
2C H A P T E R

Linear Equations 
in One Variable

1
0

500

1000

2 3 4 5 6 7 8 9 10 11 12

C
hi

ld
’s

 d
os

ag
e 

(m
g)

Age of child (yr)

Adult dose

ome ancient peoples chewed on leaves to cure their headaches.
Thousands of years ago, the Egyptians used honey, salt, cedar oil,
and sycamore bark to cure illnesses. Currently, some of the indige-

nous people of North America use black birch as a pain reliever.
Today, we are grateful for the miracles of modern medicine and the

seemingly simple cures for illnesses. From our own experiences we know
that just the right amount of a drug can work wonders but too much of a drug
can do great harm. Even though physicians often prescribe the same drug for
children and adults, the amount given must be tailored to the individual. The
portion of a drug given to children is usually reduced on the basis of factors
such as the weight and height of the child. Likewise, older adults fre-
quently need a lower dosage of medication than what would be prescribed
for a younger, more active person.

Various algebraic formulas have been developed for determining the
proper dosage for a child and an older adult. In Exercises 83 and 84 of
Section 2.4 you will see two formulas that are used to determine a
child’s dosage by using the adult dosage and the child’s age.
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2.1 T H E  A D D I T I O N  A N D  M U L T I P L I C A T I O N
P R O P E R T I E S  O F  E Q U A L I T Y

In Section 1.6, you learned that an equation is a statement that two expressions are
equal. You also learned how to determine whether a number is a solution to an equa-
tion. In this section you will learn systematic procedures for finding solutions to
equations.

The Addition Property of Equality

The equations that we work with in this section and the next two are called linear
equations.

An equation such as 2x � 3 � 0 is a linear equation. We also refer to equations
such as

x � 8 � 0, 3x � 7, 2x � 5 � 9 � 5x, and 3 � 5(x � 1) � �7 � x

as linear equations, because these equations could be written in the form ax � b � 0
using the properties of equality, which we are about to discuss.

If two workers have equal salaries and each gets a $1000 raise, then they still have
equal salaries after the raise.This example illustrates the addition property of equality.

To solve an equation means to find all of the solutions to the equation. The set of all
solutions to an equation is the solution set to the equation. Equations that have the
same solution set are equivalent equations. In our first example, we will use the ad-
dition property of equality to solve an equation.

E X A M P L E  1 Adding the same number to both sides
Solve x � 3 � �7.

Solution
We can remove the 3 from the left side of the equation by adding 3 to each side of
the equation:

x � 3 � �7
x � 3 � 3 � �7 � 3 Add 3 to each side.

x � 0 � �4 Simplify each side.

x � �4 Zero is the additive identity.

The Addition Property of Equality

Adding the same number to both sides of an equation does not change the
solution to the equation. In symbols, if a � b, then

a � c � b � c.

Linear Equation

A linear equation in one variable x is an equation that can be written in the
form

ax � b � 0,

where a and b are real numbers and a � 0.
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h e l p f u l h i n t

Think of an equation like a bal-
ance scale.To keep the scale in
balance, what you add to one
side you must also add to the
other side.

3 3

x – 3 –7

I n t h i s

s e c t i o n

� The Addition Property of
Equality

� The Multiplication Property
of Equality

� Variables on Both Sides

� Applications



Since �4 satisfies the last equation, it should also satisfy the original equation
because all of the previous equations are equivalent. Check that �4 satisfies the
original equation by replacing x by �4:

x � 3 � �7 Original equation

�4 � 3 � �7 Replace x by �4.

�7 � �7 Simplify.

Since �4 � 3 � �7 is correct, ��4 � is the solution set to the equation. �

In Example 1, we used addition to isolate the variable on the left-hand side of
the equation. Once the variable is isolated, we can determine the solution to the
equation. Because subtraction is defined in terms of addition, we can also use sub-
traction to isolate the variable.

E X A M P L E  2 Subtracting the same number from both sides
Solve 9 � x � �2.

Solution
We can remove the 9 from the left side by adding �9 to each side or by subtracting 9
from each side of the equation:

9 � x � �2

9 � x � 9 � �2 � 9 Subtract 9 from each side.

x � �11 Simplify each side.

Check that �11 satisfies the original equation by replacing x by �11:

9 � x � �2 Original equation

9 � (�11) � �2 Replace x by �11.

Since 9 � (�11) � �2 is correct, ��11� is the solution set to the equation. �

Our goal in solving equations is to isolate the variable. In the first two examples,
the variable was isolated on the left side of the equation. In the next example, we
isolate the variable on the right side of the equation.

