
	
	


	The table at right shows the percentile distribution
	Math SAT
	Percentile

	of SAT Math scores among a sample of students
	660
	94

	enrolled in MGF1106 during Fall, 1999.
	590
	84

	
	540
	64

	
	510
	41

	18.  Approximately what percent of students had
	480
	23

	scores between 440 and 510?
	440
	7

	A.  41       B.  23        C.  7       D.  34
	
	

	
	
	

	19.  What percent of students had scores greater
	
	

	than 590?
	
	

	A.  84        B. 94       C.  16         D.  6
	
	

	
	
	

	
	
	

	
	
	


ANSWERS TO LINKED EXAMPLES

EXAMPLE 3.1.2
D

EXAMPLE 3.1.3
381 students
EXAMPLE 3.1.4
56.7 million people

EXAMPLE 3.1.5
1. True

2.  False
3.  False
4.  True

EXAMPLE 3.1.6
1.  True
2.  False
3.  False
4.  True


5.  False
6.  True

EXAMPLE 3.1.7
A
EXAMPLE 3.1.10
1.  A

2.  C

EXAMPLE 3.1.11
1.  257%,
2.  about 1%
EXAMPLE 3.1.14
1.  D

2.  A

3.  B

ANSWERS TO PRACTICE EXERCISES

1.  A

2.  D

3.  C

4.   B

5. A

6. A

7. D

8.  D

9.  A

10.  D

11.  C

12.  A



13. D

14.  B

15.  B

16.  B

17.  D

18.  D



19.  C



PART 3 MODULE 2
MEASURES OF CENTRAL TENDENCY 
EXAMPLE 3.2.1 

To paraphrase Benjamin Disraeli: "There are lies, darn lies, and DAM STATISTICS." 

Compute the mean, median and mode for the following DAM STATISTICS: 

	Name of Dam
	Height

	Oroville dam
	756 ft.

	Hoover dam
	726 ft.

	Glen Canyon dam
	710 ft.

	Don Pedro dam
	568 ft.

	Hungry Horse dam
	564 ft.

	Round Butte dam
	440 ft.

	Pine Flat Lake dam
	440 ft.


MEASURES of CENTRAL TENDENCY 

A measure of central tendency is a number that represents the typical value in a collection of numbers. Three familiar measures of central tendency are the mean, the median, and the mode. 

We will let n represent the number of data points in the distribution. Then 
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(The mean is also known as the "average" or the "arithmetic average.") 

Median = "middle" data point (or average of two middle data points) when the data points are arranged in numerical order. 

Mode = the value that occurs most often (if there is such a value). 

In EXAMPLE 3.2.1 the distribution has 7 data points, so n = 7.

MEAN = (756 + 726 + 710 + 568 + 564 + 440 + 440)/7

= 4204/7 = 600.57 (this has been rounded).

We can say that the typical dam is 600.57 feet tall.

We can also use the MEDIAN to describe the typical response. In order to find the median we must first list the data points in numerical order:
756, 726, 710, 568, 564, 440, 440

Now we choose the number in the middle of the list. 

756, 726, 710, 568, 564, 440, 440

The median is 568. 

Because the median is 568 it is also reasonable to say that on this list the typical dam is 568 feet tall. 

We can also use the MODE to describe the typical dam height. Since the number 440 occurs more often than any of the other numbers on this list, the mode is 440. 

EXAMPLE 3.2.2 

Survey question: How many semester hours are you taking this semester? 

Responses: 15, 12, 18, 12, 15, 15, 12, 18, 15, 16 

What was the typical response? 

FINDING THE "MIDDLE" OF A LIST OF NUMBERS 

In the two previous examples, we found the median by first arranging the list numerically and then crossing off data points from each end of the list until we arrived at the middle. This method of “crossing off” works well as long as there are relatively few data points to work with. In cases where we are dealing with a large collection of data, however, it is not a practical method for finding the median. 

If n represents the number of data points in a distribution, then: 

the position of the "middle value" is  
[image: image10.wmf].

If the data points have been arranged numerically, we can use this fact to efficiently find the median. 

EXAMPLE

For the following list, n = 19.   Find the median.

24, 25, 28, 31, 33, 33, 36, 42, 42, 48, 51, 57, 57, 68, 75, 79, 79, 79, 85 

SOLUTION

The numbers are already in numerical order. The position of the "middle of the list" is:

(n+1)/2 = (19+1)/2 = 20/2 =10

Thus, the tenth number will be the median. We count until we arrive at the tenth number.

24, 25, 28, 31, 33, 33, 36, 42, 42, 48, 51, 57, 57, 68, 75, 79, 79, 79, 85 

The median is 48.

EXAMPLE 3.2.3 

Compute the mean, median, and mode for this distribution of test scores: 

92, 68, 80, 68, 84 

FREQUENCY TABLES 

EXAMPLE 3.2.5 

Find the mean, median and mode for the following collection of responses to the question: "How many parking tickets have you received this semester?" 

1, 1, 0,1, 2, 2, 0, 0, 0, 3, 3,0, 3, 3, 0,2, 2, 2, 1, 1,4, 1, 1,0,3, 0, 0, 0, 1, 1, 2, 2, 2, 2,1, 1, 1, 1, 4, 4, 4,1, 1, 1, 1, 2, 2, 2, 2, 2, 2, 2, 2,1, 1, 1, 1, 1, 3,3,0, 3, 3, 1, 1, 1, 1,0, 0, 1, 1, 1, 1, 3, 3, 3, 2, 3, 3, 1, 1, 1,2, 2, 2,4, 5, 5, 4, 4, 1, 1, 1, 4,1, 1, 1,3, 3, 5,3, 3, 3, 2,3, 3, 0, 0, 0, 0, 3, 3, 3, 3, 3, 3, 0, 2, 2, 2, 2, 1, 1, 1,3, 1, 0, 0, 0,1, 1, 3,1, 1, 1, 2, 2, 2, 4, 2, 2, 2, 1, 1, 1, 1,0, 0, 2, 2, 3, 3,2, 2, 3,2, 0, 0, 1, 1,3, 3, 3, 1, 1, 1, 1, 1,2, 2, 2, 2, 1, 1, 1, 1, 0,1, 1, 1, 3,1, 1, 1, 2, 2, 2, 1, 1, 1,2, 1, 1, 1,3, 3,5, 3, 3, 1, 1, 1, 3, 3, 3, 3, 1, 1, 1,4, 1, 1, 4, 4, 4, 4, 4, 4,1, 1, 1,2, 2,5, 5, 2, 3, 3, 4, 4,3,2, 2, 2, 1,5, 1,2, 2, 1, 1, 1, 2, 2, 2, 2, 2,1, 1, 0,1, 1, 1,3, 3, 3, 3, 3 

EXAMPLE 3.2.5 SOLUTION 

It will be much easier to work with this unwieldy collection of data if we organize it first. We will arrange the data numerically. 

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 

1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1,

2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 2, 

3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 3, 

4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 4, 

5, 5, 5, 5, 5, 5, 5 

The value "0" appears 27 times. 

The value "1" appears 96 times. 

The value "2" appears 58 times. 

The value "3" appears 54 times. 

The value "4" appears 18 times. 

The value "5" appears 7 times. 

We can summarize the information above in the following frequency table: 

	Value
	Frequency

	0
	27

	1
	96

	2
	58

	3
	54

	4
	18

	5
	7


Now this table conveys everything that was significant about the distribution of data that we presented at the beginning of this example. When working with frequency tables, recall this fundamental fact:

A frequency table is a shorthand representation of list of data. 

The numbers in the "value" column indicate which numbers appear on the original list of data. The numbers in the "frequency" column tell how many times the corresponding value appears on the original list of data.

Now we find the mean, median and mode for the data in the table.

MODE

The mode, if it exists, is easiest to find. For data presented in a frequency table, the mode is the value associated with the greatest frequency (if there is a greatest frequency).

In this case, the greatest frequency is 96 and the associated value is "1," so the mode is "1." More students received 1 parking ticket than any of the other possibilities.

MEAN

To find the mean, we must have a convenient way to determine the sum of all the data points, and also a convenient way to determine n, the number of data points in the distribution. We may be tempted to merely add the six numbers in the "value" column, and divide by six, but that would be incorrect, because it would fail to take into account that facts that the distribution includes many more than just six data points, and the various values do not all occur with the same frequency.

To find n in a case like this, we find the sum of numbers in the "frequency" column. This makes sense, when we recall that the frequencies tell how many times each of the values occurs.

n = sum of frequencies = 27 + 96 + 58 + 54 + 18 + 7 = 260

The mean will be the sum of all 260 data points, divided by 260.

Finding the sum of all 260 data points is simpler than it may at first seem, when we recall what the table represents. For example, since the value 0 has a frequency of 27, when we took the sum of all of the zeroes in the distribution, that subtotal would be (0)(27) = 0. 

Likewise, the second row in the table shows use that the value 1 appears 96 times in the distribution, so when we took the sum of all of the ones, we would get a subtotal of (1)(96) = 96. 

Continuing in this vein, the next row of the table tells us that the value 2 appears in the distribution 58 times, so when we took the sum of all of the twos from the list, we would have a subtotal of (2)(58) = 116.

This indicates that in order to find the sum of all of the data points in a frequency table, we find the sum of all subtotals formed by multiplying a value times its frequency.
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Summarizing the process described above, we have the following general rule for determining the mean for data in a frequency table:

Mean = S/n 
where n, the number of data points in the distribution, is obtained by finding the sum of all of the frequencies, and S, the sum of the data points, is found by adding all of the subtotals formed by multiplying a value by its associated frequency.

MEDIAN 

To find the median, we need to recall that we are trying to find the middle number (or two middle numbers) in a list of 260 numbers. Recall from earlier that the position of the middle number is (n+1)/2. 

In this case, the position of the middle number is  261/2, or 130.5.

Since 130.5 is located between 130 and 131, the median will be the average of the 130th and 131st numbers in the ordered list (by the way, since the values are arranged numerically in the table as we read from top to bottom, this data has already been ordered). We need to count through the table until we find the 130th and 131st numbers. This is done as follows, by taking into account the cumulative frequency as the values in the various rows are "read" from the table. To make a column for cumulative frequency, we pretend that we are reading data from a list, in numerical order. If we were to do so, the first 27 numbers on the list would all be "0." This means that after all of the 0s are read from the list, we would have read a total of 27 numbers. We say that the value 0 has a cumulative frequency of 27: 

	Value
	Frequency
	Cumulative

Frequency

	0
	27
	27

	1
	96
	

	2
	58
	

	3
	54
	

	4
	18
	

	5
	7
	


Next we would read all of the 1s from the list. There are 96 of them. Thus, after we have read all the 0s and 1s from the list, we would have read a total of 27 + 96 = 123 numbers. 

We summarize this by saying that the value 1 has a cumulative frequency of 123. 

	Value
	Frequency
	Cumulative

Frequency

	0
	27
	27

	1
	96
	123

	2
	58
	

	3
	54
	

	4
	18
	

	5
	7
	


Continuing this process, after having read all of the 0s and 1s from the list, we would read all of the 2s from the list. Since the value 2 appears on the list 58 times, after we read all of the 0s, 1s and 2s from the list, we will have read a total of 27 + 96 + 58 = 181 numbers. We say that the value 2 has a cumulative frequency of 181. 

	Value
	Frequency
	Cumulative

Frequency

	0
	27
	27

	1
	96
	123

	2
	58
	181

	3
	54
	

	4
	18
	

	5
	7
	


 At this point we will stop. Remember, the reason we started making the column for cumulative frequency was so that we could locate the 130th and 131st numbers, in order to determine the median. Now we see that the 130th and 131st numbers are both 2s (the cumulative frequency column tells us, in fact, that the 124th through 181st numbers on the list are all 2s). 

The two middle numbers are both 2s, so the median is 2. 

From the previous example we generalize to form this rule for determining the median for data in a frequency table (this rule assumes that the values appear in the table in numerical order). 

Make a column for cumulative frequency as follows: 
1. The cumulative frequency of the first row is the same as the frequency of the first row. 

2. For every other row, determine cumulative frequency by adding the frequency of that row to the cumulative frequency of the previous row. 

When cumulative frequency first equals or exceeds (n+1)/2 , stop and use the value in that row for the median. ( If (n+1)/2 is exactly .5 greater than one of the cumulative frequencies, then the median will be the average of the associated values from that row and the next row). 

EXAMPLE 3.2.6 


The frequency table below represents the distribution of scores on a ten-point quiz. Compute the mean, median, and mode for this distribution. 

Quiz Scores 

	Value
	Frequency

	5
	6

	6
	8

	7
	14

	8
	22

	9
	28

	10
	36


EXAMPLE 3.2.7 


The frequency table below represents the distribution, according to age, of students in a certain class. 

	Value
	Frequency

	18
	31

	19
	48

	20
	60

	21
	50

	22
	33


1. Find the mean, median, and mode for this distribution. 

2. True or false: 18 students were 31 years old. 

EXAMPLE 3.2.8 



The relative frequency table below shows the distribution of scores on a quiz in the course Quantum Electrodynamics For Liberal Arts.  Find the mean, median and mode.

