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To Succeed, Review How To . . .
1. Use the rules of exponents (p. 312).

2. Multiply and divide real numbers
(pp. 70–75).

Objectives
Write numbers in scientific notation.

Multiply and divide numbers in
scientific notation.

Solve applications.C

B

A

4.3 APPLICATION OF EXPONENTS: SCIENTIFIC NOTATION

GETTING STARTED Sun Facts

How many facts do you know about the sun? Here is some information taken
from an encyclopedia.

Mass: 2.19 � 1027 tons

Temperature: 1.8 � 106 degrees Fahrenheit

Energy generated per minute: 2.4 � 104 horsepower

All the numbers here are written as products of a number between 1 and 10 and
an appropriate power of 10. This is called scientific notation. When written in
standard notation, these numbers are

2,190,000,000,000,000,000,000,000,000

1,800,000

24,000

It’s easy to see why so many technical fields use scientific notation. In this sec-
tion we shall learn how to write numbers in scientific notation and how to per-
form multiplications and divisions using these numbers.

A Scientific Notation

We define scientific notation as follows:

How do we write a number in scientific notation? First, recall that when we multiply a
number by a power of 10 (101 � 10, 102 � 100, and so on), we simply move the decimal
point as many places to the right as indicated by the exponent of 10. Thus

7.31 � 101 � 7.31 � 73.1 Exponent 1; move decimal point 1 
place right.

SCIENTIFIC NOTATION
A number in scientific notation is written as

M � 10 n

where M is a number between 1 and 10 and n is an integer.
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4-29 4.3 Application of Exponents: Scientific Notation 319

72.813 � 102 � 72.813 � 7281.3 Exponent 2; move decimal 
point 2 places right.

160.7234 � 103 � 160.7234 � 160,723.4 Exponent 3; move decimal 
point 3 places right.

On the other hand, if we divide a number by a power of 10, we move the decimal point as
many places to the left as indicated by the exponent of 10. Thus

�
1
7
0
� � 0.7 � 7 � 10�1

�
1
8
00
� � 0.08 � 8 � 10�2

and

�
10

4
0
.
,
7
000
� � 0.000047 � 4.7 � 10�5

Remembering the following procedure makes it easy to write a number in scientific
notation.

For example,

5.3 � 5.3 � 100 The decimal point in 5.3 must 
be moved 0 places to get 5.3.

1 87 � 8.7 � 101 � 8.7 � 10 The decimal point in 87 must be
moved 1 place left to get 8.7.

4 68,000 � 6.8 � 104 The decimal point in 68,000 must 
be moved 4 places left to get 6.8.

�1 0.49 � 4.9 � 10�1 The decimal point in 0.49 must 
be moved 1 place right to get 4.9.

�2 0.072 � 7.2 � 10�2 The decimal point in 0.072 must 
be moved 2 places right to get 7.2.

NOTE
After completing step 1 in the procedure, decide whether you should make the
number obtained larger (n positive) or smaller (n negative).

PROCEDURE
Writing a Number in Scientific Notation (M � 10n )

1. Move the decimal point in the given number so that there is only one nonzero
digit to its left. The resulting number is M.

2. Count the number of places you moved the decimal point in step 1. If the dec-
imal point was moved to the left, n is positive; if it was moved to the right, n is
negative.

3. Write M � 10 n.
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EXAMPLE 2 Changing scientific notation to standard notation PROBLEM 2
A jumbo jet weighs 7.75 � 105 pounds,
whereas a house spider weighs 
2.2 � 10�4 pound. Write these weights
in standard notation.

SOLUTION

7.75 � 105 � 775,000 To multiply by 105, move the decimal point 5 places right.

2.2 � 10�4 � 0.00022 To multiply by 10�4, move the decimal point 4 places left.

B Multiplying and Dividing Using Scientific Notation

Consider the product 300 � 2000 � 600,000. In scientific notation, we would write

(3 � 102) � (2 � 103) � 6 � 105

To find the answer, we can multiply 3 by 2 to obtain 6 and multiply 102 by 103, obtaining
105. To multiply numbers in scientific notation, we proceed in a similar manner; here’s the
procedure.

Answers

1. 2.39 � 105; 1.2 � 10�2

2. 10,100,000; 0.0525
3. a. 3.12 � 1010

b. 1.55 � 10�2

EXAMPLE 3 Multiplying numbers in scientific notation PROBLEM 3
Multiply:

a. (5 � 103) � (8.1 � 104) b. (3.2 � 102) � (4 � 10�5 )

SOLUTION

a. We multiply the decimal parts first, then write the result in scientific 
notation.

5 � 8.1 � 40.5 � 4.05 � 10

Next we multiply the powers of 10.

103 � 104 � 107 Add exponents 3 and 4 to obtain 7.

The answer is (4.05 � 10) � 107, or 4.05 � 108.

Multiply:

a. (6 � 104) � (5.2 � 105)

b. (3.1 � 103) � (5 � 10�6)

PROCEDURE
Multiplying Using Scientific Notation

1. Multiply the decimal parts first and write the result
in scientific notation.

2. Multiply the powers of 10 using the product rule.

3. The answer is the product obtained in steps 1 and 2
after simplification.

EXAMPLE 1 Writing a number in scientific notation PROBLEM 1
The approximate distance to the sun is 93,000,000 miles, and the wavelength
of its ultraviolet light is 0.000035 centimeter. Write 93,000,000 and 0.000035 
in scientific notation.