E X A M P L E  3 Isolating the variable on the right side

Solve �
1
2

� � ��
1
4

� � y.

Solution
We can remove ��

1
4

� from the right side by adding �
1
4

� to both sides of the equation:

� � � y

� � � � y � Add �
1
4

� to each side.

� y Simplify each side.
3
�
4

1
�
4

1
�
4

1
�
4

1
�
2

1
�
4

1
�
2
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s t u d y t i p

Think! Thinking is the manipu-
lation of facts and principles.
Your thinking will be as clear
as your understanding of the
facts and principles.



Check that satisfies the original equation by replacing y by :

� � � y Original equation

� � � Replace y by .

� Simplify.

Since � is correct, � � is the solution set to the equation. �

The Multiplication Property of Equality

To isolate a variable that is involved in a product or a quotient, we need the multi-
plication property of equality.

If the variable in an equation is divided by a number, we can isolate the variable by
multiplying each side of the equation by the divisor as in the next example.

E X A M P L E  4 Multiplying both sides by the same number

Solve �
2
z

� � 6.

Solution
We isolate the variable z by multiplying each side of the equation by 2.

�
2
z

� � 6 Original equation

2 � �
2
z

� � 2 � 6 Multiply each side by 2.

1z � 12 Because 2 � �
2
z

� � 2 � �
1
2

�z � 1z

z � 12 Multiplicative identity

Because � 6, �12� is the solution set to the equation. �

Because dividing by a number is the same as multiplying by its reciprocal, the
multiplication property of equality allows us to divide each side of the equation by
any nonzero number.

12
�
2

The Multiplication Property of Equality

Multiplying both sides of an equation by the same nonzero number does not
change the solution to the equation. In symbols, if a � b and c � 0, then

ac � bc.

3
�
4

2
�
4

1
�
2

2
�
4

1
�
2

3
�
4

3
�
4

1
�
4

1
�
2

1
�
4

1
�
2

3
�
4

3
�
4
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s t u d y t i p

Don’t simply work exercises to
get answers. Keep reminding
yourself of what it is that you
are doing. Keep trying to get
the big picture. How does this
section relate to what we did
in the last section? Where are
we going next? When is the
picture complete?



E X A M P L E  5 Dividing both sides by the same number
Solve �5w � 30.

Solution
Since w is multiplied by �5, we can isolate w by multiplying by � or by dividing
each side by �5:

�5w � 30 Original equation

�
�

�

5
5
w

� � �
�

30
5
� Divide each side by �5.

1 � w � �6 Because �
�
�

5
5

� � 1

w � �6 Multiplicative identity

Because �5(�6) � 30, ��6� is the solution set to the equation. �

In the next example, the coefficient of the variable is a fraction. We could divide
each side by the coefficient as we did in Example 5, but it is easier to multiply each
side by the reciprocal of the coefficient.

E X A M P L E  6 Multiplying by the reciprocal

Solve �
2
3

� p � 40.

Solution
Multiply each side by �

3
2

�, the reciprocal of �
2
3

�, to isolate p on the left side.

�
2
3

�p � 40

�
3
2

� � �
2
3

�p � �
3
2

� � 40 Multiply each side by �
3
2

�.

1 � p � 60 Multiplicative inverses

p � 60 Multiplicative identity

Because �
2
3

� � 60 � 40, we can be sure that the solution set is �60�. �

If the coefficient of the variable is an integer, we usually divide each side by that
integer, as in Example 5. If the coefficient of the variable is a fraction, we usually
multiply each side by the reciprocal of the fraction as in Example 6.

If �x appears in an equation, we can multiply by �1 to get x, because
�1(�x) � �(�x) � x.

E X A M P L E  7 Multiplying by �1
Solve �h � 12.

Solution
Multiply each side by �1 to get h on the left side.

�h � 12

�1 (�h) � �1 � 12

h � �12

Since �(�12) � 12, the solution set is ��12�. �

1
�
5
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h e l p f u l h i n t

You could solve this equation
by multiplying each side by 3
to get 2p � 120, and then di-
viding each side by 2 to get
p � 60.



Variables on Both Sides

In the next example, the variable occurs on both sides of the equation. Because the
variable represents a real number, we can still isolate the variable by using the
addition property of equality.

E X A M P L E  8 Subtracting an algebraic expression from both sides
Solve �9 � 6y � 7y.

Solution
The expression 6y can be removed from the left side of the equation by subtracting
6y from both sides.