	Score
	Relative Frequency

	4
	.03

	5
	.10

	6
	.04

	7
	.12

	8
	.33

	9
	.20

	  10
	.18


EXAMPLE 3.2.9 



A number of people invested $1000 each in the Gomer Family of Mutual Funds. The frequency table below shows the current values of those investments. Compute the mean, median and mode. 

	Value
	Frequency

	0
	48

	50
	42

	75
	31

	100
	28

	150
	22


EXAMPLE 3.2.10 

A number of people invested $1000 each in the Gomer Family of Mutual Funds. The frequency table below shows the current values of those investments after Gomer hit the trifecta at the dog track, and hit the Cash 5 jackpot. Compute the mean, median and mode. 

	Value
	Frequency

	0
	48

	50
	42

	75
	31

	100
	28

	150
	22

	2,876,423
	1


EXTREME VALUES and THEIR EFFECTS ON MEAN, MEDIAN and MODE 

If we compare the previous two examples, we see that the two distributions are nearly identical, except that the distribution in EXAMPLE 3.2.10 contains one extra number (2,876,423) that is significantly greater than any of the other numbers in the distribution. (A number that is significantly greater or significantly less than most of the other numbers in a distribution is called an extreme value or outlier.) 

Notice that including this extreme value had a huge effect on the mean of the distribution (which increased from $61.55 to $16,784.58) but had no effect whatsoever on either the median or the mode. Also notice that in the distribution in EXAMPLE 2.1.10, the mean is not a good representation of the typical value in the distribution. This illustrates an important general fact: 

Of the three measures of central tendency (mean, median, mode), the mean is the measure that is most likely to be distorted by the presence of extreme values. 

EXAMPLE 3.2.11 

The annual earnings for employees of a certain restaurant are given below: 

12 laborers earn $8000 each. 

10 laborers earn $9000 each. 

4 supervisors earn $11000 each 

The owner/manager earns $240,000. 

Of the three measures of central tendency, which will be the least accurate representation of "typical earnings?" 

WORLD WIDE WEB NOTE

For more practice on the computing measures of central tendency for data in frequency tables, visit the companion website and try THE CENTRAL TENDERIZER.

PRACTICE EXERCISES

1.  Find the median of the data: 
5, 7, 4, 9, 5, 4, 4, 3

A.  5.125
B.  14

C.  4.5

D.  4

2.  Find the mean of the following data: 
12, 10,15, 10, 16, 12,10,15, 15, 13

A. 13

B.  12.5
C.  15

D.  12.8


3.  Find the mode of the following data: 
20, 14, 12, 14, 26, 16, 18, 19, 14

A.  14

B.  17

C.  26

D.  16
4.  Find the mean of the folowing data:
0, 5, 2, 4, 0, 5, 0, 3, 0, 5,
 0, 3

A.  0

B.  2.25
C.  2.5

D.  3.86

5.  Find the median of the following data: 
25, 20, 30, 30, 20, 24, 24, 30, 31

A.  20

B.  26

C.  25

D.  30

6.  Find the median of the following data: 
1, 6, 12, 19, 5, 0, 6

A.  6

B.  7

C.  19

D.  3.5

7.  Find the mean of the following data: 
20, 24, 24, 24, 22, 22, 24, 22, 23, 25

A. 23.5

B.  23

C.  24

D.  

8.  Find the mode of the following data:
5, 0, 5,
4, 12, 2, 14

A.  4

B.  5

C.  6

D..  0

9.  Find the mean of the following data:
0, 5, 30, 25, 16, 18, 19, 26, 0, 20, 28

A.  0

B.  18

C.  19

D.  17

10.  Find the median of the following data: 
9, 6, 12, 5, 17,
3, 9, 5, 10, 2, 8, 7

A.  6.5

B.  7.5

C.  6

D.  7.75 


	The table at right shows the distribution of scores on
	score
	freq

	Quiz #6 in MGF1106 for Sections 01-08, Spring 1999.
	6
	11

	Refer to the table for exercises 11 - 14.
	8
	26

	
	10
	27

	11.  Select the statement that is correct.
	12
	32

	A.  6 people had scores of 11.
	14
	31

	B.  27 people had scores of 10.
	16
	12

	C.  A and B are both correct.
	18
	15

	D.  All of these are false.
	20
	7

	
	
	

	12.  Find the median quiz score.
	
	

	A.  13.5      B.  12      C.  31.5      D.  13
	
	

	
	
	

	13.  Find the mean quiz score.
	
	

	(Answers may have been rounded.)
	
	

	A.  12      B.  12.2    C.  13     D.  13.4
	
	

	
	
	

	14.  Find the mode.
	
	

	A.  31      B.  7        C.  12      D.  7
	
	


	The table at right shows the distribution of ACT Math
	ACT Math
	freq

	scores for a sample of students enrolled in MGF1106,
	15
	1

	Fall 1999.  The data is authentic.  Refer to the table
	16
	1

	for exercises 15 - 18.
	17
	10

	
	18
	7

	15.  Select the statement that is true.
	19
	13

	
	20
	9

	A.  17 students had scores of 10.
	21
	7

	B. 42 students had scores of 13.
	22
	7

	C.  A and B are both true.
	23
	13

	D.  A, B and C are all false.
	24
	4

	
	25
	3

	16.   Find the mean ACT score (answers may be rounded).
	26
	4

	A.  21        B.  23       C.  22        D. 24
	28
	3

	
	29
	1

	17.  Find the median ACT score
	30
	1

	(answers may be rounded).
	
	

	A.  21        B.  23       C.  22        D. 24
	
	

	
	
	

	18.  Find the mode.
	
	

	A.  19       B.  23     C.  13     D.  The mode is not unique. 
	.
	

	
	
	


	
	
	

	The table at right shows the relative frequency
	Wage
	R.F.

	(R.F.) distribution of a population of retail
	$7.50
	.49

	Store employees according to hourly wage.
	8.00
	.12

	
	8.50
	.17

	19.  Find the mean wage.
	9.00
	.09

	A.   $8.75      B.  $8.16    C.  $8.42   D.  $7.92
	9.50
	.07

	
	10.00
	.06

	20.  Find the median wage.
	
	

	A.   $7.50      B.  $8.00    C.  $8.50   D.  $7.75
	
	

	
	
	

	
	
	

	
	
	


ANSWERS TO LINKED EXAMPLES

EXAMPLE 3.2.2   mode = 15, mean = 14.8,  median = 15  Any of these three results could be used to represent the “typical” number on the list.

EXAMPLE 3.2.3 
Mean = 78.4,  median = 80, mode = 68

EXAMPLE 3.2.6  
Mode = 10,  mean ( 8.46, median = 9

EXAMPLE 3.2.7 
 1. Mode = 20, mean = 20.03, median = 20

2. False

EXAMPLE 3.2.8
Mean = 7.94
median = 8  mode = 8

EXAMPLE 3.2.9
Mode = $0,  mean = $61.55,  median = $50

EXAMPLE 3.2.10 
More = $0, mean =  $16,784.58,  median = $50

EXAMPLE 3.2.11
The mean is the least accurate representation .

ANSWERS TO PRACTICE EXERCISES

1.  C

2.  D

3.  A

4.  B

5.  C

6.  A

7.  B

8.  B

9.  D

10.  B

11.  B

12.  B



13. B

14.  C

15.  D

16.  A

17.  A

18.  D



19.  B

20.  B

PART 3 MODULE 3 

CLASSICAL PROBABILITY, STATISTICAL PROBABILITY, ODDS

PROBABILITY 

Classical or theoretical definitions: 

Let S be the set of all equally likely outcomes to a random experiment. 

(S is called the sample space for the experiment.) 

Let E be some particular outcome or combination of outcomes to the experiment. 

(E is called an event.) 

The probability of E is denoted P(E). 


[image: image12.wmf]
EXAMPLE 3.3.1 

Roll one die and observe the numerical result. Then S = {1, 2, 3, 4, 5, 6}. 

Let E be the event that the die roll is a number greater than 4. 

Then E = {5, 6} 


[image: image13.wmf]
EXAMPLE 3.3.2 

Referring to the earlier example (from Unit 3 Module 3) concerning the National Requirer.  What is the probability that a randomly selected story will be about Elvis? 

EXAMPLE 3.3.2 solution

In solving that problem (EXAMBLE 3.3.14) we saw that there were 21 possible storylines.  Of those 21 possible story lines, 12 were about Elvis.  Thus, if one story line is randomly selected or generated, the probability that it is about Elvis is 12/21, or roughly .571.

EXAMPLE 3.3.3 

An office employs seven women and five men. One employee will be randomly selected to receive a free lunch with the boss. What is the probability that the selected employee will be a woman? 

EXAMPLE 3.3.4 

An office employs seven women and five men. Two employees will be randomly selected for drug screening. What is the probability that both employees will be men? 

EXAMPLE 3.3.5 

Roll one die and observe the numerical result. Then S = {1, 2, 3, 4, 5, 6}. 

Let E be the event that the die roll is a number greater than 4. 

We know that 
[image: image14.wmf]
What about the probability that E doesn't occur? 

We denote this as 
[image: image15.wmf]
Then 
[image: image16.wmf]
Note that 
[image: image17.wmf]
This relationship (the Complements Rule) will hold for any event E: 

"The probability that an event doesn't occur is 1 minus the probability that the event does occur." 

EXAMPLE 3.3.6 

Again, the experiment consists in rolling one die.

Let F be the event that the die roll is a number less than 7. 

Then F = {1, 2, 3, 4, 5, 6} 

So 
[image: image18.wmf]
 If an event is certain to occur, then its probability is 1. 

Probabilities are never greater than 1. 

EXAMPLE 3.3.7 

Let G be the event that the die roll is "Elephant." 

Then G = { } 

So 
[image: image19.wmf]
 If an event is impossible, then its probability is 0. 

Probabilities are never less than 0. 

We have the following scale: 

For any event E in any experiment,  0 ≤ P(E) ≤ 1

EXAMPLE 3.3.8 

A jar contains a penny, a nickel, a dime, a quarter, and a half-dollar. Two coins are randomly selected (without replacement) and their monetary sum is determined. 

1. What is the probability that their monetary sum will be 55¢? 

A. 1/25 
B. 1/32 
C. 1/9 

D. 1/10 

2. What is the probability that the monetary sum will be 48¢? 

A. 1/10 
B. 1/9 

C. 1/32 
D. 0 

EXAMPLE 3.3.9 

What is the probability of winning the Florida Lotto with one ticket? 

EMPIRICAL OR STATISTICAL PROBABILITY 

EXAMPLE 3.3.10 

	A carnival game requires the contestant to throw a softball at a stack of three "bottles." If the pitched softball knocks over all three bottles, the contestant wins. We want to determine the probability that a randomly selected contestant will win (event E). How can this be done? 


	[image: image20.png]




	
	


Note that the classical definition of probability does not apply in this case, because we can't break this experiment down into a set of equally likely outcomes.

For instance, one outcome of the experiment is the situation where no bottles are toppled. Another outcome is the case where 1 bottle is topples, another is the case where 2 bottles are topples, and yet another outcome is the case where all 3 bottles are toppled. However, we don't know that these outcomes are equally likely. 

In cases where it is not possible or practical to analyze a probability experiment by breaking it down into equally likely outcomes, we can estimate probabilities by referring to accumulated results of repeated trials of the experiment. Such estimated probabilities are called empirical probabilities: 

Empirical Probability 


[image: image21.wmf]
Suppose we observe the game for one weekend. Over this period of time, the game is played 582 times, with 32 winners. Based on this data, we find P(E). 


[image: image22.wmf]
The law of large numbers is a theorem in statistics that states that as the number of trials of the experiment increases, the observed empirical probability will get closer and closer to the theoretical probability.

We can also refer to population statistics to infer to probability of a characteristic distributed across a population. The statistical probability of an event E is the proportion of the population satisfying E. 

EXAMPLE 3.3.11 

For instance (this is authentic data), a recent (1999) study of bottled water, conducted by the Natural Resources Defense Council, revealed that: 

40% of bottled water samples were merely tap water. 

30% of bottled water samples were contaminated by such pollutants as arsenic and fecal bacteria. 

Let E be the event "A randomly selected sample of bottled water is actually tap water." 

Let F be the event "A randomly selected sample of bottled water is contaminated." 

Then: 

P(E) = 40% = .4 

P(F) = 30% = .3 

EXAMPLE 3.3.12 

According to a recent article from the New England Journal of Medical Stuff , 

63% of cowboys suffer from saddle sores, 

52% of cowboys suffer from bowed legs, 

and 40% suffer from both saddle sores and bowed legs. 

Let E be the event "A randomly selected cowboy has saddle sores." 

Then P(E) = .63 

Let F be the event "A randomly selected cowboy has bowed legs." 