SOLUTION

93,000,000 � 9.3 � 107

0.000035 � 3.5 � 10�5

The approximate distance to the moon
is 239,000 miles and its mass is 0.012
that of the earth. Write 239,000 and
0.012 in scientific notation.

7.75 � 105

2.2 � 10�4

In an average year, Carnival Cruise™
line puts more than 10.1 � 106 mints,
each weighing 5.25 � 10�2 ounce, on
guest’s pillows. Write 10.1 � 106 and
5.25 � 10�2 in standard notation.
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b. Multiply the decimals and write the result in scientific notation.

3.2 � 4 � 12.8 � 1.28 � 10

Multiply the powers of 10.

102 � 10�5 � 102�5 � 10�3

The answer is (1.28 � 10) � 10�3, or 1.28 � 101�(�3) � 1.28 � 10�2.

C Solving Applications

Since so many fields need to handle large numbers, applications using scientific notation
are not hard to come by. Take, for example, the field of astronomy.

Answers

4. 3 5. 44,000/mi2

EXAMPLE 5 The energizer PROBLEM 5
The total energy received from the sun each minute is 1.02 � 1019 calories. 
Since the area of the earth is 5.1 � 1018 square centimeters, the amount of 
energy received per square centimeter of the earth’s surface every minute 
(the solar constant) is 

�
1
5
.0
.1
2
�

�

1
1
0
0

1

1

8

9

�

Simplify this expression.

SOLUTION Dividing 1.02 by 5.1, we obtain 0.2 � 2 � 10�1. Now, 
1019 � 1018 � 1019�18 � 101. Thus the final answer is

(2 � 10�1 ) � 101 � 2 � 100 � 2

This means that the earth receives about 2 calories of energy per square 
centimeter each minute.

The population density for a country is
the number of people per square mile.
Monaco’s population density is 

�
7

3

.5

.3

�

�

1

1

0

0
�

4

1�

Simplify this expression.

Division is done in a similar manner. For example,

�
3
1
.
.
2
6

�

�

1
1
0
0

5

2�

is found by dividing 3.2 by 1.6 (yielding 2) and 105 by 102, which is 103. The answer is
2 � 103.

EXAMPLE 4 Dividing numbers in scientific notation PROBLEM 4
Find: (1.24 � 10�2 ) � (3.1 � 10�3 ) Find: (1.23 � 10�3) � (4.1 � 10�4)

SOLUTION

First divide 1.24 by 3.1 to obtain 0.4 � 4 � 10�1. Now divide powers of 10:

10�2 � 10�3 � 10�2�(�3)

� 10�2�3

� 101

The answer is (4 � 10�1 ) � 101 � 4 � 100 � 4.
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Now, let’s talk about more “earthly” matters.

EXAMPLE 6 Money, money, money! PROBLEM 6
In a recent year, the Treasury Department reported printing the following 
amounts of money in the specified denominations:

$3,500,000,000 in $1 bills $2,160,000,000 in $20 bills

$1,120,000,000 in $5 bills 2, $250,000,000 in $50 bills

1,$640,000,000 in $10 bills 2, $320,000,000 in $100 bills

a. Write these numbers in scientific notation.

b. Determine how much money was printed (in billions).

SOLUTION

a. 3,500,000,000 � 3.5 � 109

1,120,000,000 � 1.12 � 109

1,640,000,000 � 6.4 � 108

2,160,000,000 � 2.16 � 109

1,250,000,000 � 2.5 � 108

1,320,000,000 � 3.2 � 108

b. Since we have to write all the quantities in billions (a billion is 109), 
we have to write all numbers using 9 as the exponent. First, let’s consider
6.4 � 108. To write this number with an exponent of 9, we write

6.4 � 108 � (0.64 � 10) � 108 � 0.64 � 109

Similarly,

2.5 � 108 � (0.25 � 10) � 108 � 0.25 � 109

and

3.2 � 108 � (0.32 � 10) � 108 � 0.32 � 109 Add the entire 
column.

Writing the other numbers, we get

3.50 � 109

1.12 � 109

2.16 � 109

7.99 � 109

Thus 7.99 billion dollars were printed.

How much money was minted in
coins? The amounts of money minted
in the specified denominations are as
follows:

Pennies: $1,025,740,000

Nickels: $66,183,600

Dimes: $233,530,000

Quarters: $466,850,000

Half-dollars: $15,355,000

a. Write these numbers in scientific
notation.

b. Determine how much money was
minted (in billions).

Answers

6. a. Pennies: 1.02574 � 109

Nickels: 6.61836 � 107

Dimes: 2.3353 � 108

Quarters: 4.6685 � 108

Half-dollars: 1.5355 � 107

b. $1.8076586 billion

Web It
For a lesson with practice problems, go to link 4-3-1 at the Bello Website at mhhe.com/bello.

Another lesson that deals with operations in scientific notation and provides practice problems is
at link 4-3-2.
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Exercises 4.3

In Problems 1–10, write the given number in scientific notation.

1. 54,000,000 (working women in
the United States)

2. 68,000,000 (working men in the
United States)

3. 287,190,520 (U.S. population
now)

4. 299,000,000 (estimated U.S.
population in the year 2010)

5. 1,900,000,000 (dollars spent on
water beds and accessories in
1 year)

6. 0.035 (ounces in a gram) 7. 0.00024 (probability of four-of-a-
kind in poker)

8. 0.000005 (the gram-weight of an
amoeba)

9. 0.000000002 (the gram-weight
of one liver cell)

10. 0.00000009 (wavelength of an X ray
in centimeters)

21. (3 � 104) � (5 � 105) 22. (5 � 102) � (3.5 � 103) 23. (6 � 10�3) � (5.1 � 106)

20. 4 � 10�11 (energy, in joules, re-
leased by splitting one uranium
atom)

In Problems 21–30, perform the indicated operations (give your answer in scientific notation).