�9 � 6y � 7y

�9 � 6y � 6y � 7y � 6y Subtract 6y from each side.

�9 � y Simplify each side.

Check by replacing y by �9 in the original equation:

�9 � 6(�9) � 7(�9)

�63 � �63

The solution set to the equation is ��9�. �

Applications

In the next example, we use the multiplication property of equality in an applied
situation.

E X A M P L E  9 Population density
In 1990, San Francisco had �

2
3

� as many people per hectare as New York (U.S. Bureau 
of Census, www.census.gov). The population density of San Francisco was 60 peo-
ple per hectare. What was the population density of New York?

Solution
If p represents the population density of New York, then �

2
3

� p � 60. To find p, solve
the equation:

p � 60

�
3
2

� � p � �
3
2

� � 60 Multiply each side by �
3
2

�.

p � 90 Simplify.

So the population density of New York was 90 people per hectare. �

2
�
3

2
�
3

70 (2–6) Chapter 2 Linear Equations in One Variable

h e l p f u l h i n t

It does not matter whether
the variable ends up on the
left or right side of the equa-
tion. Whether we get y � �9
or �9 � y we can still con-
clude that the solution is �9.



True or false? Explain your answer.

1. The solution to x � 5 � 5 is 10. True

2. The equation �
2
x

� � 4 is equivalent to the equation x � 8. True

3. To solve �
3
4

�y � 12, we should multiply each side by �
3
4

�. False

4. The equation �
7
x

� � 4 is equivalent to �
1
7

�x � 4. True

5. Multiplying each side of an equation by any real number will result in an
equation that is equivalent to the original equation. False

6. To isolate t in 2t � 7 � t, subtract t from each side. True

7. To solve �
2
3
r
� � 30, we should multiply each side by �

3
2

�. True

8. Adding any real number to both sides of an equation will result in an
equation that is equivalent to the original equation. True

9. The equation 5x � 0 is equivalent to x � 0. True

10. The solution to 2x � 3 � x � 1 is 4. True
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E X E R C I S E S2 . 1

W A R M - U P S

Reading and Writing After reading this section, write out
the answers to these questions. Use complete sentences.
1. What does the addition property of equality say?

The addition property of equality says that adding the
same number to each side of an equation does not
change the solution to the equation.

2. What are equivalent equations?
Equivalent equations are equations that have the same
solution set.

3. What is the multiplication property of equality?
The multiplication property of equality says that mul-
tiplying both sides of an equation by the same nonzero
number does not change the solution to the equation.

4. What is a linear equation in one variable?
A linear equation in one variable is an equation of the
form ax � b � 0 where a � 0.

5. How can you tell if your solution to an equation is
correct?
Replace the variable in the equation with your solution.
If the resulting statement is correct, then the solution is
correct.

6. To obtain an equivalent equation, what are you not al-
lowed to do to both sides of the equation?
In solving equations, you are not allowed to multiply or
divide both sides by 0.

Solve each equation. Show your work and check your an-
swer. See Example 1.
7. x � 6 � �5 �1� 8. x � 7 � �2 �5�
9. �13 � x � �4 �9� 10. �8 � x � �12 ��4�

11. y � �
1
2

� � �
1
2

� �1� 12. y � �
1
4

� � �
1
2

� ��
3
4

��
13. w � �

1
3

� � �
1
3

� ��
2
3

�� 14. w � �
1
3

� � �
1
2

� ��
5
6

��
Solve each equation. Show your work and check your an-
swer. See Example 2.

15. x � 3 � �6 ��9� 16. x � 4 � �3 ��7�
17. 12 � x � �7 ��19� 18. 19 � x � �11 ��30�

19. t � �
1

2
� � �

3

4
� ��

1

4
�� 20. t � �

1

3
� � 1 ��

2
3

��
21. �

1
1
9
� � m � �

1
1
9
� �0� 22. �

1
3

� � n � �
1
2

� ��
1
6

��
Solve each equation. Show your work and check your an-
swer. See Example 3.
23. 2 � x � 7 ��5� 24. 3 � x � 5 ��2�
25. �13 � y � 9 ��4� 26. �14 � z � 12 ��2�
27. 0.5 � �2.5 � x �3� 28. 0.6 � �1.2 � x �1.8�

29. �
1
8

� � ��
1
8

� � r ��
1
4

�� 30. �
1
6

� � ��
1
6

� � h ��
1
3

��
Solve each equation. Show your work and check your an-
swer. See Example 4.