Then P(F) = .52 

Likewise, P(cowboy has both conditions) = .4 

ODDS 

Odds are similar to probability, in that they involve a numerical method for describing the likelihoood of an event. Odds are defined differently however. 


[image: image23.wmf]
Odds are usually stated as a ratio. 

EXAMPLE 3.3.13 

Let E be the event that the result of a die roll is a number greater than 4. 

Then "the odds in favor of E" = 2/4  or "2 to 4"  or "2:4" 

PRACTICE EXERCISES 

1 - 3: Here is the grade distribution for Professor de Sade's math class: 

	Grade
	Frequency

	A
	0

	B
	2

	C
	4

	D
	28

	F
	44


If a student is randomly selected, what is the probability that he/she... 

1. ... had a grade of C? 

2. ...didn't have an F? 

3. ...had an A? 

4.  Suppose that the FSU football team plays six home games this year, including games against Georgia Tech and Miami. If Gomer's uncle randomly picks two of his six tickets to give to Gomer, what is the probability that they will be for the Georgia Tech and Miami games? 

5.  So far this basketball season, Plato has attempted 82 free throws and has made 62 of them. What is the probability that he will make a given free throw? 

6 - 8: A poll (1999) by the Colonial Williamsburg Foundation revealed the following (this data is authentic): 

79% of Americans know that "Just Do It" is a Nike slogan. 

47% know that the phrase "Life, Liberty and the Pursuit of Happiness" is found in the Declaration of Independence. 

9% know that George Washington was a Revolutionary War general. 

6.  What is the probability that an American knows that the phrase "Life, Liberty and the Pursuit of Happiness" is found in the Declaration of Independence? 

A. 47/79 
B. 47/135 
C. 47/88 
D. 47/100 

7.  What is the probability that an American knows that George Washington was a Revolutionary War general? 

A. .9 

B. .1 

C. .09 

D. .01 

8.  What is the probability that an American does not know that "Just Do It" is a Nike slogan? 

A. .79 

B. .21 

C. 7.9 

D. 2.1 

9.  What are the odds in favor of a randomly selected American knowing that "Just Do It" is a Nike slogan? 

A. 79:100 

B. 21:100 

C. 79:21 

D. 21:79 

10.  A "combination" lock has a three-number "combination" where the numbers are chosen from the set {1, 2, 3, ... , 19, 20}. 

What is the probability that the "combination" has no repeated numbers? 

A. .00015 

B. .75 

C. .15 

D. .855 

11.  Gomer is taking a 25-question multiple-choice test. He needs to get a 100% on this test in order to get a C- in the course. He knows the answers to 21 of the questions, but is clueless on the other four problems. If he just guesses at the other four problems, what is the probability that he will get a score of 100%?   (For each multiple-choice problem there are four choices.)

A. .25 

B. .0625 

C. .004 
D. .625 

ANSWERS TO LINKED EXAMPLES

EXAMPLE 3.3.3 
7/12 or .583

EXAMPLE 3.3.4
10/66 or .152

EXAMPLE 3.3.8
1.  D

2.  D

EXAMPLE 3.3.9
1/22,957,480

ANSWERS TO PRACTICE EXERCISES

1.  4/78 ( .051

2. 34/78 ( .436
3.  0

4.  1/15


5. 62/82 ( .756
6.  D


7.  C

8.  B

9.  C


10.  D


11.  C

PART 3 MODULE 4
PROBABILITIES INVOLVING NEGATIONS, DISJUNCTIONS, and CONDITIONAL PROBABILITY

The following facts follow from our discussions of counting in UNIT 3 MODULE 3 and probability in UNIT 3 MODULE 4. 

P(E or F) = P(E) + P(F) – P(E and F)
P(not E) = 1 – P(E)
(Note: these problems can frequently be analyzed with Venn diagrams as well.)

EXAMPLE 3.4.1
According to a recent article from the New England Journal of Medical Stuff , 

63% of cowboys suffer from saddle sores, 

52% of cowboys suffer from bowed legs, 

40% suffer from both saddle sores and bowed legs. 

 

What is the probability that a randomly selected cowboy...

1. ...has saddle sores or bowed legs? 

2. ...doesn't have saddle sores? 

3. ...has saddle sores but doesn't have bowed legs? 

4. ...has saddle sores and bowed legs? 

5. ...has neither of these afflictions? 

 

EXAMPLE 3.4.1 SOLUTIONS
As with counting problems, when a probability problem refers to two overlapping categories, we can organize the information with a Venn diagram.

Since the data was given in terms of percentages, we will pretend that the total population is 100. Then, each of the percentages is just a raw number.

[image: image24.wmf]
1. The number of cowboys who have saddle sores or bowed legs = 23 + 40 + 12 = 75.

So, P(saddle sores or bowed legs) = 75/100 = .75

2. From the diagram, the number of cowboys who don't have saddle sores is 

12 + 25 = 37, so

P(doesn't have saddle sores) = 37/100 = .37

We could also get this answer from the complements rule. Since 63% of the cowboys have saddle sores, P(has saddle sores) = .63.

Then, P(don't have saddle sores) = 1 - .63 = .37.

 

3. The diagram shows us that there are 23 cowboys out of 100 who have saddle sores but don't have bowed legs, so P(has saddle sores but not bowed legs) = 23/100 = .23

 

4. The diagram shows that 40 cowboys out of 100 have both conditions (this information was also stated directly at the beginning of the problem), so

P(has saddle sores and bowed legs) = 40/100 = .40

5. The diagram shows that there are 25 cowboys out of 100 who have neither affliction, so

P(has neither affliction) = 25/100 = .25

EXAMPLE 3.4.2
A survey of 50 Yugo drivers revealed the following:

30 enjoy waiting for tow trucks 

35 enjoy hitchhiking 

25 enjoy waiting for tow trucks and hitchhiking 

What is the probability that a randomly selected Yugo driver... 

 

1. ...enjoys at least one of these activities? 

A. .8 

B. .65 

C. .9 

D. 1.8 

 

2. ...doesn't enjoy hitchhiking? 

A. .35 

B. .15 

C. .3 

D. .5 

 

3. ...enjoys neither of these activities? 

 

 

 

EXAMPLE 3.4.3
The table below shows the distribution of guests on the Jerry Slinger show. 

S: screams obscenities P: punches somebody

	
	S
	S(
	Totals

	P
	14%
	8%
	22%

	P(
	52%
	26%
	78%

	Totals
	66%
	34%
	100%


1. What is the probability that a guest screams obscenities or punches somebody? 

 

2. What is the probability that a guest doesn't scream obscenities and doesn't punch anybody? 

 

 

 

MUTUALLY EXCLUSIVE EVENTS 

Events E and F are mutually exclusive if it is not possible for both E and F to occur simultaneously. 

This means that P(E and F) = 0.  

If events E, F are mutually exclusive, then P(E or F) = P(E) + P(F)
 
 
EXAMPLE 3.4.4
In a certain class, 45% of the students are freshmen (F), 30% are sophomores (So)

20% are juniors (J), 5% are seniors (Se)

What is the probability that a randomly chosen student is a junior or senior?

 

 

EXAMPLE 3.4.5
A university awards scholarships on the basis of student performance on a certain placement test. The table below indicates the distribution of scores on that test.

	Score
	Scholarship
	Percentage

	0-200
	None
	13%

	201-300
	None
	23%

	301-400
	None
	26%

	401-500
	Partial
	12%

	501-600
	Partial
	11%

	601-700
	Partial
	9%

	701-800
	Full
	6%


If one student is randomly selected, find the probability that he/she... 

1. ...received a partial scholarship. 

2. ...didn't have a score in the 201 - 300 range. 

3. ...had a score less than 501 

4. ...received some kind of scholarship

If 800 students are selected, how many would we expect... 

5. ...received no scholarship? 

6. ...had scores higher than 600? 

 

 

 

EXAMPLE 3.4.6
The pie chart below shows the distribution of animals at Gomer's Petting Zoo.

[image: image25.png]



If one animal randomly goes on a rampage, find the probability that it is...

1. ...a weasel or badger? 

2. ...not a badger or ferret? 

 

CONDITIONAL PROBABILITY

Suppose we roll one die. 

Let A be the event that the result is the number "2." 

Then we know that P(A) = 1/6

However, suppose that before I reveal the result of the die roll, I tell you that an even number has occurred (event E). 

Would you still say that P(A) = 1/6?

If we know that and even number has been rolled, then there are only three possible outcomes ([2, 4, 6}), not six, so given this special information it would be reasonable to say that the probability that we rolled a “2” is 1/3.

 This is an example of CONDITIONAL probability. 

We say that
"The probability that the die roll is '2,' given that the die roll is 'even,' is 1/3. “

Notation: 

P(A, given E) =1/3

or  

P(A|E) = 1/3
The vertical bar separating the names of the events reads “given that.”
General fact: 

For any events E, F 
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which is the same as 


[image: image27.wmf]
If we are referring to population statistics, 

 
[image: image28.wmf]
As a practical matter, conditional probability problems tend to be simpler than these formulas imply.  Usually we can solve them simply by thinking in terms of basic probability facts and taking into account the significance of the “given” condition.

EXAMPLE 3.4.7
In a box we have a bunch of puppies: 

4 brown bulldogs 

2 gray bulldogs 

5 brown poodles 

3 gray poodles 

If one puppy is selected, what is the probability that the puppy is... 

1. ...brown? 

2. ...a poodle? 

3. ...gray or a bulldog? 

4. ...brown and a bulldog? 

5. ...a bulldog, given that it is gray? 

6. ...brown, given that it is a poodle? 

SOLUTION TO EXAMPLE 3.4.7 #5 and #6

5.  We want to find the probability that a puppy is a bulldog, given that it is gray.  This means that we have already selected the puppy, and we know that it is one of the five gray puppies.  Among the five gray puppies, two of them are bulldogs, so

P(bulldog|gray) = 2/5

6.  We want to find the probability that a puppy is brown, given that it is a poodle.  This means that we have already selected the puppy and we know that it is one of the eight poodles.  Among the eight poodles, five of them are brown, so

P(brown|poodle) = 5/8

EXAMPLE 3.4.8 

A survey of Gators indicates that 7% are charming, 4% are modest, and 3% are both charming and modest. Find the probability that a Gator is modest, given that he/she is charming. 

A. .75 

B. .03 

C. .43 

D. .25 

EXAMPLE 3.4.9 

Refer to the data on scholarships in the table presented earlier (see EXAMPLE 3.6.9). 

	Score
	Scholarship
	Percentage

	0-200
	None
	13%

	201-300
	None
	23%

	301-400
	None
	26%

	401-500
	Partial
	12%

	501-600
	Partial
	11%

	601-700
	Partial
	9%

	701-800
	Full
	6%


1. What is the probability that a randomly-chosen student received a full scholarship, given that he/she received some sort of scholarship? 

2. What is the probability that a randomly chosen student received a scholarship, given that he/she had a score less than 501? 

EXAMPLE 3.4.10 

The table below shows the distribution according to cumulative GPA of juniors at Normal University.

	GPA
	% of Juniors

	0.00 – 1.99
	16%

	2.00 – 2.49
	24%

	2.50 – 2.99
	28%

	3.00 – 3.49
	22%

	3.50 – 4.00
	10%


1. Find the probability that a randomly selected junior's GPA is greater than 1.99, given that it is less than 3.50. 

A. .22 

B. .88 

C. .82 

D. .74

2. Referring to the data above, find the probability that a randomly selected junior's GPA is in the 2.50 - 3.49 range, given that it is greater than 1.99. 

EXAMPLE 3.4.11 

Recently, Gomer took his Yugo to Honest Al's Yugo Repair Shop for a brake job. 

Later, while driving home, a wheel fell off of the car. When Gomer returned to Honest Al's to complain that the wheel must have fallen off because of the brake job was done incorrectly, Honest Al produced a ream of statistics from NHTSA that showed that for this type of brake job, the probabilty that the wheel will fall off, even if the work is done incorrectly, is only about 0.008. 

Based on that data, Honest Al graciously offered to cover 1% of the cost of repairing the damage to Gomer's car. 

What question should Gomer have asked? 

C: work done correctly F: wheel fell off 

EXAMPLE 3.4.11 SOLUTION

The statistic that Honest Al cited would be useful if we were tried to predict whether Gomer’s wheel would fall off.  Since the wheel has definitely fallen off, that statistic is meaningless.  This illustrates a common and fundamental error in the use of statistics: treating events as random and uncertain even though those events have already occurred.  Gomer should have asked a question that takes into account the fact that the wheel has already fallen off, such as “Given that the wheel has fallen off, what’s the probability that the work was done incorrectly?”

If he had looked at Honest Al’s data, here’s what he would have seen:

	
	F
	F(
	Totals

	C
	1
	860
	861

	C(
	5
	650
	655

	Totals
	6
	1510
	1516


C:  work done correctly
F: wheel fell off

The data shows that the probability that the work was done incorrectly, given that the wheel has fallen of, is 5/6 or roughly .833.  Rather than paying 1% if the cost of replacing Gomer’s vehicle, it would be more reasonable for Honest Al to pay 83% of the cost.