17. 2.3 � 10�1 (kilowatts per hour
used by your TV)

18. 4 � 10�2 (inches in 1 millimeter) 19. 2.5 � 10�4 (thermal conductivity of
glass)

14. 2.01 � 106 (estimated number
of jobs created in service indus-
tries between now and the year
2010)

15. 6.85 � 109 (estimated worth, in
dollars, of the five wealthiest
women)

16. 1.962 � 1010 (estimated worth, in
dollars, of the five wealthiest men)

11. 1.53 � 102 (pounds of meat con-
sumed per person per year in the
United States)

12. 5.96 � 102 (pounds of dairy prod-
ucts consumed per person per
year in the United States)

13. 8 � 106 (bagels eaten per day in the
United States)

In Problems 11–20, write the given number in standard notation.

24. (3 � 10�2) � (8.2 � 105) 25. (4 � 10�2) � (3.1 � 10�3) 26. (3.1 � 10�3) � (4.2 � 10�2)

27. �
4
2
.
.
2
1

�

�

1
1
0
0

5

2� 28. �
5
2

�

�

1
1
0
0

6

3� 29. �
2
8
.2
.8

�

�1
1
0
0
6

4

�

30. �
2
8
.1
.4

�

�1
1
0
0
5

3

�
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SKILL CHECKER
Try the Skill Checker Exercises so you’ll be ready for the next section.

Find:

40. �16(2)2 � 118 41. �8(3)2 � 80 42. 3(22) � 5(3) � 8

43. �4 � 8 � 2 � 20 44. �5 � 6 � 2 � 25

324 Chapter 4 Exponents and Polynomials

APPLICATIONS
31. Vegetable consumption The average American eats

80 pounds of vegetables each year. Since there are
about 290 million Americans, the number of pounds
of vegetables consumed each year should be
(8 � 101) � (2.9 � 108).

a. Write this number in scientific notation.

b. Write this number in standard notation.

32. Soft drink consumption The average American drinks
44.8 gallons of soft drinks each year. Since there are
about 290 million Americans, the number of gallons
of soft drinks consumed each year should be
(4.48 � 101) � (2.9 � 108).

a. Write this number in scientific notation.

b. Write this number in standard notation.

33. Garbage production America produces 148.5 million
tons of garbage each year. Since a ton is 2000 pounds,
and there are about 360 days in a year and 290 million
Americans, the number of pounds of garbage produced
each day of the year for each man, woman, and child in
America is

Write this number in standard notation.

(1.485 � 108) � (2 � 103)
���
(2.9 � 108) � (3.6 � 102)

34. Velocity of light The velocity of light can be measured
by dividing the distance from the sun to the earth
(1.47 � 1011 meters) by the time it takes for sunlight to
reach the earth (4.9 � 102 seconds). Thus the velocity
of light is

�
1
4
.4
.9
7

�

�

1
1
0
0

2

11

�

How many meters per second is that?

35. Nuclear fission Nuclear fission is used as an energy
source. Do you know how much energy a gram of
uranium-235 gives? The answer is

�
4.7

2
�

35
109

� kilocalories

Write this number in scientific notation.

36. How much do you owe? The national debt of the
United States is about $6 � 1012 (about $6 trillion). 
If we assume that the U.S. population is 288 million,

each citizen actually owes �2.
6
88

�
�
10

1

12

08� dollars. How much 
money is that? Approximate the answer (to the nearest
cent). You can see the answer for this very minute at
http://www.brillig.com/debt_clock/.

37. Internet e-mail projections An Internet travel site
called Travelocity® sends about 730 million e-mails a
year, and that number is projected to grow to 4.38 bil-
lion per year. If a year has 365 days, how many e-mails
per day is Travelocity sending now, and how many are
they projecting to send later?

38. Product information e-mails Every year, 18.25 billion
e-mails requesting product information or service
inquiries are sent. If a year has 365 days, how many
e-mails a day is that?

39. E-mail proliferation It is predicted that in 2005, about
288 million people in the United States will be sending
36 million e-mails every day. How many e-mails will
each person be sending per year? Round your answer to
three decimal places.

Source: Iconocast.com.

Source: Warp 9, Inc.
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USING YOUR KNOWLEDGE
Astronomical Quantities

As we have seen, scientific notation is especially useful when very large quantities are involved. Here’s another example. In
astronomy we find that the speed of light is 299,792,458 meters per second.

45. Write 299,792,458 in scientific notation.

Astronomical distances are so large that they are measured in astronomical units (AU). An astronomical unit is defined as
the average separation (distance) of the earth and the sun—that is, 150,000,000 kilometers.

46. Write 150,000,000 in scientific notation. 47. Distances in astronomy are also measured in parsecs:
1 parsec � 2.06 � 105 AU. Thus 1 parsec � (2.06 �
105) � (1.5 � 108) kilometers. Written in scientific nota-
tion, how many kilometers is that?

48. Astronomers also measure distances in light-years,
the distance light travels in 1 year: 1 light-year �
9.46 � 1012 kilometers. The closest star, Proxima
Centauri, is 4.22 light-years away. In scientific notation
using two decimal places, how many kilometers is that?