31. �
2
x

� � �4 ��8� 32. �
3
x

� � �6 ��18�

33. 0.03 � �
6
y

0
� �1.8� 34. 0.05 � �

8
y

0
� �4�



93. Advancers and decliners. On Thursday, �
1
2
3
5
� of the stocks

traded on the New York Stock Exchange advanced in
price. If 1495 stocks advanced, then how many stocks
were traded on that day? 2875 stocks

94. Accidental deaths. In 1996, �
2
5
3
0
� of all accidental deaths

in the U.S. were the result of automobile accidents
(National Center for Health Statistics, www.nchs.gov).
If there were 43,194 deaths due to automobile accidents,
then how many accidental deaths were there in 1996?
93,900

35. �
a

2
� � �

1
3

� ��
2
3

�� 36. �
b

2
� � �

1
5

� ��
2
5

��
37. �

1
6

� � �
3
c

� ��
1
2

�� 38. �
1
1
2
� � �

d

3
� ��

1
4

��
Solve each equation. Show your work and check your an-
swer. See Example 5.
39. �3x � 15 ��5� 40. �5x � �20 �4�
41. 20 � 4y �5� 42. 18 � �3a ��6�
43. 2w � 2.5 �1.25� 44. �2x � �5.6 �2.8�

45. 5 � 20x ��
1
4

�� 46. �3 � 27d ���
1
9

��
Solve each equation. Show your work and check your an-
swer. See Example 6.

47. �
3
2

�x � �3 ��2� 48. �
2
3

�x � �8 ��12�

49. 90 � �
3
4
y
� �120� 50. 14 � �

7
8
y
� �16�

51. ��
3
5

�w � ��
1
3

� ��
5
9

�� 52. ��
5
2

�t � ��
3
5

� ��
2
6
5
��

53. �
2
3

� � ��
4
3
x
� ���

1
2

�� 54. �
1

1

4
� � ��

6

7

p
� ���

1
1
2
��

Solve each equation. Show your work and check your an-
swer. See Example 7.
55. �x � 8 ��8� 56. �x � 4 ��4�

57. �y � ��
1
3

� ��
1
3

�� 58. �y � ��
7
8

� ��
7
8

��
59. 3.4 � �z ��3.4� 60. 4.9 � �t ��4.9�
61. �k � �99 �99� 62. �m � �17 �17�

Solve each equation. Show your work and check your an-
swer. See Example 8.
63. 4x � 3x � 7 ��7� 64. 3x � 2x � 9 �9�
65. 9 � 6y � �5y �9� 66. 12 � 18w � �17w �12�
67. �6x � 8 � 7x �8� 68. �3x � �6 � 4x ��6�

69. �
1
2

�c � 5 � �
1
2

�c �5� 70. ��
1
2

�h � 13 � �
3
2

�h �13�

Use the appropriate property of equality to solve each
equation.
71. 12 � x � 17 ��5� 72. �3 � x � 6 ��9�

73. �
3

4
� y � �6 ��8� 74. �

5

9
� z � �10 ��18�

75. �3.2 � x � �1.2 �2�
76. t � 3.8 � �2.9 �0.9�

77. 2a � �
1

3
� ��

1

6
�� 78. �3w � �

1

2
� ���

1
6

��
79. �9m � 3 ���

1
3

�� 80. �4h � �2 ��
1
2

��
81. �b � �44 �44� 82. �r � 55 ��55�
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83. �
2

3
�x � �

1

2
� ��

3
4

�� 84. �
3

4
�x � �

1

3
� ��

4
9

��
85. �5x � 7 � 6x �7�

86. ��
1

2
� � 3y � 4y ���

1
2

��
87. �

5

7

a
� � �10 ��14�

88. �
1

7

2

r
� � �14 ��24�

89. �
1

2
�v � ��

1
2

�v � �
3
8

� ��
3
8

��
90. �

1

3
�s � �

7

9
� � �

4

3
�s ��

7
9

��
Solve each problem by writing and solving an equation. See
Example 9.
91. Cigarette consumption. In 1999, cigarette consump-

tion in the U.S. was 125 packs per capita. This rate of
consumption was �

5
8

� of what it was in 1980. Find the rate
of consumption in 1980.
200 packs per capita

92. World grain demand. Freeport McMoRan projects that
in 2010 world grain supply will be 1.8 trillion metric
tons and the supply will be only �

3
4

� of world grain de-
mand. What will world grain demand be in 2010?
2.4 trillion metric tons

F I G U R E  F O R  E X E R C I S E  9 2
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S O L V I N G  G E N E R A L  L I N E A R  
E Q U A T I O N S

All of the equations that we solved in Section 2.1 required only a single application
of a property of equality. In this section you will solve equations that require more
than one application of a property of equality.