EXAMPLE 3.4.12 

Suppose that the data below comes from the FBI Uniform Crime Statistics. 

It conveys information about the number of Americans (per 100,000 population) involved in the crimes of toad theft and toad smoking. 

Per 100,000 population:  

[image: image29.wmf]
A rare, exotic toad has been stolen from the Tallahassee Museum. Police are searching for Gomer, who is the only known toad-smoker in town. Meanwhile, Gomer's lawyers have spoken out publicly. Referring to the data shown above, they state that, since only 10 out 100,000 people are both toad-stealers and toad-smokers, it is extremely unlikely that Gomer is the guilty party, and so the police should focus their investigation elsewhere. 

What do you think about this claim? 

EXAMPLE 3.4.14 

The conventional test for tuberculosis (TB) is only about 50% accurate. Does this mean that if you test positive for TB, then the probability that you actually have TB is about .5? Suppose that the table below summarizes the results of the TB screening for a sample of 500 people. In this table, TB means "A person has tuberculosis," and P means "A person tests positive for TB." 

	
	TB
	TB(
	Totals

	P
	9
	250
	259

	P(
	1
	240
	241

	Totals
	10
	490
	500


Use this information to find the probability that a person who tests positive for TB actually has the disease. 

PRACTICE EXERCISES

Table A below shows the distribution of undergraduate students at Normal University according to the number of credit hours for which they are registered this semester.  Table B below shows the distribution of students at Normal University according to cumulative G.P.A.

                       TABLE A                                                                    TABLE B

	# of credit hours
	% of students
	
	cumulative G.P.A.
	% of students

	11 or fewer
	12%
	
	0.00 - 0.80
	14%

	12
	31%
	
	0.81 - 1.60
	16%

	13
	6%
	
	1.61 - 2.40
	38%

	14
	8%
	
	2.41 - 3.20
	17%

	15
	21%
	
	3.21 - 4.00
	15%

	16
	9%
	
	
	

	17
	2%
	
	
	

	18 or more
	11%
	
	
	


1 - 4:  Refer to the appropriate table to determine the probability that a randomly selected student:

1.
has a G.P.A. greater than 0.80.


A.  .16

B. .86

C.  .81

D.  .14

2.
is registered for 12 or 13 credit hours.


A.  .516
B.  .186
C.  .37

D.  .91

3.
is registered for more than 16 credit hours.


A.  .13

B.  .22

C.  .31

D.  .09

4.
has a G.P.A. that is not in the 0.81 - 3.20 range.


A.  .14

B.  .15

C.  ..71

D.  .29

5 - 6:  Statistics for a certain carnival game reveal that the contestants win a large teddy bear 1% of the time, win a small teddy bear 4% of the time, win a feather attached to an alligator clip 35% of the time, and lose the rest of the time.  What is the probability that a randomly selected player…

5.  …wins a teddy bear.

A.  .4

B.  .05

C. .5

D.  .005

6.   …doesn’t lose.

A.  .65

B.  .35

C.  .4

D.  .04

7.  A survey of 50 informed voters revealed the following:  


32 believe that Earth has been visited by space aliens


28 believe that Elvis is still alive


20 believe that Earth has been visited by space aliens and Elvis is still alive.

According to this data, what is the probability that a randomly selected informed voter believes that Earth has been visited by space aliens or Elvis is still alive?

A.  .40

B.  .60

C.  .80

D. 1.20

8.    Referring to the data in #7 above, what is the probability that a randomly selected voter doesn’t believe that Earth has been visited by space aliens and doesn’t believe that Elvis is still alive?

A.  .20

B.  .1584
C.  .40

D.  .80

9.  A group of Harley-Davidson enthusiasts were recently asked “How many tattoos do you have?”  The responses are summarized in the following table:

	# of tattoos
	% of respondents

	0
	2%

	1
	4%

	2
	3%

	3
	5%

	4 or more
	86%


What is the probability that a randomly chosen respondent has at least one tattoo?

A.  .02

B.  .04

C.  .80

D.  .98



10.  Referring to the data in the table for #9, what is the probability that a respondent has 2 or 3 tattoos?

A.  .8

B.  .08

C.  .15

D.  .0015

11 :  The table below shows the distribution according to salary of the employees of a large corporation.

	annual salary
	% of employees

	$0 - 9,999
	4%

	10,000 - 29,999
	38%

	30,000 - 59,999
	32%

	60,000 - 99,999
	17%

	100,000 or more
	9%


11.  Find the probability that a randomly chosen employee’s salary is in the $0,000 - $9,999 range or in the $60,000 - $99,999 range.

A.  .2032
B.  .0068
C. .57

 D.  .21

12. The table below summarizes the distribution of a number a dogs. If one of these dogs is randomly selected, find the probability that it doesn't have fleas or is a bulldog.

	
	beagle
	poodle
	bulldog
	totals

	fleas
	21
	17
	9
	47

	no fleas
	9
	13
	5
	27

	totals
	30
	30
	14
	74


A. 0.49

B. 0.36

C. 0.41

D. 0.55

13. A survey of bulldogs reveals that 28% of them agree with the statement “cats are yummy.”  Among a group of 900 bulldogs how many would we expect to agree with the statement “cats are yummy?”

A. 572

B. 25

C. 648

D. 252

14. At the Wee Folks Gathering there are 45 jolly hobbits, 27 grumpy hobbits, 5 jolly leprechauns and 27 grumpy leprechauns.

If one person is randomly selected, find the probability that he/she is a leprechaun or  jolly.

A.  .77

B.  .74

C.  .048
D.  .05
15.  A survey of 50 informed voters revealed the following:  


32 believe that Earth has been visited by space aliens


28 believe that Elvis is still alive


20 believe that Earth has been visited by space aliens and Elvis is still alive.

According to this data, what is the probability that a randomly chosen voter doesn’t believe that Elvis is still alive, given that he/she believes that Earth has been visited by space aliens?

A.  .375
B.  .6

C.  .24

D.  .25

16.  A group of Harley-Davidson enthusiasts were recently asked “How many tattoos do you have?”  The responses are summarized in the following table:

	# of tattoos
	% of respondents

	0
	2%

	1
	4%

	2
	3%

	3
	5%

	4 or more
	86%


What is the probability that a randomly chosen Harley-Davidson enthusiast has more than one tattoo, given that he/she has fewer than 4 tattoos?

A.  .08

B.  .04

C.  .57

D.  .29

17. The table below shows the distribution according to salary of the employees of a large corporation.

	annual salary
	% of employees

	$0 - 9,999
	4%

	10,000 - 29,999
	38%

	30,000 - 59,999
	32%

	60,000 - 99,999
	17%

	100,000 or more
	9%


Find the probability that a randomly chosen employee’s salary is more than $9,999, given that it is less than $60,000.

A.  1.297
B.  .946
C.  .543
D.  .70


18.   In a basket, there are 10 ripe peaches, 8 unripe peaches, 12 ripe apples, and 4 unripe apples.  If one fruit is randomly chosen, find the probability that it is a peach, given that it is unripe.

A.  .50

B.  44

C.  .67

D.  .33

 

 

ANSWERS LINKED EXAMPLES 

EXAMPLE 3.4.2 
1. A (40/50 = .8) 
2. C (15/50 = .3) 
3. 10/50 = .2 

EXAMPLE 3.4.5 
1. .12 + .11 + .09 = .32 


2. 1 - .23 = .77 

3. .13 + .23 + .26 + .12 = .74 


4. .12 + .11 + .09 + .06 = .38 

5. (.62)(800) = 496 

6. (.15)(800) = 120 

EXAMPLE 3.4.6 
1. 12/22 = .545 

2. 14/22 = .636 

EXAMPLE 3.4.7 
1.  9/14
2.  8/14
3.  9/14
4.  4/14


5.  2/5

6.  5/8  

EXAMPLE 3.4.8
C

EXAMPLE 3.4.9
1.  .158
2.  .162

EXAMPLE 3.4.10
1.  C

2.  .676

EXAMPLE 3.4.12
The statistical claim doesn’t take into account the fact that Gomer 

is a toad smoker.  The data shows that the probability that a person steals toads, given that he or she smokes toads, is 10/11.

EXAMPLE 3.4.13
The statistic would be useful if we were trying to predict whether 

Nicole would be murdered.  Since she was already murdered, the statistic is meaningless.  A meaningful question would be, “Given that a woman has been murdered, what is the probability that her murderer was her abusive husband?”

EXAMPLE 3.4.14
.0347

ANSWERS TO PRACTICE EXERCISES

1.  B

2.  C

3.  A

4.  D

5.  B

6.  C



7.  C

8.  A

9.  D

10.  B

11.  D

12.  A

13.  D

14.  B

15. a

16.  c

17.  b

18.  c
PART 3 MODULE 5 
INDEPENDENT EVENTS, THE MULTIPLICATION RULES

EXAMPLE 3.5.1 

Suppose we have one six-sided die, and a spinner such as is used in a child's game. When we spin the spinner, there are four equally likely outcomes: "A," "B," "C," and "D." 

[image: image30.png]



1.  An experiment consists of rolling the die and then spinning the spinner. How many different outcomes are possible? 

2.  What is the probability that the outcome will be "3-C?" 

SOLUTIONS

1.  There are six equally likely outcomes when we roll the die.  There are four equally likely outcomes when we roll the die.  According to the Fundamental Counting Principle, if we spin the spinner and roll the die the number of outcomes is

(6)(4) = 24

2.  There are 24 equally likely outcomes to the two-part experiment.  Exactly one of them is the outcome “3-C.”  Thus, the probability that the experiment result will be “3-C” is 1/24.

Suppose we think of the experiment in EXAMPLE 3.5.1 as involving two separate, independent processes, rather than a single two-part process. 

Note that when we roll the die, the probability that we will get a “3” is 1/6.

Note also that when we spin the spinner, the probability that we will get a “C” is 1/4.

Finally, note that 
[image: image31.wmf]
That is, the probability that we receive both a “3” on the die and a “C” on the spinner is the same as the probability of getting a “3” on the die multiplied by the probability of getting a “C” on the spinner.
This illustrates an important property of probability:

THE MULTIPLICATION RULE FOR INDEPENDENT EVENTS 

If E and F are independent events, then 
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EXAMPLE 3.5.2 

Recall this (authentic) data from the Natural Resources Defense Council: 

40% of bottled water samples are merely tap water. 

30% of bottled water samples are contaminated by such pollutants as arsenic and fecal bacteria. If two samples are independently selected, what is the probability that both samples are contaminated by pollutants? 

EXAMPLE 3.5.2 SOLUTION

Let E be the event that the first sample is contaminated.  Then P(E) = .3.

Let E be the event that the second sample is contaminated.  Then P(F) = .3.

We are asked to find P(E and F).
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EXAMPLE 3.5.3 

Suppose that survey of hawks reveals that 40% of them agree with the statement "Poodles are tasty." If two hawks are independently selected, what is the probability that neither of them agree that "Poodles are tasty?" 

A. .8 

B. .6 

C. .36 

D. .64 

INDEPENDENT EVENTS, DEPENDENT EVENTS 

Two events A and B are said to be independent if they do not influence one another. More formally, this means that the occurrence of one event has no effect upon the probability of the other event. 

EXAMPLE 3.5.5 

At the entrance to a casino, there are two slot machines. Machine A is programmed so that in the long run it will produce a winner in 10% of the plays. Machine B is programmed so that in the long run it will produce a winner in 15% of the plays. 

1. If we play each machine once, what is the probability that we will win on both plays? 

2. If we play each machine once, what is the probability that we will lose on both plays? 

3. If we play each machine once, what is the probability that we will win on at least one play? 

EXAMPLE 3.5.5 SOLUTION

1.  Let A be the event that we win when we play Machine A.  Then P(A) = .10.

Let B be the event that we win when we play Machine B.  Then P(B) = .15.

We are trying to find P(A and B).
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2.  In this case we are trying to find 
[image: image35.wmf].

Since P(A) = .1, 
[image: image36.wmf]  (The complements rule).

Likewise, since P(B) = .15, 
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Thus, 
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3.  In this case we are trying to find P(A or B).  We cannot solve this directly by using the multiplication rule for independent events, but there are two different ways to get the correct answer indirectly.

First, recall from logic that the condition “A or B” is the opposite (in logic we called it “negation,” in probability we call it “complement”) of the condition “not A and not B.”  That means that we can use the answer to problem #2 above to get the answer to this problem.  According to the complements rule,
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Alternatively, we could and use this formula from UNIT 3 MODULE 5:

P(E or F) = P(E) + P(F) – P(E and F).  This will allow us use the answer from Problem #1 above.

P(A or B) = P(A) + P(B) – P(A and B) = .10 + .15 – .015 = .235

Notice again that we have solved Problem #3 twice, using two different approaches, each of which shows that the answer is .235.

EXAMPLE 3.5.6 

According to a study in 1992 by the U.S. Department of Agriculture, 80% of commercially grown celery samples and 45% of commercially grown lettuce samples contain traces of agricultural poisons (insecticides, herbicides, fungicides). 