49. Since 1 parsec � 3.09 � 1013 kilometers (see Prob-
lem 47) and 1 light-year � 9.46 � 1012 kilometers, the
number of light-years in a parsec is

�
3
9
.
.
0
4
9
6

�

�

1
1
0
0

1

1

3

2�

Write this number in standard notation using two deci-
mal places.

WRITE ON
50. Explain why the procedure used to write numbers in

scientific notation works.
51. What are the advantages and disadvantages of writing

numbers in scientific notation?

MASTERY TEST
If you know how to do these problems, you have learned your lesson!

52. The width of the asteroid belt is 2.8 � 108 kilometers.
The speed of Pioneer 10, a U.S. space vehicle, in pass-
ing through this belt was 1.14 � 105 kilometers per
hour. Thus Pioneer 10 took

�
2
1
.
.
8
4

�

�

1
1
0
0

8

5�

hours to go through the belt. How many hours is that?

53. The distance to the moon is about 289,000 miles, and
its mass is 0.12456 that of the earth. Write these
numbers in scientific notation.

54. The Concorde (a supersonic passenger plane) weighs
4.08 � 105 pounds, and a cricket weighs 3.125 �
10�4 pound. Write these weights in standard notation.

Find. Write the answer in scientific and standard notation.

55. (2.52 � 10�2) � (4.2 � 10�3) 56. (4.1 � 102) � (3 � 10�5)

57. (6 � 104) � (2.2 � 103) 58. (3.2 � 10�2) � (1.6 � 10�5)
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To Succeed, Review How To . . .
1. Evaluate expressions (pp. 72, 81).

2. Add, subtract, and multiply
expressions (pp. 92–94, 98).

Objectives
Classify polynomials.

Find the degree of a polynomial.

Write a polynomial in descending
order.

Evaluate polynomials.D

C

B

A

A Diving Polynomial

The diver in the photo jumped from a height of 118 feet. Do you know how
many feet above the water the diver will be after t seconds? Scientists have
determined a formula for finding the answer:

�16t 2 � 118 (feet above the water)

The expression �16t 2 � 118 is an example of a polynomial. Here are some
other polynomials:

5x, 9x � 2, �5t 2 � 18t � 4, and y 5 � 2y 2 � �
4
5

�y � 6

We construct these polynomials by adding or subtracting products of num-
bers and variables raised to whole-number exponents. Of course, if we use
any other operations, the result may not be a polynomial. For example,

x2 � �
3
x

� and x�7 � 4x

are not polynomials (we divided by the variable x in the first one and used
negative exponents in the second one). In this section we shall learn how to
classify polynomials, find their degrees, write them in descending order, and
evaluate them.

GETTING STARTED

4.4 POLYNOMIALS: AN INTRODUCTION

A Classifying Polynomials

Polynomials can be used to track and predict the amount of waste (in millions of tons)
generated annually in the United States. The polynomial approximating this amount is

�0.001t 3 � 0.06t 2 � 2.6t � 88.6

where t is the number of years after 1960. But how do we predict how much waste will be
generated in the year 2010 using this polynomial? We will show you in Example 6! First,
let’s look at the definition of polynomials.

POLYNOMIAL
A polynomial is an algebraic expression formed by using the operations of 
addition and subtraction on products of numbers and variables raised to whole-
number exponents.

4-36326 Chapter 4 Exponents and Polynomials
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4.4 Polynomials: An Introduction 3274-37

The parts of a polynomial separated by plus signs are called the terms of the poly-
nomial. If there are subtraction signs, we can rewrite the polynomial using addition signs,
since we know that a � b � a � (�b). Thus

5x has one term: 5x

9x � 2 has two terms: 9x and �2 Recall that 

9x � 2 � 9x � (�2).

�5t 2 � 18t � 4 has three terms: �5t 2, 18t, and �4 �5t2 � 18t � 4 �

�5t2 � 18t � (�4)

Polynomials are classified according to the number of terms they have. Thus

5x has one term; it is called a monomial. mono means one.

9x � 2 has two terms; it is called a binomial. bi means two.

�5t 2 � 18t � 4 has three terms; it is called a trinomial. tri means three.

Clearly, a polynomial of one term is a monomial; two terms, a binomial; and three, a tri-
nomial. If a polynomial has more than three terms, we simply refer to it as a polynomial.

EXAMPLE 1 Classifying polynomials PROBLEM 1
Classify each of the following polynomials as a monomial, binomial, Classify as monomial, binomial, or
or trinomial: trinomial:

a. 6x � 1 b. �8 c. �4 � 3y � y 2 d. 5(x � 2) � 3

SOLUTION

a. 6x � 1 has two terms; it is a binomial.

b. �8 has only one term; it is a monomial.

c. �4 � 3y � y 2 has three terms; it is a trinomial.

d. 5(x � 2) � 3 is a binomial. Note that 5(x � 2) is one term.

a. �5

b. �3 � 4y � 6y2

c. 8x � 3

d. 8(x � 9) � 3(x � 1)

B Finding the Degree of a Polynomial

All the polynomials we have seen contain only one variable and are called polynomials in
one variable. Polynomials in one variable, such as x 2 � 3x � 7, can also be classified
according to the highest exponent of the variable. The highest exponent of the variable
is called the degree of the polynomial. To find the degree of a polynomial, you simply
examine each term and find the highest exponent of the variable. Thus the degree of
3x 2 � 5x 4 � 2 is found by looking at the exponent of the variable in each of the terms.

The exponent in 3x 2 is 2.

