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Concept Comments Examples

Real numbers Any number that can be expressed in
standard (decimal) form

Include the rational numbers and 
irrational numbers

0.6 =

2
3

, 1000, 215, - 25

p, 27, -
4
7

, 0, -10, 1.237

Order of 
operations

Using the following order of operations,
first perform all calculations within paren-
theses, square roots, and absolute value
bars and above and below fraction bars.
Then perform any remaining calculations.
1. Evaluate all exponents. Then do any

negation after evaluating exponents.
2. Do all multiplication and division

from left to right.
3. Do all addition and subtraction from

left to right.
 = -

3
2

 =

18
-12

 
2 + 42

3 - 3 # 5
=

2 + 16
3 - 15

 = -24
 = -22 - 2
 = -16 - 6 - 2

-42
- 12 , 2 - 2 = -16 - 12 , 2 - 2

Scientific notation A number in the form where
and n is an integer

Used to represent numbers that are large
or small in absolute value

1 … ƒ c ƒ 6 10
c * 10n,

1.5987 * 10-6
= 0.0000015987

5 * 109
= 5,000,000,000

-1.4521 * 10-2
= -0.014521

3.12 * 104
= 31,200

Classifying Numbers
Exercises 1–6: Classify the number as one or more of the follow-
ing: natural number, integer, rational number, or real number.

1. (Fraction of people in the United States completing at
least 4 years of high school)

2. 20,082 (Average cost in dollars of tuition and fees at a
private college in 2004)

3. 7.5 (Average number of gallons of water used each minute
while taking a shower)

4. 25.8 (Nielsen rating of the TV show Grey’s Anatomy the
week of February 12–18, 2007)

5. (Distance in feet from home plate to second base
on a baseball field)

6. (Wind chill when the temperature is and the
wind speed is 40 mph)

-30°F-71

9022

21
24

Exercises 7–10: Classify each number as one or more of the
following: natural number, integer, rational number, or irra-
tional number.

7.

8.

9.

10.

Exercises 11–16: For the measured quantity, state the set of
numbers that most appropriately describes it. Choose from
the natural numbers, integers, and rational numbers. Explain
your answer.

11. Shoe sizes 12. Populations of states

13. Gallons of gasoline 14. Speed limits

-103, 21
25, 2100, -5.7

10 , 29, -1.457, 23

213, 13, 5.1 * 10-6, -2.33, 0.7, - 24

3
1, -5

8, 27, 0.45, 0, 5.6 * 103

p, -3, 29, 29, 1.3, - 22
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15. Temperatures in a winter weather forecast in Montana

16. Numbers of compact disc sales

Order of Operations

Exercises 17–28: Evaluate by hand.

17. 18.

19. 20.

21. 22.

23. 24.

25. 26.

27. 28.

Scientific Notation

Exercises 29–40: Write the number in scientific notation.

29. 184,800 (New lung cancer cases reported in 2005)

30. 29,285,000 (People worldwide living with HIV)

31. 0.04361 (Proportion of U.S. deaths attributed to acci-
dents in 2004)

32. 0.62 (Number of miles in 1 kilometer)

33. 2450 34. 105.6

35. 0.56 36.

37. 38. 1,250,000

39. 206.8 40. 0.00007

Exercises 41–52: Write the number in standard form.

41. (Wavelength in meters of visible light)

42. (Weight in kilograms of an electron)

43. (Years required for the sun to orbit our galaxy)

44. (Federal debt in dollars in 2007)

45. 46.

47. 48. 3.5 * 1035 * 105

-5.68 * 10-11.567 * 102

9 * 1012

2 * 108

9.11 * 10-31

1 * 10-6

-0.0087

-0.00456

5 - (-4)3
- (4)3

-52
- 20 , 4 - 2

10 , 2 ,

5 + 10
5

4 + 9
2 + 3

-

-32 # 3
5

13 - 29 + 16

ƒ 5 - 7 ƒ
22132

- 122

6 - 42
, 23

3 - 4
29 - 5 -

8 - 4
4 - 2

(4 - 5)2
- 32

- 329-62
- 3(2 - 4)4

-2(16 - 3 # 5) , 2ƒ 5 - 8 # 7 ƒ

49. 50.