If Homer eats one serving (one sample) of celery and one serving of lettuce: 

1. What is the probability that both the celery and the lettuce contain traces of agricultural poisons? 

2. What is the probability that neither serving contains traces of agricultural poisons? 

3. What is the probability that at least one of the servings contains traces of agricultural poisons? 

EXAMPLE 3.5.7 

Real data (as of 1999): 

Each day, 7% of the US population eat a meal at McDonald's. 

If two people are randomly and independently selected, what is the probability that... 

1. ...both people will eat a meal at McDonald's today? 

2. ...neither person will eat a meal at McDonald's today? 

3. ...at least one of them will eat a meal at McDonald's today? 

GENERAL NOTE

In any situation in which two or more individuals are chosen from a large population of unspecified size, we will assume that the selections are independent events. 

EXAMPLE 3.5.8 

Suppose the table below shows the results of a survey of TV viewing habits: 

	Hours of viewing per week
	Percent of respondents

	5 or fewer
	4%

	5.1 – 10
	8%

	10.1 – 15
	10%

	15.1 – 20
	18%

	20.1 – 25
	22%

	25.1 – 35
	30%

	More than 35
	8%


Assume that Homer and Gomer are a couple of randomly selected, independent guys. According to the data in the table above, what is the probability that: 

1. Homer views TV for 5 or fewer hours per week, and Gomer views TV for 10.1 - 20 hours per week? 

2. Homer views TV for 35 or fewer hours per week, and so does Gomer? 

Still assuming that Homer and Gomer are a couple of randomly selected, independent guys: 

3. What is the probability that neither of them falls in the 15.1 - 20 hours per week category? 

4. What is the probability that at least one of them views TV for 15.1 - 20 hours per week? 

EXAMPLE 3.5.9 

A university awards scholarships on the basis of student performance on a certain placement test. The table below indicates the distribution of scores on that test. 

	Score
	Scholarship
	Percentage

	0-200
	None
	13%

	201-300
	None
	23%

	301-400
	None
	26%

	401-500
	Partial
	12%

	501-600
	Partial
	11%

	601-700
	Partial
	9%

	701-800
	Full
	6%


If Homer and Gomer are a couple of randomly selected, independent guys, what is the probability that neither of them received a scholarship? 

Recall the following scenario from Unit 3 Module 5:
EXAMPLE 3.4.1*
According to a recent article from the New England Journal of Medical Stuff ,

63% of cowboys suffer from saddle sores,

52% of cowboys suffer from bowed legs, 

40% suffer from both saddle sores and bowed legs. 

What is the probability that a randomly selected cowboy...

4. ...has saddle sores and bowed legs? 

Let's answer this question again, using the Multiplication Rule for Independent events.

Let E be the event "the randomly selected cowboy has saddle sores." Then P(E) = .63.

Let F be the event "the randomly selected cowboy has bowed legs." Then P(F) = .52. 

According to the multiplication rule,
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This seems very nice, until we notice that the data provided in the problem states directly that P(E and F) = .40. 

The question now becomes: What's wrong here? 

Why does the Multiplication Rule not give the correct answer? 

Does this mean that the Multiplication Rule is not reliable? Is this evidence of a rip in the very fabric of space/time, perhaps signaling the impending destruction of the universe as we know it? 

CONDITIONAL PROBABILITY 
On the Impossibility of Tuesday
A dialogue
Gomer: Do you know what day it is?

Homer: It's Tuesday.

Gomer: Are you sure?

Homer: Sure I'm sure. 

Gomer: Really? But it can't be Tuesday, can it?

Homer: Of course it's Tuesday. Yesterday was Monday, today is Tuesday.

Gomer: But that's exactly the problem.

Homer: What problem?

Gomer: The problem of Tuesday. It can't be Tuesday.

Homer: Whatever.

Gomer: Look, there are seven days in a week, right?

Homer: Last time I checked.

Gomer: So if I just woke up from a coma--

Homer: --that would be a nice change--

Gomer: --if I just woke up from a coma, and didn't know what day it was, the probablity that today is Tuesday would be one seventh, right?

Homer: Right; one out of seven.

Gomer: But in order for today to be Tuesday, yesterday must have been Monday.

Homer: It follows.

Gomer: Actually, it precedes. But the probability that yesterday was Monday is also one seventh, so the probability that yesterday was Monday AND today is Tuesday is only one seventh of one seventh...

Homer: ...The multiplication rule.

Gomer: Right, so that's only one out of 49. And it gets worse. In order for yesterday to have been Monday, the day before yesterday would have had to have been Sunday...

Homer: ...so the probability that the day before yesterday was Sunday, AND yesterday was Monday, AND today is Tuesday...

Gomer: ...is one seventh of one seventh of one seventh...

Homer: ...which is only, let's see, (mumbles, makes calculations in the air with finger, carries the one, et c) one out of 343, I guess. Dang. Maybe today isn't Tuesday, after all.

Gomer: Now, I'm especially worried, because it occured to me that in order for the day before yesterday to have been Sunday, the day before that would have had to have been Saturday, so (let's work backward here) the probability that today is Tuesday AND yesterday was Monday AND the day before yesterday was Sunday AND the day before that was Saturday...

Homer: ...is one seventh of one seventh of one seventh of one seventh, which is ...

Gomer: ...one out of 2401.

Homer: Hey, you're pretty quick with that.

Gomer: Well, I've been researching the matter. In fact, I found out that if you take this back as far as a week and a half, it's obvious that the probability that today is Tuesday is only about one in 282 million.

Homer: A virtual impossibility!

Gomer: So, I wonder what day it is.

Homer: Me too, now that you've explained the situation to me.

Gomer: One thing's for sure.

Homer: You've got that right. One thing's for sure: today isn't Tuesday.

Gomer: Exactly. 

Homer: It's a virtual impossibility.

Gomer: There is a bright side, though.

Homer: And that is?

Gomer: Well, I was supposed to have a math test on Tuesday, but I haven't been studying.

Homer: Clearly, you've had more important fish to fry.

Gomer: Well put; I've been wrestling with this "impossibility of Tuesday" issue for quite a while. At least one thing is virtually certain: my math test can't be today.

Homer: It's virtually impossible.

Gomer: That's a relief.

Homer: Every cloud has its silver lining. I have get going, though. I have term paper due tomorrow.

Gomer: Wednesday?

Homer: Yeah. Wednesday morning, eight o'clock sharp.

Gomer: But it's virtually impossible that tomorrow will be Wednesday...

We will discuss the "impossibility of Tuesday" after we've introduced some preliminary facts.

EXAMPLE 3.5.10
An IRS auditor has a list of 12 taxpayers whose tax returns are questionable. The inspector will choose 2 of these people to be audited. Eight of the taxpayers are Floridians and 4 are Georgians. What is the probability that both people selected will be Floridians? 

EXAMPLE 3.5.10 SOLUTION

Let E be the event that the first person selected is a Floridian, and let F be the event that the second person is also a Floridian.  Note that the probability of F is affected by whether or not E occurs.

When we select the first person, the probability that he/she is Floridian is 8/12, because eight of the twelve people are Floridians.

P(E) = 8/12

Assuming that the first person selected was a Floridian, there will be eleven people left in the pool, seven of whom are Floridians.  Thus, the probability that the second person is a Floridian, given that the first person was a Floridian, is 7/11.

P(F|E) = 7/11

We are trying to find the probability of both events occurring, so we should multiply:
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The previous example suggests the following fact:

THE MULTIPLICATION RULE FOR DEPENDENT EVENTS. 

If E and F are dependent events, then 
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This rule is especially useful when we have a two-step experiment where the outcome of the first step affects the possible outcomes for the second step, such as the previous example. 

INDEPENDENT vs. DEPENDENT EVENTS
In a case where two or more items are selected from a large population of unspecified size, we will assume that the selections are INDEPENDENT. In a case where two or more items are selected from a small population of specified size, we will assume that the selections are DEPENDENT. 

EXAMPLE 3.5.11
In his pocket, Gomer has 3 red, 5 orange and 2 blue M&Ms. 

If he randomly chooses two M&Ms, what is the probability that both will be red? 

A. .6 

B. .09 

C. .067 
D. .52 

EXAMPLE 3.5.12 

The Skuzuzi Kamikaze sport/utility vehicle is manufactured at two plants, one in Japan and one in the US. Sixty percent of the vehicles are made in the US, while the others are made in Japan. Of those made in the US, 5% will be recalled due to a manufacturing defect. Of those made in Japan, 3% will be recalled. 

Find the probability that a vehicle will be... 

1. ...made in the US and not recalled. 

2. ...made in Japan and recalled. 

 EXAMPLE 3.5.13 

The state insurance commission revealed the following information about the Preferential Insurance Company's homeowners' insurance: 10% of the policy-holders have filed more than 5 claims over the past two years; 60% of these people have had their insurance canceled; 90% of the policy-holders have filed 5 or fewer claims over the past two years; 15% of these people have had their insurance canceled. 

What is the probability that a policy holder filed more than 5 claims over the past 2 years and had his/her insurance canceled? 

Once again, let's turn our attention to this scenario from Unit 3 Module 5:

EXAMPLE 3.4.1**
According to a recent article from the New England Journal of Medical Stuff ,

63% of cowboys suffer from saddle sores,

52% of cowboys suffer from bowed legs, 

40% suffer from both saddle sores and bowed legs. 

What is the probability that a randomly selected cowboy has saddle sores and bowed legs? 

We know that the answer is .40, because that information is stated directly in the problem. Earlier we saw, however, that if we try to derive this answer by using the Multiplication Rule for Independent Events, we fail because (.63)(.52) is NOT equal to .40.

Let's try again, using the correct version of the Multiplication Rule.
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We see that the multiplication rule yields the correct answer when we take into account the dependence of the two events.

EXAMPLE 3.5.14 

A local sports talk radio station offers the following contest: each Thursday during the football season, listeners are invited to call the station and make four predictions "against the spread." The caller may choose any four college or professional games he/she desires, as long as they are games for which the odds makers have issued a betting line. 

Any caller who turns out to be correct on all four predictions will win a $10 bar tab from a local sports bar. If we assume that each week 25 callers will get on the air with their predictions, what will be the expected weekly cost in bar tabs to the bar that sponsors the program? (In order to answer this question, we need to make a reasonable assumption about the significance of "beating the point spread.") 

EXAMPLE 3.5.15 

THE WORLD FAMOUS CAR AND GOATS PROBLEM 

You are a contestant on the extinct TV game show Let's Make a Deal. 

On the stage, there are three large doors. Behind one door is a new car; behind the other two doors are goats. You are asked to pick one of the doors. You win whatever prize is behind the door that you pick. 

You choose a door. Before he reveals your prize, the host opens one of the doors that you didn't pick, and shows you that there was a goat behind that door. 

There are still two unopened doors. You have chosen one of them. You now know for sure that behind one of the two doors is a car, and behind the other door is a goat. The host asks you if you want to change your choice of doors. 

Is there any mathematical reason why you should switch? 

To decide whether or not it is advantegeous to switch, answer the following questions: 

What is the probability that you will win a car by switching? 

What is the probability that you won't win a car by switching? 

These two questions are easy to answer, if you think carefully about the underlying conditions: 

How could you win (a car) by switching? 

How could you lose by switching? 

WORLD WIDE WEB NOTE

For probability practice problems visit the companion website and try THE INFINITE IMPROBABILITY DRIVER.

PRACTICE EXERCISES

Table A below shows the distribution of undergraduate students at Normal University according to the number of credit hours for which they are registered this semester.  Table B below shows the distribution of students at Normal University according to cumulative G.P.A.

                       TABLE A                                                                    TABLE B

	# of credit hours
	% of students
	
	cumulative G.P.A.
	% of students

	11 or fewer
	12%
	
	0.00 - 0.80
	14%

	12
	31%
	
	0.81 - 1.60
	16%

	13
	6%
	
	1.61 - 2.40
	38%

	14
	8%
	
	2.41 - 3.20
	17%

	15
	21%
	
	3.21 - 4.00
	15%

	16
	9%
	
	
	

	17
	2%
	
	
	

	18 or more
	11%
	
	
	


1 - 8: Refer to the appropriate table to determine the probability that a randomly selected student:

1.
has a G.P.A. less than 0.81, given that the G.P.A is less than 2.41.


A.  .259
B.  .14

C.  .095
D.  .206

2.
is enrolled for 17 credit hours, given that he/she is enrolled for more than 15 



credit hours. 


A.  .0909
B.  .0952
C.  .9090
D.  .2222

3.
has a G.P.A. greater than 3.20, given that the G.P.A is greater than  2.40.


A.  .882
B.  .048
C.  .469
D.  .144

4.
is enrolled for 12 credit hours, given that he/she is enrolled for 12 or 13 hours.