The exponent in 5x 4 is 4.

The exponent in �2 is 0 because �2 � �2x 0. (Recall that x 0 � 1.)

Thus the degree of 3x 2 � 5x 4 � 2 is 4, the highest exponent of the variable in the poly-
nomial. Similarly, the degree of 4y 3 � 3y 5 � 9y 2 is 5, since 5 is the highest exponent of the
variable present in the polynomial. By convention, a number such as �4 or 7 is called a
polynomial of degree 0, because if a � 0, a � ax 0. Thus �4 � �4x 0 and 7 � 7x 0 are
polynomials of degree 0. The number 0 itself is called the zero polynomial and is not
assigned a degree. (Note that 0 � x 1 � 0; 0 � x 2 � 0, 0 � x 3 � 0, and so on, so the zero poly-
nomial cannot have a degree.)

Web It
To learn more about the termi-
nology associated with poly-
nomials and for an interactive
feature dealing with the de-
gree of a polynomial, go to
link 4-4-1 on the Bello Web-
site at mhhe.com/bello.

Answers

1. a. Monomial b. Trinomial
c. Binomial d. Binomial
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EXAMPLE 2 Finding the degree of a polynomial PROBLEM 2
Find the degree: Find the degree:

a. �2t 2 � 7t � 2 � 9t 3 b. 8

c. �3x � 7 d. 0

SOLUTION

a. The highest exponent of the variable t in the polynomial 
�2t 2 � 7t � 2 � 9t 3 is 3; thus the degree of the polynomial is 3.

b. The degree of 8 is, by convention, 0.

c. Since x � x 1, �3x � 7 can be written as �3x 1 � 7, making the degree of 
the polynomial 1.

d. 0 is the zero polynomial; it does not have a degree.

a. 9 b. �5z2 � 2z � 8

c. 0 d. �8y � 1

C Writing a Polynomial in Descending Order

The degree of a polynomial is easier to find if we agree to write the polynomial in
descending order; that is, the term with the highest exponent is written first, the second
highest is next, and so on. Fortunately, the associative and commutative properties of addi-
tion permit us to do this rearranging! Thus instead of writing 3x 2 � 5x 3 � 4x � 2, we re-
arrange the terms and write �5x 3 � 3x 2 � 4x � 2 with exponents in the terms arranged in
descending order. Similarly, to write �3x 3 � 7 � 5x 4 � 2x in descending order, we use the
associative and commutative properties and write 5x 4 � 3x 3 � 2x � 7. Of course, it would
not be incorrect to write this polynomial in ascending order (or with no order at all);
it is just that we agree to write polynomials in descending order for uniformity and
convenience.

EXAMPLE 3 Writing polynomials in descending order PROBLEM 3
Write in descending order: Write in descending order:

a. �9x � x 2 � 17 b. �5x 3 � 3x � 4x 2 � 8

SOLUTION

a. �9x � x 2 � 17 � x 2 � 9x � 17

b. �5x 3 � 3x � 4x 2 � 8 � �5x 3 � 4x 2 � 3x � 8

a. �4x2 � 3x3 � 8 � 2x

b. �3y � y2 � 1

Answers

2. a. 0 b. 2 c. No degree d. 1
3. a. 3x3 � 4x2 � 2x � 8
b. y2 � 3y � 1

D Evaluating Polynomials

Now, let’s return to the diver in the Getting Started. You may be wondering why his height
above the water after t seconds was �16t 2 � 118 feet. This expression doesn’t even
look like a number! But polynomials represent numbers when they are evaluated. So, if
our diver is �16t 2 � 118 feet above the water after t seconds, then after 1 second (that is,
when t � 1), our diver will be

�16(1)2 � 118 � �16 � 118 � 102 ft

above the water.
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After 2 seconds (that is, when t � 2), his height will be

�16(2)2 � 118 � �16 � 4 � 118 � 54 ft

above the water.
We sometimes say that

At t � 1, �16t 2 � 118 � 102

At t � 2, �16t 2 � 118 � 54

and so on.
In algebra, polynomials in one variable can be represented by using symbols such as

P(t) (read “P of t”), Q(x), and D(y), where the symbol in parentheses indicates the variable
being used. Thus P(t) � �16t 2 � 118 is the polynomial representing the height of the diver
above the water and G(t) is the polynomial representing the amount of waste generated an-
nually in the United States. With this notation, P(1) represents the value of the polynomial
P(t) when 1 is substituted for t in the polynomial; that is,

P(1) � �16(1)2 � 118 � 102
and

P(2) � �16(2)2 � 118 � 54

and so on.

EXAMPLE 4 Evaluating a polynomial PROBLEM 4
When t � 3, what is the value of P(t) � �16t 2 � 118?

SOLUTION When t � 3,

P(t) � �16t 2 � 118

becomes

P(3) � �16(3)2 � 118

� �16(9) � 118

� �144 � 118

� �26

Find the value of P(x) � �16t2 � 90
when t � 2.

Note that in this case, the answer is negative, which means that the diver should be below
the water’s surface. However, since he can’t continue to free-fall after hitting the water, we
conclude that it took him between 2 and 3 seconds to hit the water.

Web It
For some examples and prac-
tice problems on evaluating
polynomials, go to link 4-4-2
on the Bello Website at mhhe.
com/bello.

EXAMPLE 5 Evaluating polynomials PROBLEM 5
Evaluate Q(x) � 3x 2 � 5x � 8 when x � 2.