Equations of the Form ax � b � 0

To solve an equation of the form ax � b � 0 we might need to apply both the
addition property of equality and the multiplication property of equality.

E X A M P L E  1 Using the addition and multiplication properties of equality
Solve 3r � 5 � 0.

Solution
To isolate r, first add 5 to each side, then divide each side by 3.

3r � 5 � 0 Original equation

3r � 5 � 5 � 0 � 5 Add 5 to each side.

3r � 5 Combine like terms.

� Divide each side by 3.

r � Simplify.

Checking �
5
3

� in the original equation gives 

3 � � 5 � 5 � 5 � 0.

So ��
5
3

�� is the solution set to the equation. �

It is usually best to use the addition property of equality first
and the multiplication property last.

E X A M P L E  2 Using the addition and multiplication properties of equality

Solve ��
2
3

�x � 8 � 0.

Solution
To isolate x, first subtract 8 from each side, then multiply each side by ��

3
2

�.

��
2
3

�x � 8 � 0 Original equation

��
2
3

�x � 8 � 8 � 0 � 8 Subtract 8 from each side.

��
2
3

�x � �8 Combine like terms.

��
3
2

����
2
3

�x� � ��
3
2

� (�8) Multiply each side by ��
3
2

�.

x � 12 Simplify.

5
�
3

5
�
3

5
�
3

3r
�
3

I n t h i s

s e c t i o n

� Equations of the Form 
ax � b � 0

� Equations of the Form 
ax � b � cx � d

� Equations with Parentheses

� Applications

h e l p f u l h i n t

If we divide by 3 first, we
would get r � �

5
3

� � 0. Then
add �

5
3

� to each side to get r �

�
5
3

�. Although we get the cor-
rect answer, we usually save
division to the last step so that
fractions do not appear until
necessary.

C A U T I O N



Checking 12 in the original equation gives

� (12) � 8 � �8 � 8 � 0.

So �12� is the solution set to the equation. �

Equations of the Form ax � b � cx � d

In solving equations our goal is to isolate the variable. We use the addition property
of equality to eliminate unwanted terms. Note that it does not matter whether the
variable ends up on the right or left side. For some equations we will perform fewer
steps if we isolate the variable on the right side.

E X A M P L E  3 Isolating the variable on the right side
Solve 3w � 8 � 7w.

Solution
To eliminate the 3w from the left side, we can subtract 3w from both sides.

3w � 8 � 7w Original equation

3w � 8 � 3w � 7w � 3w Subtract 3w from each side.

�8 � 4w Simplify each side.

� � Divide each side by 4.

�2 � w Simplify.

To check, replace w with �2 in the original equation:

3w � 8 � 7w Original equation

3(�2) � 8 � 7(�2)

�14 � �14

Since �2 satisfies the original equation, the solution set is ��2�. �

You should solve the equation in Example 3 by isolating the variable on the left side
to see that it takes more steps. In the next example, it is simplest to isolate the vari-
able on the left side.

E X A M P L E  4 Isolating the variable on the left side

Solve �
1
2

�b � 8 � 12.

Solution
To eliminate the 8 from the left side, we add 8 to each side.

b � 8 � 12 Original equation

b � 8 � 8 � 12 � 8 Add 8 to each side.

b � 20 Simplify each side.

2 � b � 2 � 20 Multiply each side by 2.

b � 40 Simplify.

1
�
2

1
�
2

1
�
2

1
�
2

4w
�
4

8
�
4

2
�
3
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s t u d y t i p

As you leave class, talk to a
classmate about what hap-
pened in class. What was the
class about? What new terms
were mentioned and what do
they mean? How does this les-
son fit in with the last lesson?



To check, replace b with 40 in the original equation:

b � 8 � 12 Original equation

(40) � 8 � 12

12 � 12

Since 40 satisfies the original equation, the solution set is �40�. �

It does not matter whether the variable is isolated on the left side or the right
side. However, you should decide where you want the variable isolated before you
begin to solve the equation.

E X A M P L E  5 Solving ax � b � cx � d

Solve 2m � 4 � 4m � 10.

Solution
First, we decide to isolate the variable on the left side. So we must eliminate the 4
from the left side and eliminate 4m from the right side:

2m � 4 � 4m � 10
2m � 4 � 4 � 4m � 10 � 4 Add 4 to each side.