A.  .25

B.  .8378
C.  .1147
D.  .3407

5.  …is enrolled for 12 credit hours and has a G.P.A. in the 1.61 - 2.40 range 


        (assume that # credit hours enrolled and cumulative G.P.A are INDEPENDENT of     

         one another).



A.  .69

B.  .1178
C.  .8158
D.  .1209

6.  …is enrolled for 18 or more credit hours and has  a G.P.A. greater than 3.20.



A.  .7333
B.  .26

C.  .0165
D.  .24

7.  …is enrolled for 11 or fewer credit hours or has a G.P.A. in the 2.41 - 3.20 
range.



A.  .2696
B.  .29

C.  .0204
D.  .7059

8.  …is enrolled for 16 credit hours or has a G.P.A less than 1.61.


A.  .363
B.  .027
C.  .39

D.  .3448

Exercises 9 - 11 refer to this situation:  Homer has a '68 VW Bus and an '85 Yugo.  On 25% of the days of the year, Homer finds that the VW will not start.   On 30% of the days of the year, the Yugo will not start.  Whether or not a particular vehicle starts seems to be random and independent of the other vehicle.  On a given day, what is the probability…

9.  …that the VW starts and the Yugo doesn't start?

A.  .45

B. .225

C.  .55

D.  .075

10.  …that both vehicles start?

A.  .525
B.  .55

C.  .075
D.  1.35

11.  …that at least one of the vehicles doesn't start?

A.  .075
B.  .895
C.  .55

D.  .475

12 - 13:  Statistics for a certain carnival game reveal that the contestants win a large teddy bear 1% of the time, win a small teddy bear 4% of the time, win a feather attached to an alligator clip 35% of the time, and lose the rest of the time.  What is the probability that a randomly selected player…

12.  …wins a large teddy bear, given that he/she wins something?

A.  .0085
B.  .2857
C.  .029
D.  .025

13.  …wins a small teddy bear, given that/he she wins a teddy bear?

A.  .8

B.  .2

C.  .3

D.  .03

14.  Referring to the carnival game in the previous example:  If Bernie and Ernie each play once, what is the probability that Bernie loses and Ernie wins a feather, assuming that Ernie and Bernie are a couple of randomly selected, independent guys?

A. .95

B.  .5833
C.  .21

D.  .15 

15.  Like #14: what is the probability that at least one of them wins something?

A.  .8

B .  .16

C.  .64

D.  .96

16.    True fact from medical history:  If a human is bitten by a dog showing symptoms of rabies, and the human does not seek medical treatment, the probability that the human will develop symptoms of rabies (a disease that is nearly always fatal) is about 1/6.  

If two people are bitten by dogs that show symptoms of rabies, what is the probability that neither person will develop symptoms of rabies?

A.  2/6

B.  10/6
C.  1/36
D.  10/36
E.  25/36

17.  There are 8 Republicans and 6 Democrats on a congressional committee.  The Gomermatic Corporation is going to randomly select two committee members to be recipients of $100,000 campaign contributions.  Find the probability that both selectees will be Democrats.

A.  .165
B.  .813
C.  .857
D.  .536

18. The table below shows the distribution according to salary of the employees of a large corporation.

	annual salary
	% of employees

	$0 - 9,999
	4%

	10,000 - 29,999
	38%

	30,000 - 59,999
	32%

	60,000 - 99,999
	17%

	100,000 or more
	9%


If Homerina and Gomerina are a couple of randomly selected, independent persons, what is the probability that at least one of them has salary less than $30,000?

A.  .9324
B.  .76

C.  .6636
D.  .84


19.   In a basket, there are 10 ripe peaches, 8 unripe peaches, 12 ripe apples, and 4 unripe apples.  If two fruit are chosen, what is the probability that neither are peaches?

A.  .2727
B.  .2215
C. .2803
D.  .2139

ANSWERS TO LINKED EXAMPLES

EXAMPLE 3.5.3 
 C 

EXAMPLE 3.5.6
1.  .36

2.  .11

3.  .89



EXAMPLE 3.5.7
1.   .49

2.  .09

3.  .91

EXAMPLE 3.5.8
1.  .004
2.  .8464
3.  .6724
4.  .3276

EXAMPLE 3.5.9
.3844

EXAMPLE 3.5.11
.067

EXAMPLE 3.5.12 
1.  .57

2.  .012

EXAMPLE 3.5.13
.06

EXAMPLE 3.5.14
We assume that the purpose of the point spread is, on average, to 

reduce all bets to 50/50 propositions.  Thus the probability that a randomly selected person will get all four guesses correct is (.5)(.5)(.5)(.5) = 0625.  If there are 25 participants, the expected number who get a four guesses right is (.0625)(25) =1.5625. It would be reasonable to expect that there would be one or two winners per week.

EXAMPLE 3.5.15
You should switch.

ANSWERS TO PRACTICE EXERCISES

1.  D

2.  A

3.  C

4.  B

5.  B


6.  C

7.  A

8.  A

9.  b

10.  a



11.  d

12.  d

13.  a

14.  c

15.  c



16.  e

17.  a

18.  a

19.  d



PART 3 MODULE 6
GEOMETRY: UNITS OF GEOMETRIC MEASURE

 
LINEAR MEASURE
In geometry, linear measure is the measure of distance. For instance, lengths, heights, and widths of geometric figures are distances, as are the radius, diameter and circumference of a circle. The perimeter of a figure is another example of distance.

Distance is measured in linear units, such as inches, feet, yards, miles, meters, centimeters, millimeters and kilometers. There are many other units of linear measure, but those listed above are commonly used.

 

 

CONVERTING LINEAR UNITS
In the United States, any educated person should be aware of the following relationships among basic units of linear measure in the English system (inches, feet, yards, miles), and among the basic units of linear measure in the metric system (meters, centimeters, millimeters, kilometers).

 

1 foot = 12 inches 

1 yard = 3 feet 

1 yard = 36 inches 

1 mile = 5280 feet 

1 meter = 1000 millimeters 

1 meter = 100 centimeters

1 kilometer =1000 meters

EXAMPLE 3.6.1
1. How many feet are in 13 yards?

2. How many inches are in 4 yards?

3. How many meters are in 3 kilometers?

4. How many feet are in 120 inches?

5. How many meters are in 820 centimeters?

6. How many miles are in 2000 feet?

 

EXAMPLE 3.6.1 SOLUTIONS 
Notice that in the list of conversions given above, the units of measure in the left-hand column are larger than the corresponding units in the right-hand column. We convert from larger units to smaller units by multiplying (for instance, to convert from yards to inches we multiply by 36); we convert from smaller units to larger units by dividing (for instance, to convert from centimeters to meters we divide by 100).

 

1. To convert 13 yards to feet we multiply by 3. 

(13 yards)(3 feet per yard) = 39 feet

2. To convert 4 yards to inches we multiply by 36. 

(4 yards)(36 inches per yard) = 144 inches

3. To convert 3 kilometers to meters we multiply by 1000. 

(3 km)(1000 m per km)= 3000 meters

4. To convert 120 inches to feet we divide by 12.

120/12 = 10 feet

5. To convert 820 centimeters to meters we divide by 100.

820/110 = 8.2 meters

6. To convert 20000 feet to miles we divide by 5280.

20000/5280 = 3.88 miles (we have rounded to two decimal places)

 

SQUARE MEASURE and CUBIC MEASURE
Square units (such as square inches or square centimeters) are used to describe the area of a two-dimensional figure. Area is the amount of 2-dimensional space covered by an object, for instance.

 

To understand the difference between linear measure and square measure, you must realize (for example) that one square inch is the area of a square that is 1 inch wide and 1 inch high.

 

Cubic units (such as cubic meters or cubic yards) are used to describe the volume of a three-dimensional figure. Volume is the amount of 3-dimensional space occupied by a solid object, for instance, or the amount of fluid that can be contained in a hollow vessel.

To understand the difference between linear measure and cubic measure, you must realize (for example) that cubic inch is the volume of a cube that is 1 inch long, 1 inch wide and 1 inch high.

CONVERSIONS INVOLVING SQUARE MEASURE OR CUBIC MEASURE
 EXAMPLE 3.6.2
How many square inches are in 2 square yards?

 

EXAMPLE 3.6.2 SOLUTION
We might expect that to convert square yards to square inches we multiply by 36. This is not correct, however. We must understand that the meaning of "square" is both geometric and algebraic: "1 square yard" means "1 yard ( 1 yard"

 1 square yard = 1 yard ( 1 yard 

1 square yard = (36 inches)(36 inches) = 1296 square inches

2 square yards = 2(1296) = 2592 square inches

= 2592 square inches

 

EXAMPLE 3.6.3
How many cubic feet are in 10 cubic yards?

 

EXAMPLE 3.6.2 SOLUTION
We might expect that to convert cubic yards to cubic feet we multiply by 3. This is not correct, however. We must understand the meaning of "cubic," which is both geometric and algebraic: 

"1 cubic yard" means " 1 yard ( 1 yard ( 1 yard"

 1 cubic yard = (1 yard)(1 yard)(1 yard)       

1 cubic yard = (3 feet)(3 feet)(3 feet) = 27 cubic feet

10 cubic yards = 10(27) = 270 cubic feet

 

WORLD WIDE WEB NOTE

For additional practice on problems like these visit the companion website and try THE BIG UNIT-IZER.

PRACTICE EXERCISES

1.  How many square feet are in 5 square yards?    
A.  135     B.  15     C.  45
D.  9

2.  How many cubic inches are in 6 cubic yards?

A.  216

B.  10368
C.  279936

D.46656

3.  There are 100 centimeters in one meter.  How many cubic centimeters are in one cubic meter?

A.  100 
B.  1,000
C.  10,000
D. 1,000,000

4.  How many square yards are in 5184 square feet?

A. 15552
B. 1728
C. 576

D. 46656

5. How many square feet are in 9 square yards?
A. 27
B. 1
C. 3
D. 81

6. How many cubic yards are in 90 cubic feet?
A. 30
B. 3.333   C. 10     D. 270

7. How many square feet are in 120 square inches?

A. 17280
B. 1440
C. 10

D. 0.833

8. How many square feet are in 8 square yards?
A. 72
B. 216
   C. 24
   D. 64

9. How many cubic yards are in 108 cubic feet?

A. 12

B. 2916
C. 36

D. 4

10. How many square inches are in 2 square feet?

A. 6

B. 24

C. 2592
D. 288

11. How many square inches are in 42 square feet?

A. 6048
B. 0.292
C. 3.5

D. 504

12. How many square feet are in 2160 square inches?

A. 240

B. 180

C. 15

D. 25920
ANSWERS TO PRACTICE EXERCISES

1.  C

2.  C

3.  D

4.  C

5.  D

6.  B

7.  D

8.  A

9.  D

10.  D

11.  A

12.  C

PART 3 MODULE 7
PROBLEMS INVOLVING DISTANCE AND THE PYTHAGOREAN THEOREM
 THE PYTHAGOREAN THEOREM
The Pythagorean Theorem states the relationship between the lengths of the three sides of a right triangle: 

[image: image44.png]



C2 = A2 + B2, where A and B are the lengths of the two shorter sides (the legs) and C is the length of the longer side (the hypotenuse).

The CIRCUMFERENCE of a circle
The distance around a circle is called its circumference C, and is determined by the circle's radius (r) or diameter (D): 

[image: image45.wmf]
 

EXAMPLE 3.7.1
Find the missing side length for each triangle shown below.
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 EXAMPLE 3.7.1 solutions

1.  We need to find the length of the hypotenuse of  a right triangle where one leg measures 8 inches and the other leg measures 5 inches.  According to the Pythagorean Theorem, 

82 + 52 = C2
64 + 25 = C2
89 = C2

[image: image47.wmf]
2.  We need to find the length of one leg of a right triangle where the other leg measures 16 cm and the hypotenuse measures 20 cm.  According to the Pythagorean Theorem,

202 = x2 + 162
400 = x2 + 256   (We want to isolate x on one side of the equals sign.)

400 – 256 = x2
144 = x2

[image: image48.wmf]
x = 12 inches

EXAMPLE 3.7.2
The diagram below shows the rectangular pen in which Gomer confines his wolverines and badgers. In order to prevent the wolverines from dating the badgers, Gomer is going to build a fence running from one corner of the pen to the opposite corner, thus dividing the pen into two smaller pens. Assuming that construction of such a fence will cost $1.25 per foot, find the total cost of this fence.

[image: image49.png]



A. $4500 

B. $500 

C. $168 
D. $56

 

EXAMPLE 3.7.2 solution
We need to find the length of the fence (in feet) and multiply the length by the cost factor of $1.25 per foot.

We can use the Pythagorean Theorem to find the length of the fence, since the fence is the hypotenuse of a right triangle whose legs measure 40 yards and 20 yards respectively. Since we want the length in feet, rather than yards, we will convert those measurements to feet before using the Pythagorean Theorem.

(40 yards)(3 feet per yard) = 120 feet.

(20 yards)(3 feet per yard) = 60 feet.