SOLUTION When x � 2,

Q(x) � 3x 2 � 5x � 8

becomes 

Q(2) � 3(22) � 5(2) � 8

� 3(4) � 5(2) � 8 Multiply 2 � 2 � 22.

� 12 � 10 � 8 Multiply 3 � 4 and 5 � 2.

� 2 � 8 Subtract 12 � 10.

� 10 Add 2 � 8.

Note that to evaluate this polynomial, we followed the order of operations 
studied in Section 1.5.

Evaluate R(x) � 5x2 � 3x � 9
when x � 3.

Answers

4. 26 5. 45
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EXAMPLE 7 Don’t drink and drive! PROBLEM 7
Do you know how many drinks it takes before you are considered legally
drunk? In many states you are drunk if you have a blood alcohol level (BAL) 
of 0.10 or even lower (0.08). The accompanying chart shows your BAL after 
consuming 3 ounces of alcohol (6 beers with 4% alcohol or 30 ounces of
10% wine or 7.5 ounces of vodka or whiskey) in the time period shown. The 
polynomial equation y � �0.0226x � 0.1509 approximates the BAL for a 
150-pound male and y � �0.0257x � 0.1663 the BAL of a 150-pound female.

a. Use the graph to find the BAL
for a male after 0.5 hour.

b. Use the graph to find the BAL
for a female after 1 hour.

c. Evaluate y � �0.0226x �
0.1509 for x � 0.5. Does your 
answer coincide with the 
answer to part a?

d. Evaluate y � �0.0257x �
0.1663 for x � 1. Does your 
answer coincide with the 
answer to part b?

a. Use the graph to find the BAL for
a male after 3 hours.

b. Use the graph to find the BAL for
a female after 3 hours.

c. Evaluate y � �0.0226x � 0.1509
for x � 3.

d. Evaluate y � �0.0257x � 0.1663
for x � 3.

Answers

6. a. 91.259 million tons
b. 224.60 million tons
7. a. 0.082 b. 0.09 c. 0.0831
d. 0.0892

EXAMPLE 6 A lot of waste PROBLEM 6
a. If G(t) � �0.001t3 � 0.06t2 � 2.6t � 88.6 is the amount of waste (in 

millions of tons) generated annually in the United States and t is the number 
of years after 1960, how much waste was generated in 1960 (t � 0)?

b. How much waste would be generated in the year 2010?

SOLUTION

a. At t � 0, G(t) � �0.001t3 � 0.06t2 � 2.6t � 88.6 becomes

G(0) � �0.001(0)�3 � 0.06(0)2 � 2.6(0) � 88.6 � 88.6 (million tons)

Thus 88.6 million tons were generated in 1960.

b. The year 2010 is 2010 � 1960 � 50 years after 1960. This means that 
t � 50 and

G(50) � �0.001(50)3 � 0.06(50)2 � 2.6(50) � 88.6

� �125 � 0.06(2500) � 2.6(50) � 88.6

� 243.6 (million tons)

The prediction is that 243.6 million tons of waste will be generated in 
the year 2010.

2010

243.6
tons

1960

G(t)
88.6 tons

a. How much waste was generated
in 1961?

b. How much waste was generated
in 2000?

y � �0.0257x � 0.1663
y � �0.0226x � 0.1509

0.06

0.08

0.10

0.12

0.14

0.16

543210

Hours

B
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l

3 Ounces of Alcohol
Consumed in Given Time
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SOLUTION

a. First, locate 0.5 on the x-axis. Move vertically until you reach the blue line 
and then horizontally (left) to the y-axis. The y-value at that point is 
approximately 0.14. This means that the BAL of a male 0.5 hour after 
consuming 3 ounces of alcohol is about 0.14 (legally drunk!).

b. This time, locate 1 on the x-axis, move vertically until you reach the red 
line, and then move horizontally to the y-axis. The y-value at that point is 
a little more than 0.14, so we estimate the answer to be 0.141 (legally 
drunk!).

c. When x � 0.5,

y � �0.0226x � 0.1509

� �0.0226(0.5) � 0.1509 � 0.1396

which is very close to the 0.14 from part a.

d. When x � 1,

y � �0.0257x � 0.1663

� �0.0257(1) � 0.1663 � 0.1406

which is also very close to the 0.141 from part b.

Calculate It Evaluating Polynomials

If you have a calculator, you can evaluate polynomials in several
ways. One way is to make a picture (graph) of the polynomial and
use the and keys. Or, better yet, if your calculator
has a “value” feature, it will automatically find the value of a
polynomial for a given number. Thus to find the value of G(t) �
�0.001t3 � 0.06t2 � 2.6t � 88.6 when t � 50 in Example 6, first
graph the polynomial. With a TI-83 Plus, press and enter
�0.001x3 � 0.06x2 � 2.6x � 88.6 for Y1 . (Note that we used X’s
instead of t’s because X’s are easier to enter.) If you then press

, nothing will show in your window! Why? Because a stan-
dard window gives values of X only between �10 and 10 and cor-
responding Y1 � G(x) values be-
tween �10 and 10. Adjust the 
X- and Y-values to those shown
in Window 1 and press 
again. To evaluate G(X) at
X � 50 with a TI-83 Plus, press

1. When the calcu-
lator prompts you by showing
X �, enter 50 and press .
The result is shown in Window 2
as Y � 243.6. This means that 50 years after 1960—that is, in the
year 2010—243.6 million tons of waste will be generated.

You can also evaluate G(X) by first storing the value you
wish (X � 50) by pressing 50 , then entering
�0.001x3 � 0.06x2 � 2.6x � 88.6, and finally pressing 
again. The result is shown in Window 3.