51. 52.

Exercises 53–60: Evaluate the expression by hand. Write
your result in scientific notation and standard form.

53. 54.

55. 56.

57. 58.

59. 60.

Exercises 61–66: Use a calculator to approximate the expres-
sion. Write your result in scientific notation.

61.

62.

63.

64.

65.

66.

Exercises 67–76: Use a calculator to evaluate the expres-
sion. Round your result to the nearest thousandth.

67. 68.

69. 70.

71. 72.

73. 74.

75. 76.

Applications

Exercises 77–80: Percent Change If an amount changes
from A to a new amount B, then the percent change is 
B - A

A * 100.

5 + 25
2

15 +

4 + 23
7

4.32
-

5
17

1.53

12 + p - 5

3.2(1.1)2
- 4(1.1) + 2

0.3 + 1.5
5.5 - 1.2

1.72 - 5.98
35.6 + 1.02

ƒ p - 3.2 ƒ

2(32 + p3)23 192

2p(4.56 * 104) + (3.1 * 10-2)

(8.5 * 10-5)(-9.5 * 107)2

23 (2.5 * 10-8) + 10-7

a101 + 23
0.42

b2

+ 23.4 * 10-2

(9.87 * 106)(34 * 1011)

8.947 * 107

0.00095
 (4.5 * 108)

2.4 * 10-5

4.8 * 10-7

4 * 10-3

8 * 10-1

8.2 * 102

2 * 10-2

6.3 * 10-2

3 * 101

(8 * 10-3)(7 * 101)(5 * 102)(7 * 10-4)

(3 * 101)(3 * 104)(4 * 103)(2 * 105)

0.0032 * 10-167 * 103

-5.4 * 10-50.045 * 105
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Calculate the percent change for the given A and B. Round your
answer to the nearest tenth of a percent when appropriate.

77. 78.

79. 80.

81. Percent Change Suppose that tuition is initially $100
per credit and increases by 6% from the first year to the
second year. What is the cost of tuition the second year?
Now suppose that tuition decreases by 6% from the sec-
ond to the third year. Is tuition equal to $100 per credit
the third year? Explain.

82. Tuition Increases From 1976 to 2004, average annual
tuition and fees at public colleges and universities
increased from $433 to $5132. Calculate the percent
change over this time period.

83. Nanotechnology (Refer to Example 3.) During inhala-
tion, the typical body generates 0.14 watt of electrical
power, which could be used to power tiny electrical cir-
cuits. Write this number in scientific notation. (Source:
Scientific American, January 2008.)

84. Movement of the Pacific Plate The Pacific plate (the
floor of the Pacific Ocean) near Hawaii is moving at
about 0.000071 kilometer per year. This is about the
speed at which a fingernail grows. Use scientific nota-
tion to determine how many kilometers the Pacific plate
travels in one million years.

85. Orbital Speed (Refer to Example 7.) The planet Mars
travels around the sun in a nearly circular orbit with a
radius of 141 million miles. If it takes 1.88 years for
Mars to complete one orbit, estimate the orbital speed of
Mars in miles per hour.

86. Size of the Milky Way The speed of light is about
186,000 miles per second. The Milky Way galaxy has an
approximate diameter of miles. Estimate, to
the nearest thousand, the number of years it takes for
light to travel across the Milky Way. (Source: C. Ronan,
The Natural History of the Universe.)

6 * 1017

Mars

Sun

141,000,000 mi

(Not to scale)

A = 1256, B = 1195A = 1.4, B = 0.85

A = $0.90, B = $13.47A = $8, B = $13

87. Federal Debt The amount of federal debt changed dra-
matically during the 30 years from 1970 to 2000.
(Sources: Department of the Treasury, Bureau of the Census.)
(a) In 1970 the population of the United States was

203,000,000 and the federal debt was $370 billion.
Find the debt per person.

(b) In 2000 the population of the United States was
approximately 281,000,000 and the federal debt was
$5.54 trillion. Find the debt per person.