Now let L be the length of the fence. According to the Pythagorean Theorem:

L2 = 1202 + 602
L2 = 14,400 + 3,600

L2 = 18,000


[image: image50.wmf]
The length of the fence is roughly 134 feet, and the cost is $1.25 per foot, so the total cost is ($134)($1.25) = $167.50

EXAMPLE 3.7.3

Study the race course shown below. If Gomer runs 62 laps around this course, how many miles will he have run?

[image: image51.png]125 feet
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A. 4.6 miles 
B. 9.2 miles 
C. 7.5 miles 
D. 4.4 miles
EXAMPLE 3.7.4
The diagram below shows the path the Plato takes when he goes for a philosophical stroll.  Plato starts at home, proceeds to the toga shop, then heads north to the tunic store, then returns home. On average, Plato thinks one profound thought for every 10 yards that he walks. Find the total number of profound thoughts that he will think during this walk.

[image: image52.wmf]
A. 60 

B. 10 

C. 100 

D. 258 

E. None of these

 

EXAMPLE 3.7.5
The figure below shows an aerial view of The Hurl-O-Matic, a carnival ride in which the passengers are seated in a car, attached to the end of an arm which rotates rapidly around a central hub.  Suppose that the length of the arm is 64 feet, and that, at full speed, it takes 10 seconds to for the car to complete one revolution. Find the speed of the car.
[image: image53.png]* Hurl-O-Matic ride





A. 40 miles per hour 

B. 10 miles per hour 

C. 27 miles per hour 

D. 21 miles per hour 

E. 37 miles per hour 

EXAMPLE 3.7.6
Find the distance around the racetrack shown below.

[image: image54.wmf]
A. 0.23 miles 

B. 0.48 miles 

C. 0.0067 miles 
D. 0.35 miles

 

 EXAMPLE 3.7.7
How fast (in miles per hour) does the Earth travel as it orbits the sun? (Note: the Earth's orbit is approximately circular, with a radius of 93,000,000 miles.)

EXAMPLE 3.7.8
The diagram on the left below shows the race course for the 40-K Wolverine Day Fun Run. The diagram on the right shows the course modified by the short-cut that Gomer uses. What distance does Gomer cover if he runs the race using his short-cut?

[image: image55.wmf]
A. 36 km 
B. 26 km 
C. 10 km 
D. 16 km

 

 

 
 
EXAMPLE 3.7.9
Plato and Aristotle are loitering on the street corner, when suddenly Socrates (to whom they owe money) shows up. Plato takes off skating eastward at a rate of 16 miles per hour, and Aristotle runs southward at a rate of 12 miles per hour. How far apart (direct distance) are Plato and Aristotle after 15 minutes? 

[image: image56.wmf]
WORLD WIDE WEB NOTE
For practice on problems involving distance and the Pythagorean Theorem, visit the companion website and try THE GEOMETRIZER.

PRACTICE EXERCISES

1.  Plato exercises by walking laps around a circular track that is 200 feet in diameter.  If he walks 20 laps, approximately how far will he have walked

A.  2.4 miles

B. 119 miles

C.  5.9 miles

D.  11.8 miles

2.

[image: image57.wmf]
3.  Two boats leave the dock at 12:00 noon, one of them moving northward at 6 miles per hour, and the other moving westward at 8 mph.  How far apart are the boats after 2 hours?

A.  20 miles

B.   28 miles

C.  10 miles

D.  14 miles

4. The diagram below shows one exterior wall of a house.  The wall has a door that measures 3 ft. by 7 feet, and three windows which each measure 4 ft. by 4 ft.  What is the perimeter of the door opening?

[image: image58.wmf]
A.  53 inches

B.  65 inches

C.  240 inches

D.  4.42 inches

5.  The diagram below shows Aristotle’s stroll.  He starts at his home, proceeds to the cheese shop, then to the toga store, and then returns home.  What is the total distance (in feet) of his journey?




6. The figure below shows the parcel of land on which Homer the rancher confines his hippos. The parcel will be enclosed by a fence, at a cost of $1.5 per meter. Find the total cost.
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A. $67.60

B. $214.02

C. $267.05

D. $187.50

7. Study the figure below. The distance from the Cheese Shoppe to Diogenes's home is 1575 feet, and the distance from the Toga Store to the Cheese Shoppe is 945 feet. 
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Find the distance from the Toga Store to Diogenes's home.

A. 1837 feet
B. 3780 feet
C. 1260 feet
D. 630 feet

8. Study the figure below, which illustrates a dilemma facing the Gainesville City Council. They are going to build a footbridge connecting City Hall to the Municipal Outhouse, because a number of citizens have perished while crossing Big Swamp. The distance from City Hall to the Court House is 1440 feet, and the distance from the Court House to the Municipal Outhouse is 1512 feet. 
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Find the cost of the footbridge, assuming that such a structure costs $21 per foot.

A. $43848

B. $54810

C. $61992

D. $65772

9. Plato has raised a 91-foot-high flag pole. The flag pole is supported by 5 wires, each of which is attached to the flag pole at a place that is 19 feet from the top of the pole and attached to the ground at a place that is 54 feet from the base of the pole. Find the total length of all 5 wires.

[image: image62.png]



A. 450 feet 
B. 225 feet 
C. 338 feet 
D. 90 feet 

10. Study the figure below (which is not drawn to scale). Euclid has spent the afternoon sunbathing at point X on the south bank of the river. However, directly across the river at point Y he sees his buddies drinking beer. He decides to swim across to where they are, but the swift current carries him downstream so that he arrives at point Z instead.

[image: image63.png]-
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Assuming that the distance from X to Y is 402 feet and the distance from X to Z is 670 feet, how far from his intended destination did Euclid end up? 

A. 536 feet

B. 781 feet

C. 668 feet

D. 268 feet

11. Find the distance around the racetrack shown below.
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A. 2238.3 feet 


B. 105423616.9 feet 

C. 1492.2 feet 


D. 2984.4 feet 

ANSWERS TO LINKED EXAMPLES

EXAMPLE 3.7.3
C

EXAMPLE 3.7.4
A

EXAMPLE 3.7.5
C

EXAMPLE 3.7.6  
A

EXAMPLE 3.7.7
About 66,700 miles per hour

EXAMPLE 3.7.9
5 miles
ANSWERS TO PRACTICE EXERCISES
1.   A

2.  D

3.  A

4.  C

5. B

6.  C


7.  C

8.  A

9.  A

10.  A

11. D

PART 3 MODULE 8
PROBLEMS INVOLVING AREA 

  

We will be examining a variety of “real-world” problems that can be solved by referring to familiar facts from elementary geometry.  These problems will usually require that we compute the area of one or more simple geometric figures, such as a rectangle, triangle, parallelogram, trapezoid or circle.  The formulas for computing such areas are shown below.

[image: image65.wmf]
[image: image66.wmf]
EXAMPLE 3.8.1 

The diagram below shows the rectangular pen in which Gomer confines his wolverines and badgers. As a special treat, Gomer is going to cover the badgers' area of the pen with Astroturf. Assuming that Astroturf costs $1.25 per square foot, how much with this project cost? 

A. $1500 
B. $9000 
C. $4500 
D. $3000

[image: image67.wmf]
EXAMPLE 3.8.1 solution

To solve this problem we need to find the area of the triangular region (in square feet) and multiply by the cost factor of $1.25 per square foot.

To find the area of the triangle, we use the formula A =(1/2)bh.  

For this particular triangle, b = 40 yards and h = 20 yards.

Now, in the figure shown the measurements are expressed in yards, but we want to compute the triangle's area in square feet, not square yards. This suggests that we should convert units from yards to feet before using the formula for area. To convert from yards to feet we multiply by 3:

b = 40 yards = (40)(3) feet = 120 feet

h = 40 yards = (20)(3) feet = 60 feet

Now we find the area, in square feet, of the triangular region.

Area = (1/2)bh = (1/2)(120 feet)(60 feet) = 3,600 square feet.

Finally, we multiply by the cost factor of $1.25 per square foot:

Cost = (3600 sq. ft.)($1.25 per sq. ft.) = $4500

The correct choice is C.

  

EXAMPLE 3.8.2 

The diagram below shows the plan for a new parking lot at the Southwestdale Mall. It is estimated that such construction costs $12 per square yard. What will be the total cost for the parking lot? 

[image: image68.wmf]
A. $2,073,600 


B. $691,200 

C. $6,220,800 


D. $518,400

  

 EXAMPLE 3.8.3 

The area enclosed by the racetrack below will be landscaped. Find the total cost if landscaping costs $2.00 per square yard. 

[image: image69.wmf]
A. $41,258 

B. $60,944 

C. $20,315 

D. $123,774

 
  

  

  

EXAMPLE 3.8.4 

The diagram below shows a circular pizza whose diameter is 8 inches, situated in a square box whose side length is 10 inches. How much of the box is "empty?" 

[image: image70.wmf]
EXAMPLE 3.8.4 solution

The area of the "empty" part of the box is the area of the shaded region of the figure shown above. Since the shaded region corresponds to the region that remains after a circle has been removed from a square, we make this observation about area:

Area of shaded region = area of square – area of circle.

The area of the square is computed as follows:

Area of rectangle = LW = (10 in.)(10 in.) = 100 sq. in.

To compute the area of the circle, we first observe that since the diameter of the circle is 8 inches, its radius is 4 inches. Now we use the formula for the area of a circle: A = πr2
Area of circle = π(42) = π(16) ( 50.24 sq. in.

Now we subtract:

Area of shaded region = 100 - 50.24 = 49.76 sq. in.

Comparing the area of the "empty part" of the box (49.76 sq. in.) with the area of the entire box (100 sq. in.), we see that when a 10 inch by 10 inch square box is used to contain an 8-inch-diameter circular pizza, the box is approximately half empty.
  

EXAMPLE 3.8.5 

The diagram below shows one exterior wall of a house. The wall has a door opening that measures 3 feet by 7 feet, and two window openings that each measure 6 feet by 4 feet. The wall, but not the openings, will be covered with siding material that costs $1.50 per square foot. Find the total cost of the siding material. 

[image: image71.wmf]
A. $400.50 

B. $292.50 

C. $499.50 
D. $333.00

  

 

  

  

  

  

  

  

  

EXAMPLE 3.8.6 

Which is larger: a square cake pan that measures 8 inches on each side, or a circular cake pan with a diameter of 9 inches? 

  

  

  

  

  

  

 EXAMPLE 3.8.7 

A real-life encounter with GEOMETRY. 

  

An acre is about 40,000 square feet, so you can imagine an acre to be a square area measuring 200 feet on each side. Several years ago, I was interested in hiring a bulldozer operator to clear a square parcel of land that measured 100 feet on each side. During a telephone discussion, one contractor offered the following: "I charge $600 per acre. An acre measures 200 by 200 feet, so a 100 by 100 foot plot would cost $300." 

  

Why did I hang up? 

 

  

  

  

  

EXAMPLE 3.8.8 

Suppose that it costs $480 to build a rectangular wooden deck that measures 6 feet by 8 feet. Assuming that the cost of such an object depends upon its size (area), how much would it cost to build a similar deck measuring 18 feet by 24 feet? 

A. $640 

B. $1440 

C. $1,920 

D. $4,320

 

 

EXAMPLE 3.8.9 

A circular pizza that is 16 inches in diameter costs $12.00. Assuming that the cost of such a pizza depends upon its size (area), what would be the cost of a pizza that is 8 inches in diameter? 

A. $3.00 

B. $4.00

C. $6.00 

D. $8.00 

 

EXAMPLE 3.8.10 

The morning after a party, Gomer finds on his living room carpet a circular purple wine stain with a diameter of 1 foot. Homer's Carpet Service charges him $30 to remove the stain. Assuming that the cost of removing such a stain depends upon its size, how much would it cost to remove a stain that 18 inches in diameter? 

A. $45.00 

B. $67.50 

C. $54.00 

D. $90.00

  

EXAMPLE 3.8.11 

Suppose that it takes 12 hours to decontaminate a circular chemical spill that has a radius of 6 feet. Assuming that the amount of time required to decontaminate such a spill depends upon its size (area), how many hours would it take to decontaminate a similar spill with a radius of 3 feet? 

A. 4.5 hours 

B. 6 hours 

C. 1.5 hours 

D. 3 hours 

  

EXAMPLE 3.8.11 solution
One method for solving this type of problem is to use a proportion.  

To use a proportion, we rely on the following observation:

The number of hours required to decontaminate the smaller spill, in proportion to the area of the smaller spill, should be equal to the number of hours required to decontaminate the larger spill in proportion to its area.


[image: image72.wmf]
  

We solve this proportion for x by using a variation of “cross multiplication.”

 
[image: image73.wmf]
  

  

  

EXAMPLE 3.8.12 

Gomer's bathroom wall measures 8 feet high and 8 feet wide. He is going to cover the wall with square tiles that measure 2 inches by 2 inches. How many tiles are required to cover the wall? 

  

WORLD WIDE WEB NOTE

For more practice problems, visit the companion website and try THE GEOMETRIZER.