2m � 4m � 6 Simplify each side.

2m � 4m � 4m � 6 � 4m Subtract 4m from each side.

�2m � �6 Simplify each side.

�
�

�

2
2
m

� � �
�

�

6
2
� Divide each side by �2.

m � 3 Simplify.

To check, replace m by 3 in the original equation:

2m � 4 � 4m � 10 Original equation

2 � 3 � 4 � 4 � 3 � 10
2 � 2

Since 3 satisfies the original equation, the solution set is �3�. �

Equations with Parentheses

Equations that contain parentheses or like terms on the same side should be simpli-
fied as much as possible before applying any properties of equality.

E X A M P L E  6 Simplifying before using properties of equality
Solve 2(q � 3) � 5q � 8(q � 1).

Solution
First remove parentheses and combine like terms on each side of the equation.

2(q � 3) � 5q � 8(q � 1) Original equation

2q � 6 � 5q � 8q � 8 Distributive property

7q � 6 � 8q � 8 Combine like terms.

7q � 6 � 6 � 8q � 8 � 6 Add 6 to each side.

7q � 8q � 2 Combine like terms.

7q � 8q � 8q � 2 � 8q Subtract 8q from each side.

1
�
2

1
�
2
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Take good notes. Good note
taking is the key to mastering
the material. It helps you to
concentrate in class and pro-
vides a source for review.
Learn to listen effectively.



�q � �2

�1(�q) � �1(�2) Multiply each side by �1.

q � 2 Simplify.

To check, we replace q by 2 in the original equation and simplify:

2(q � 3) � 5q � 8(q � 1) Original equation

2(2 � 3) � 5(2) � 8(2 � 1) Replace q by 2.

2(�1) � 10 � 8(1)

8 � 8

Because both sides have the same value, the solution set is �2�. �
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c a l c u l a t o r  c l o s e - u p

You can check an equation by entering the equation on the
home screen as shown here. The equal sign is in the TEST
menu.

When you press ENTER, the calculator returns the num-
ber 1 if the equation is true or 0 if the equation is false.Since the
calculator shows a 1, we can be sure that 2 is the solution.

Strategy for Solving Equations

1. Remove parentheses and combine like terms to simplify each side as much
as possible.

2. Use the addition property of equality to get like terms from opposite sides
onto the same side so that they may be combined.

3. The multiplication property of equality is generally used last.
4. Multiply each side of �x � a by �1 to get x � �a.
5. Check that the solution satisfies the original equation.

Linear equations can vary greatly in appearance, but there is a strategy that you
can use for solving any of them. The following strategy summarizes the techniques
that we have been using in the examples. Keep it in mind when you are solving
linear equations.

Applications

Linear equations occur in business situations where there is a fixed cost and a per
item cost. A mail order company might charge $3 plus $2 per CD for shipping and
handling. A lawyer might charge $300 plus $65 per hour for handling your lawsuit.
AT&T might charge 10 cents per minute plus $4.95 for long distance calls. The next
example illustrates the kind of problem that can be solved in this situation.

E X A M P L E  7 Long distance charges
With AT&T’s One Rate plan you are charged 10 cents per minute plus $4.95 for
long distance service for one month. If a long distance bill is $8.65, then what is the
number of minutes used?



Solution
Let x represent the number of minutes of calls in the month. At $0.10 per minute,
the cost for x minutes is the product 0.10x dollars. Since there is a fixed cost of
$4.95, an expression for the total cost is 0.10x � 4.95 dollars. Since the total cost is
$8.65, we have 0.10x � 4.95 � 8.65. Solve this equation to find x.

0.10x � 4.95 � 8.65
0.10x � 4.95 � 4.95 � 8.65 � 4.95 Subtract 4.95 from each side.

0.10x � 3.70 Simplify.

�
0
0
.
.
1
1
0
0
x

� � �
3
0
.
.
7
1
0
0

� Divide each side by 0.10.

x � 37 Simplify.

So the bill is for 37 minutes. �

True or false? Explain your answer.