The beauty of the first method is that now you can evaluate
G(20), G(50), or G(a) for any number a by simply entering the
value of a and pressing . You don’t have to reenter G(X) or
adjust the window again!

Are you ready for a secret? You can get any value of G(t) by
pressing . Do it now so you can see what happens!

By the way, if you look in the Statistical Abstract of the
United States and use G(X) to estimate the amount of waste gen-
erated in 1995 (X � 35), your answer will be a very close ap-
proximation to the actual 211.4 million tons generated in that
year.

Xmin
Xmax
X s c l
Ymin
Ymax
Y s c l

WINDOW FORMAT
=0
=50
=10
=0
=200
=50

Window 1

X=50 Y= 243.6

1

Window 2

- 0 . 0 0 1 X ^ 3 + 0 . 0 6 X ^ 2
+ 2 . 6 X + 8 8 . 6

50  X

243.6

50

Window 3
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Exercises 4.4

In Problems 1–10, classify as a monomial (M), binomial (B), 
trinomial (T), or polynomial (P) and give the degree.

1. �5x � 7 2. 8 � 9x 3

3. 7x 4. �3x 4

5. �2x � 7x 2 � 9 6. �x � x 3 � 2x 2

7. 18 8. 0

9. 9x 3 � 2x 10. �7x � 8x 6 � 3x 5 � 9

In Problems 11–20, write in descending order and give the degree of each polynomial.

11. �3x � 8x 3 12. 7 � 2x 3 13. 4x � 7 � 8x 2

14. 9 � 3x � x 3 15. 5x � x 2 16. �3x � 7x 3

17. 3 � x 3 � x 2 18. �3x 2 � 8 � 2x 19. 4x5 � 2x2 � 3x3

20. 4 � 3x 3 � 2x 2 � x

In Problems 21–24, find the value of the polynomial when (a) x � 2 and (b) x � �2.

21. 3x � 2 22. x 2 � 3 23. 2x 2 � 1 24. x 3 � 1

25. If P(x) � 3x 2 � x � 1, find

a. P(2) b. P(�2)

26. If Q(x) � 2x 2 � 2x � 1, find

a. Q(2) b. Q(�2)

27. If R(x) � 3x � 1 � x 2, find

a. R(2) b. R(�2)

28. If S(x) � 2x � 3 � x 2, find

a. S(2) b. S(�2)

APPLICATIONS
31. Height of dropped object If an object drops from an

altitude of k feet, its height above ground after t seconds
is given by �16t2 � k feet. If the object is dropped from
an altitude of 150 feet, what would be the height of the
object after

a. t seconds?

b. 1 second? c. 2 seconds?

32. Velocity of dropped object After t seconds have passed,
the velocity of an object dropped from a height of
96 feet is �32t feet per second. What would be the
velocity of the object after

a. 1 second?

b. 2 seconds?

33. Height of dropped object If an object drops from an
altitude of k meters, its height above the ground after
t seconds is given by �4.9t 2 � k meters. If the object is
dropped from an altitude of 200 meters, what would be
the height of the object after

a. t seconds?

b. 1 second? c. 2 seconds?

34. Velocity of dropped object After t seconds have passed,
the velocity of an object dropped from a height of
300 meters is �9.8t meters per second. What would be
the velocity of the object after

a. 1 second?

b. 2 seconds?

29. If T(y) � �3 � y � y 2, find

a. T(2) b. T(�2)

30. If U(r) � �r � 4 � r 2, find

a. U(2) b. U(�2)
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37. Rock music sales What type of music do you buy?
According to the Recording Industry Association of
America, the percent of U.S. dollar music sales spent
annually on rock music is given by

R(t) � 0.07t 3 � 1.15t 2 � 4t � 30

where t is the number of years after 1992. (Give answers
to two decimals.)

a. What percent of music sales were spent on rock
music during 1992?

b. What percent of music sales were spent on rock
music during 2002?

c. Were rock music sales increasing or decreasing
from 1992 to 2002?

d. During 1992, the value of all music sold amounted
to $9.02 billion. How much was spent on rock
music?

e. During 2002, the value of all music sold amounted
to $13.0 billion. How much was spent on rock
music?

35. Annual number of robberies According to FBI data,
the annual number of robberies (per 100,000 popula-
tion) can be approximated by

R(t) � 1.76t 2 � 17.24t � 251

where t is the number of years after 1980.

a. What was the number of robberies (per 100,000) in
1980 (t � 0)?

b. How many robberies per 100,000 would you
predict in the year 2000? In 2010?

36. Annual number of assaults The number of aggravated
assaults (per 100,000) can be approximated by

A(t) � �0.2t 3 � 4.7t 2 � 15t � 300

where t is the number of years after 2000.

a. What was the number of aggravated assaults (per
100,000) in 2000 (t � 0)?

b. How many aggravated assaults per 100,000 would
you predict for the year 2020?

38. Country music sales The percent of U.S. dollar music
sales spent annually on country music is given by

C(t) � �0.04t 2 � 0.6t � 18

where t is the number of years after 1992.

a. What percent of music sales were spent on country
music during 1992?

b. What percent of music sales were spent on country
music during 2002?

c. Were country music sales increasing or decreasing
from 1992 to 2002?

d. During 1992, the value of all music sold amounted
to $9.02 billion. How much was spent on country
music?

e. During 2002, the value of all music sold amounted
to $13.0 billion. How much was spent on country
music?