PRACTICE EXERCISES

1.  A circular pizza pan whose diameter is 18 inches costs $15.  Assuming that cost depends upon the size (area) of the pan, what would be the cost of a similar pan whose diameter is 9 inches?

A.  $30
B.  $7.50

C.  $6

D.  $3.75


2.   A carpet-cleaning service estimates that it will cost $40 to remove a circular stain that is 12 inches in diameter.  Assuming that the cost of removing a stain depends upon the size (area) of the stain, what would be the cost of removing a similar stain whose diameter is 18 inches?

A.  $90
B.  $60
C.  $26.67
D.  $160



3.  Aristotle is going to use fabric to cover one of the interior walls of his olive oil warehouse.  The wall is 60 feet long and 12 feet tall.  The fabric is measured in square yards.  How many square yards of fabric will be required to cover the wall.

A.  24

B.  9

C.  72

D.  80
  

4.  Euclid has a contract to trim weeds around the grave markers at the local cemetery.  He estimates that for this kind of work, it will take two hours to complete the work on one acre.  The cemetery is rectangular, measuring 220 feet by 880 feet.  Approximately how long will it take for Euclid to complete the job?  (Assume that one acre is roughly equal to 40,000 square feet.)

A.  12.5 hours

B. 9 hours
C.   4.5 hours

D.  2.25 hours

5. What is the area of a circular region whose radius is 8 inches?

A.  64π inches

B.  64π sq. inches
C.  64π cu. inches
D.  none of these

6.  The diagram below shows the floor plan for a house.  If the cost of construction is $80 per square foot, how much will this house cost?

[image: image74.wmf]
7.  Suppose that it takes three quarts of paint to cover a rectangular floor that is 12 feet wide and 16 feet long.  Assuming that the amount of paint required depends upon the size (area) of the floor, how much paint would be required to cover a floor that is 24 feet wide and 32 feet long?

A.  8 quarts

B.  6 quarts
C.  12 quarts

D.  4 quarts


8.   Suppose that cleaning up an oil slick from the surface of a lake costs $200,000 if the oil slick is circular in shape with a radius of 2 miles.  Assuming that the cost of cleaning up the oil slick depends upon its size (area), what would be the cost of cleaning up a circular oil slick with a radius of 1/2 mile?

A.  $100,000

B.  $50,000

C.  $25,000

D.  $12,500

9.  The diagram below shows one exterior wall of a house.  The wall has a door that measures 3 ft. by 7 feet, and three windows which each measure 4 ft. by 4 ft.  The wall (but not the doors or windows) will be covered with siding material.  How much siding material is required?

[image: image75.wmf]
10.  Referring to the situation in the previous problem:  A special window treatment requires a fabric that costs $18.00 per sq. yd.  What will be the total cost of window treatment for the three windows shown?

A.  $96

B.  $288
C.  $2592
D.  $864

11. A rectangular section of wall measuring 14 feet by 6 feet will be covered with square tiles measuring 4 inches by 4 inches.  Approximately how many tiles are needed to cover the section of wall?

A. 1323

B. 378

C. 1008

D. 756

12. The figure below shows the plan for the a new county park. How many acres will the park occupy? (Use the estimate: 1 acre = 40,000 square feet.) 
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A. 6.53 acres


B. 391950 acres



C. 176.38 acres


D. 19.60 acres

13. The figure below shows the parcel of land on which Aristotle the rancher confines his giraffes. His rule of thumb dictates that each giraffe requires 500 square meters of space. Approximately how many giraffes can the parcel accommodate?
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A. 2

B. 4608

C. 161
D. 147
ANSWERS TO LINKED EXAMPLES

EXAMPLE 3.8.2
B

EXAMPLE 3.8.3
C

EXAMPLE 3.8.7 
He was going to charge twice as much as he should have according to his stated rate of $600 per acre.

EXAMPLE 3.8.8 
D

EXAMPLE 3.8.9 
A 

EXAMPLE 3.8.10 
B

EXAMPLE 3.8.12   2304 tiles

ANSWERS TO PRACTICE PROBLEMS

1.  D

2.  A

3.  D

4.  B

5.  B

6.  A



7.  C

8.  D

9.  C

10.  A

11.  D

12.  D

13.  D

PART 3 MODULE 9
PROBLEMS INVOLVING VOLUME
Again we will be examining a variety of “real-world” problems that can be solved by referring to familiar facts from elementary geometry.  These problems will usually require that we compute the volume of one or more simple geometric figures, such as a rectangular solid, cylinder, cone, or sphere.  The formulas for computing such volumes are shown below.
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EXAMPLE 3.9.1

The pedestal on which a statue is raised is a rectangular concrete solid measuring 9 feet long, 9 feet wide and 6 inches high. How much is the cost of the concrete in the pedestal, if concrete costs $70 per cubic yard?

A. $34,020 

B. $105 
C. $315 
D. $2835

[image: image80.wmf] 

EXAMPLE 3.9.1 solution
We need to find the volume of the pedestal, in cubic yards, and then multiply by the cost factor of $70 per cubic yard. Recall the general formula for computing the volume of a rectangular solid:
V = LWH

In this case, L = 9 feet, W = 9 feet and H = 6 inches. Since we want to compute volume in cubic yards, we should convert all three measurements to yards before using the formula for volume. To convert from feet to yards we divide by 3; to convert from inches to yards we divide by 36.

L = 9 feet = (9/3) yards = 3 yards



W = 9 feet = (9/3) yards = 3 yards

H = 6 inches = (6/36) yards = 1/6 yards

Now we compute the volume:

Volume = (3 yards)(3 yards)(1/6 yards) = 9/6 cubic yards = 1.5 cubic yards

Finally, we multiply by the cost factor:


Cost = (1.5 cu yd)($70 per cu yd) = $105

EXAMPLE 3.9.2
Gomer stores his iguana food in a can that is 8 inches tall and has a diameter of 6 inches. He stores his hamster food in a can that is 10 inches tall and has a diameter of 5 inches.

Which can is larger?

 

A. The iguana food can. 



B. The hamster food can.

C. They are the same size. 



D. There is insufficient information to answer this question.

 

 

 

EXAMPLE 3.9.3
Gomer has a super-jumbo-sized drip coffee maker. The beverage is produced as hot water filters through a cone-shaped vessel containing coffee grounds.  The cone has a height of 3 inches and diameter of one foot.  Assuming that the cone is filled with water, and the water is dripping out at a rate of 10 cu. in. per minute, how long will it take for all of the water to pass through?

 

 

 
 
 
 
 
 
EXAMPLE 3.9.4
Gomer has been working out by lifting weights. He finds that a spherical lead-alloy weight with a radius of 3 inches weighs 20 pounds. He wishes to lift 100 pounds, so he special-orders a spherical weight with a radius of 15 inches. Why is Gomer in intensive care?

 

 

 

 
 
 
 
 
 
 
 
EXAMPLE 3.9.5
The radius of the Earth is about 4000 miles. The radius of the Sun is about 400,000 miles. How many times bigger than the Earth is the Sun?

A. 10 

B. 100 

C. 1,000 
D. 1,000,000

 

 
 
 
 
 
 
 
 
 
 
 
 
EXAMPLE 3.9.6
Gomer has noticed that when a garden hose is left exposed to the summer sunshine, the water resting within the hose becomes heated. This inspires Gomer to construct a low-tech solar water heater. He reasons that if he connects a sufficient length of hose and leaves it in a sunny spot, this will provide an ample supply of hot water.

 

He estimates that the drum of his washing machine is a cylinder whose diameter is 17 inches and height is 10 inches. Based on that assumption, how many lineal feet of half-inch diameter water hose would be required in order to hold enough water to fill the drum of the washing machine?

 

 

EXAMPLE 3.9.7
Gomer delivers muffins for the Muffin-O-Matic muffin company. Each muffin is packed in its own little box. An individual muffin box has the shape of a cube, measuring 3 inches on each side. Gomer packs the individual muffin boxes into a larger box. The larger box is also in the shape of a cube, measuring 2 feet on each side. How many of the individual muffin boxes can fit into the larger box?

 A. 8 

B. 16 

C. 64 

D. 512 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXAMPLE 3.9.8
To determine the number (N) of 5-pound bags of ice required to reduce the temperature of water in a swimming pool by Dº Fahrenheit, use the formula N = 0.06125DV, where V is the volume of the pool (in cubic feet). Gomer has a circular pool with a diameter of 12 feet, filled to a depth of 3 feet. How many 5-pound bags of ice are required to reduce the pool's temperature from 85º to 80º Fahrenheit?

WORLD WIDE WEB NOTE
For more practice on problems like these, visit the companion website and try THE GEOMETRIZER.

PRACTICE EXERCISES

1.  A spherical container with a radius of 4 feet is filled with a gas that costs $12 per cubic yard.  What is the total value of the gas in the container?

A.  $3216.99

B.  $119.15

C.  $1072.33

D.  $357.45

2.  Euclid’s beer mug is shaped basically like a cylinder that is 8 inches tall with a radius of 3 inches.  Aristotle’s beer glass is shaped basically like a cone that is 18 inches tall with a diameter of 4 inches.  Which vessel holds the most beer? 

A. Euclid’s

B. Aristotle’s

C.  they have the same capacity



3.   Suppose that a rectangular aquarium that is 12 inches long, 8 inches wide and 8 inches high provides enough room to safely house 6 guppies.  Assuming that the number of guppies that can be safely housed depends upon the size of the aquarium, how many guppies can be safely housed in an aquarium that is 24 inches long, 16 inches wide and 16 inches high?

A.  8

B.  24

C.  32

D.  48

4.  Plato stores his Pokeman cards in a shoe box measuring 8 inches by 14 inches by 6 inches. Socrates stores his Magic cards in a cake box measuring 1 foot by 1 foot by 5 inches.  Whose container has the greater capacity?

A.  Plato’s

B.  Socrates’

C.  they have the same capacity



5.  A marble with a radius of 1 cm. has a mass of 10 grams.  What would be the mass of a similar marble whose radius is 2 cm?

A.  5 grams

B.  80 grams

C.  20 grams

D.  40 grams

6.  A cone-shaped container with a height of 6 inches and radius of 2 inches is filled with a substance that is worth $5 per cubic foot.  Find the total value of the substance in the container.

A.  $125.66
 B.  $376.99
C.  $0.07
D. $0.22

7.  People living in Florida sometimes find that the water in their swimming pools becomes uncomfortably warm during the summer months.  This situation can be rectified by adding ice cubes to the pool.  The following authentic formula can be used to determine the approximate number (N) of 5-pound bags of ice required to reduce the temperature of a pool by D degrees Fahrenheit if the volume of the pool is V cubic feet:   N = 0.06125DV.  Gomer’s pool is roughly rectangular in shape, with a length of 50 feet, width of 20 feet and average depth of 5 feet.  How many bags of ice will be required to reduce the temperature of the pool by 10(?

 A.  306
B.  3063
C.  9

D.  92

8.  Homer’s pool is circular with a diameter of 24 feet and height of 4 feet.  Using the formula from the previous problem, how many bags of ice are required to reduce the temperature from 85( to 70(?

A.  10,857

B.  6,650

C.  2,714

D.  1,663

9.  A cylindrical can that is four inches tall and has a radius of 1.5 inches can hold 10¢ worth of soda.  Assuming that the value of the contents is proportional to the size (volume) of the can, what would be the value of the soda contained in a can that is 8 inches tall with a radius of 3 inches?

A.  40¢

B.  90¢

C.  20¢

D.  80¢

E.  None of these

10. Concrete costs $105 per cubic yard. Plato is making a rectangular concrete garage floor measuring 33 feet long by 15 feet wide by 6 inches thick.   How much will the concrete cost?

A. $311850
B. $9.17
C. $962.50

D. $247.50

11. Aristotle stores his Kool-Aid in a cylindrical container with a diameter of 5.5 feet and a height of 8.25 feet.  If the filled container springs a leak and the Kool-Aid is escaping at a rate of 8 cubic feet per hour, how long will it take before the container is empty?

A. 98 hours


B. 15 hours



C. 24.5 hours


D. 196 hours

12. Gomer is digging a hole for a rectangular swimming pool measuring 38 feet long by 22 feet wide by 8 feet deep.  How much water will the swimming pool hold, assuming that 1 cubic foot = 7.5 gallons.

A. 50160 gallons

B. 891.73 gallons

C. 75240 gallons

D. 37620 gallons

ANSWERS TO LINKED EXAMPLES

EXAMPLE 3.9.2
A

EXAMPLE 3.9.3
11.31 minutes

EXAMPLE 3.9.4
Because he was trying to lift 2,500, but he thought he was lifting 100 pounds.

EXAMPLE 3.9.5
D

EXAMPLE 3.9.6
963 feet of hose

EXAMPLE 3.9.7
D

EXAMPLE 3.9.8
104 bags of ice

ANSWERS TO PRACTICE EXERCISES

1.  B

2.  A

3.  D

4.  B

5.  B

6.  C

7.  B

8.  D

9.  D

10.  C

11.  C

12.  A
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