1. The solution to 4x � 3 � 3x is 3. True

2. The equation 2x � 7 � 8 is equivalent to 2x � 1. True

3. To solve 3x � 5 � 8x � 7, you should add 5 to each side and subtract 8x
from each side. True

4. To solve 5 � 4x � 9 � 7x, you should subtract 9 from each side and then
subtract 7x from each side. False

5. Multiplying each side of an equation by the same nonzero real number will
result in an equation that is equivalent to the original equation. True

6. To isolate y in 3y � 7 � 6, divide each side by 3 and then add 7 to each
side. False

7. To solve �
3
4
w
� � 300, we should multiply each side by �

4
3

�. True

8. The equation �n � 9 is equivalent to n � �9. True

9. The equation �y � �7 is equivalent to y � 7. True

10. The solution to 7x � 5x is 0. True
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E X E R C I S E S2 . 2

Reading and Writing After reading this section, write out
the answers to these questions. Use complete sentences.
1. What properties of equality do you apply to solve 

ax � b � 0?
We can solve ax � b � 0 with the addition property
and the multiplication property of equality.

2. Which property of equality is usually applied last?
The multiplication property of equality is usually
applied last.

3. What property of equality is used to solve �x � 8?
Use the multiplication property of equality to solve
�x � 8.

4. What is usually the first step in solving an equation in-
volving parentheses?
If an equation involves parentheses, then we first
remove the parentheses.

Solve each equation. Show your work and check your an-
swer. See Examples 1 and 2.
5. 5a � 10 � 0 �2� 6. 8y � 24 � 0 ��3�
7. �3y � 6 � 0 ��2� 8. �9w � 54 � 0 ��6�

9. 3x � 2 � 0 ��
2
3

�� 10. 5y � 1 � 0 ���
1
5

��
11. 2p � 5 � 0 ���

5
2

�� 12. 9z � 8 � 0 ��
8
9

��
13. �

1
2

�w � 3 � 0 �6� 14. �
3
8

�t � 6 � 0 ��16�

15. ��
2
3

�x � 8 � 0 �12� 16. ��
1
7

�z � 5 � 0 ��35�

17. �m � �
1
2

� � 0 ��
1
2

�� 18. �y � �
3
4

� � 0 ���
3
4

��



19. 3p � �
1
2

� � 0 ���
1
6

�� 20. 9z � �
1
4

� � 0 ��
3
1
6
��

Solve each equation. See Examples 3 and 4.
21. 6x � 8 � 4x �4� 22. 9y � 14 � 2y ��2�

23. 4z � 5 � 2z ��
5
6

�� 24. 3t � t � 3 ���
3
2

��
25. 4a � 9 � 7 �4� 26. 7r � 5 � 47 �6�
27. 9 � �6 � 3b ��5� 28. 13 � 3 � 10s ��1�

29. �
1
2

�w � 4 � 13 �34� 30. �
1
3

�q � 13 � �5 ��54�

31. 6 � �
1
3

�d � �
1
3

�d �9� 32. 9 � �
1
2

�a � �
1
4

�a �12�

33. 2w � 0.4 � 2 �1.2� 34. 10h � 1.3 � 6 �0.73�
35. x � 3.3 � 0.1x �3� 36. y � 2.4 � 0.2y �2�

Solve each equation. See Example 5.
37. 3x � 3 � x � 5 �4� 38. 9y � 1 � 6y � 5 �2�
39. 4 � 7d � 13 � 4d ��3� 40. y � 9 � 12 � 6y �3�

41. c � �
1
2

� � 3c � �
1
2

� ��
1
2

�� 42. x � �
1
4

� � �
1
2

� � x ��
3
8

��
43. �

2
3

�a � 5 � �
1
3

�a � 5 �30�

44. �
1
2

�t � 3 � �
1
4

�t � 9 ��24�

Solve each equation. See Example 6.
45. 5(a � 1) � 3 � 28 �6�
46. 2(w � 4) � 1 � 1 ��3�
47. 2 � 3(q � 1) � 10 � (q � 1) ��2�
48. �2(y � 6) � 3(7 � y) � 5 �4�
49. 2(x � 1) � 3x � 6x � 20 �18�
50. 3 � (r � 1) � 2(r � 1) � r �1�

51. 2�y � �
1
2

�� � 4�y � �
1
4

�� � y �0�

52. �
1
2

�(4m � 6) � �
2
3

�(6m � 9) � 3 �0�

Solve each linear equation. Show your work and check
your answer.
53. 5t � �2 � 4t ��2� 54. 8y � 6 � 7y �6�

55. 3x � 7 � 0 ��
7
3

�� 56. 5x � 4 � 0 ���
4
5

��
57. �x � 6 � 5 �1� 58. �x � 2 � 9 ��11�
59. �9 � a � �3 ��6� 60. 4 � r � 6 ��2�
61. 2q � 5 � q � 7 ��12�
62. 3z � 6 � 2z � 7 ��1�
63. �3x � 1 � 5 � 2x ��4�
64. 5 � 2x � 6 � x ��1�
65. �12 � 5x � �4x � 1 66. �3x � 4 � �2x � 8