88. Discharge of Water The Amazon River discharges
water into the Atlantic Ocean at an average rate of
4,200,000 cubic feet per second, the highest rate of any
river in the world. Is this more or less than 1 cubic mile
of water per day? Explain your calculations. (Source:
The Guinness Book of Records 1993.)

89. Thickness of an Oil Film (Refer to Example 9.) A drop
of oil measuring 0.12 cubic centimeter is spilled onto a
lake. The oil spreads out in a circular shape having a
diameter of 23 centimeters. Approximate the thickness
of the oil film.

90. Thickness of Gold Foil (Refer to Example 9.) A flat,
rectangular sheet of gold foil measures 20 centimeters
by 30 centimeters and has a mass of 23.16 grams. If 
1 cubic centimeter of gold has a mass of 19.3 grams,
find the thickness of the gold foil. (Source: U. Haber-
Schaim, Introductory Physical Science.)

91. Analyzing Debt A 1-inch-high stack of $100 bills con-
tains about 250 bills. In 2000 the federal debt was
approximately 5.54 trillion dollars.
(a) If the entire federal debt were converted into a stack

of $100 bills, how many feet high would it be?

(b) The distance between Los Angeles and New York is
approximately 2500 miles. Could this stack of $100
bills reach between these two cities?
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92. Volume of a Cone The volume V of a cone is given by
where r is its radius and h is its height. Find

V when inches and foot. Round your
answer to the nearest hundredth.

93. Size of a Soda Can (Refer to Example 8.) The volume
V of a cylindrical soda can is given by where
r is its radius and h is its height.
(a) If inches and inches, find the vol-

ume of the can in cubic inches.

(b) Could this can hold 12 fluid ounces? (Hint: 1 cubic
inch equals about 0.55 fluid ounce.)

94. Volume of a Sphere The volume of a sphere is given by
where r is the radius of the sphere. Calculate

the volume if the radius is 3 feet. Approximate your
answer to the nearest tenth.

V =
4
3pr3,

h = 4.4r = 1.3

V = pr2h,

h

r

h = 1r = 4
V =

1
3pr2h,
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95. Thickness of Cement (Refer to Example 9.) A 100-
foot-long sidewalk is 5 feet wide. If 125 cubic feet of
cement are evenly poured to form the sidewalk, find the
thickness of the sidewalk.

96. Depth of a Lake (Refer to Example 9.) A lake covers
square feet and contains cubic feet

of water. Find the average depth of the lake.

Writing about Mathematics

97. Describe some basic sets of numbers that are used in
mathematics.

98. Suppose that a positive number a is written in scientific
notation as where n is an integer and

Explain what n indicates about the size of a.

EXTENDED AND DISCOVERY EXERCISE

1. If you have access to a scale that weighs in grams, find
the thickness of regular and heavy-duty aluminum foil.
Is heavy-duty foil worth the price difference? (Hint:
Each 2.7 grams of aluminum equals 1 cubic centimeter.)

1 … b … 10.
a = b * 10n,

7.5 * 1082.5 * 107

Introduction
Technology is giving us access to huge amounts of data. For example, space telescopes,
such as the Hubble telescope, are providing a wealth of information about the universe.
The challenge is to convert the data into meaningful information that can be used to solve
important problems. Before conclusions can be drawn, data must be analyzed. A powerful
tool in this step is visualization, as pictures and graphs are often easier to understand than
words. This section discusses how different types of data can be visualized by using vari-
ous mathematical techniques.

One-Variable Data
Data often occur in the form of a list. A list of test scores without names is an example;
the only variable is the score. Data of this type are referred to as one-variable data. If the
values in a list are unique, they can be represented visually on a number line.

Means and medians can be found for one-variable data sets. To calculate the mean (or
average) of a set of n numbers, we add the n numbers and then divide the sum by n. The
median is equal to the value that is located in the middle of a sorted list. If there is an odd

• Analyze one-variable data

• Find the domain and range
of a relation

• Graph in the xy-plane

• Calculate distance

• Find the midpoint

• Learn the standard
equation of a circle

• Learn to graph equations
with a calculator (optional)

1.2  Visualizing and Graphing Data
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