39. Record low temperatures According to the USA Today
Weather Almanac, the coldest city in the United States
(based on average annual temperature) is International
Falls, Minnesota. Record low temperatures (in �F) there
can be approximated by L(m) � �4m 2 � 57m � 175,
where m is the number of the month starting with March
(m � 3) and ending with December (m � 12).

a. Find the record low during July.

b. If m � 1 were allowed, what would be the record
low in January? Does the answer seem reasonable?
Do you see why m � 1 is not one of the choices?

40. Record low temperatures According to the USA Today
Weather Almanac, the hottest city in the United States
(based on average annual temperature) is Key West,
Florida. Record low temperatures there can be approxi-
mated by L(m) � �0.12m 2 � 2.9m � 77, where m is
the number of the month starting with January (m � 1)
and ending with December (m � 12).

a. Find the record low during January. (Answer to the
nearest whole number.)

b. In what two months would you expect the highest-
ever temperature to have occurred? What is m for
each of the two months?

c. Find L(m) for each of the two months of part b.
Which is higher?

d. The highest temperature ever recorded in Key West
was 95�F and occurred in August 1957. How close
was your approximation?
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41. Internet use in China The number of Internet users in
China (in millions) is shown in the figure and can be
approximated by N(t) � 0.5t 2 � 4t � 2.1, where t is the
number of years after 1998.

a. Use the graph to find the number of users in 2003.

b. Evaluate N(t) for t � 5. Is the result close to the 
approximation in part a?

Source: Data from USA Today, May 9, 2000.
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42. Stopping distances The stopping distance needed for a
3000-pound car to come to a complete stop when trav-
eling at the indicated speeds is shown in the figure.

a. Use the graph to esimate the number of feet it 
takes the car to stop when traveling at 85 miles 
per hour.

b. Use the quadratic polynomial D(t) � 0.05s2 �
2.2s � 0.75, where s is speed in mi/hr, to approxi-
mate the number of feet it takes for the car to stop
when traveling at 85 mi/hr.

Source: Data from USA Today/Foundation for Traffic Safety.
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SKILL CHECKER
Try the Skill Checker Exercises so you’ll be ready for the next section.

Find:

43. �3ab � (�4ab) 44. �8a 2b � (�5a 2b) 45. �3x 2y � 8x 2y � 2x 2y

46. �2xy 2 � 7xy 2 � 9xy 2 47. 5xy 2 � (�3xy 2 ) 48. 7x 2y � (�8x 2y)

USING YOUR KNOWLEDGE
Faster and Faster Polynomials

We’ve already stated that if an object is simply dropped from a certain height, its velocity after t seconds is given by �32t feet
per second. What will happen if we actually throw the object down with an initial velocity, say v0? Since the velocity �32t
is being helped by the velocity v0, the new final velocity will be given by �32t � v0 (v0 is negative if the object is thrown
downward ).

49. Find the velocity after t seconds have elapsed of a ball
thrown downward with an initial velocity of 10 feet per
second.

50. What will be the velocity of the ball in Problem 49 after

a. 1 second? b. 2 seconds?
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Find the degree of:

62. �5y � 3 63. 4x 2 � 5x 3 � x 8 64. �9

65. 0

Write in descending order:

66. �2x 4 � 5x � 3x 2 � 9 67. �8 � 5x 2 � 3x

Classify as a monomial, binomial, trinomial, or polynomial:

68. �4t � t 2 � 8 69. �5y 70. 278 � 6x

71. 2x 3 � x 2 � x � 1

WRITE ON
53. Write your own definition of a polynomial. 54. Is x 2 � �

1
x� � 2 a polynomial? Why or why not?

55. Is x�2 � x � 3 a polynomial? Why or why not? 56. Explain how to find the degree of a polynomial in one
variable.

57. The degree of x 4 is 4. What is the degree of 74? Why? 58. What does “evaluate a polynomial” mean?

MASTERY TEST
If you know how to do these problems, you have learned your lesson!

59. Evaluate 2x 2 � 3x � 10 when x � 2. 60. If P(x) � 3x 3 � 7x � 9, find P(3).

61. When t � 2.5, what is the value of �16t 2 � 118?

72. The amount of waste recovered (in millions of tons)
in the United States can be approximated by
R(t) � 0.04t 2 � 0.59t � 7.42, where t is the number of
years after 1960.

a. How many million tons were recovered in 1960?

b. How many million tons would you predict will be
recovered in the year 2010?

73. Refer to Example 7.

a. Use the graph to find the BAL for a female after
2 hours.

b. Use the graph to find the BAL for a male after 
2 hours.

c. Evaluate y � �0.0257x � 0.1663 for x � 2. Is the
answer close to that of part a?

d. Evaluate y � �0.0226x � 0.1509 for x � 2. Is the
answer close to that of part b?

51. In the metric system, the velocity after t seconds of an
object thrown downward with an initial velocity v 0 is
given by

�9.8t � v 0 (meters)

What would be the velocity of a ball thrown downward
with an initial velocity of 2 meters per second after

a. 1 second?

b. 2 seconds?

52. The height of an object after t seconds have elapsed
depends on two factors: the initial velocity v 0 and
the height s 0 from which the object is thrown. The
polynomial giving this height is

�16t 2 � v 0 t � s 0 (feet)

where v0 is the initial velocity and s0 is the height from
which the object is thrown. What would be the height
of a ball thrown downward from a 300-foot tower with
an initial velocity of 10 feet per second after

a. 1 second? b. 2 seconds?
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