��13� ��12�
67. 3x � 0.3 � 2 � 2x 68. 2y � 0.05 � y � 1

�1.7� �1.05�
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69. k � 0.6 � 0.2k � 1 70. 2.3h � 6 � 1.8h � 1
�2� ��14�

71. 0.2x � 4 � 0.6 � 0.8x 72. 0.3x � 1 � 0.7x
�4.6� �1�

73. �3(k � 6) � 2 � k �8�
74. �2(h � 5) � 3 � h �7�
75. 2(p � 1) � p � 36 �34�
76. 3(q � 1) � q � 23 �10�
77. 7 � 3(5 � u) � 5(u � 4) �6�
78. v � 4(4 � v) � �2(2v � 1) �2�
79. 4(x � 3) � 12 �0�
80. 5(x � 3) � �15 �0� 81. �

w
5

� � 4 � �6 ��10�

82. � 13 � �22 ��70� 83. �
2
3

�y � 5 � 7 �18�

84. �
3
4

�u � 9 � �6 �4� 85. 4 � �
2
5
n
� � 12 ��20�

86. 9 � �
2
7
m
� � 19 ��35� 87. ��

1
3

� p � �
1
2

� � �
1
2

� ��3�

88. ��
3
4

�z � �
2
3

� � ���
4
3

��
89. 3.5x � 23.7 � �38.75 ��4.3�
90. 3(x � 0.87) � 2x � 4.98 �7.59�
Solve each problem. See Example 7.
91. The practice. A lawyer charges $300 plus $65 per hour

for a divorce. If the total charge for Bill’s divorce was
$1405, then for what number of hours did the lawyer
work on the case? 17 hrs

92. The plumber. A plumber charges $45 plus $26 per hour
to unclog drains. If the bill for unclogging Tamika’s drain
was $123, then for how many hours did the plumber
work? 3 hrs

93. Celsius temperature. If the air temperature in Quebec
is 68° Fahrenheit, then the solution to the equation �

9
5

� C �

32 � 68 gives the Celsius temperature of the air. Find
the Celsius temperature. 20°C

94. Fahrenheit temperature. Water boils at 212°F.
a) Use the accompanying graph to determine the Cel-

sius temperature at which water boils. 100°C
b) Find the Fahrenheit temperature of hot tap water at

70°C by solving the equation

70 � �
5
9

� (F � 32). 158°F

1
�
3

q
�
2

100

50

0

C
el

si
us

 te
m

pe
ra

tu
re

Fahrenheit temperature

0 100 212
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95. Rectangular patio. If a rectangular patio has a length
that is 3 feet longer than its width and a perimeter of 42
feet, then the width can be found by solving the equa-
tion 2x � 2(x � 3) � 42. What is the width? 9 ft
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x ft

x � 3 ft

x � 2 m

x � 1 m

x m
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96. Perimeter of a triangle. The perimeter of the triangle
shown in the accompanying figure is 12 meters. Deter-
mine the values of x, x � 1, and x � 2 by solving the
equation

x � (x � 1) � (x � 2) � 12.
3 m, 4 m, 5 m

97. Cost of a car. Jane paid 9% sales tax and a $150 title
and license fee when she bought her new Saturn for a
total of $16,009.50. If x represents the price of the car,
then x satisfies x � 0.09x � 150 � 16,009.50. Find the
price of the car by solving the equation. $14,550

98. Cost of labor. An electrician charged Eunice $29.96 for
a service call plus $39.96 per hour for a total of $169.82
for installing her electric dryer. If n represents the num-
ber of hours for labor, then n satisfies

39.96n � 29.96 � 169.82.

Find n by solving this equation. 3.5 hrs 

I D E N T I T I E S , C O N D I T I O N A L E Q U A T I O N S ,
A N D I N C O N S I S T E N T E Q U A T I O N S

In this section, we will solve more equations of the type that we solved in Sec-
tions 2.1 and 2.2. However, some equations in this section have infinitely many
solutions, and some have no solution.

Identities

It is easy to find equations that are satisfied by any real number that we choose as a
replacement for the variable. For example, the equations

x � 2 � �
1
2

�x , x � x � 2x, and x � 1 � x � 1

are satisfied by all real numbers. The equation

�
5
x

� � �
5
x

�

is satisfied by any real number except 0 because division by 0 is undefined.

We cannot recognize that the equation in the next example is an identity until we
have simplified each side.

Identity

An equation that is satisfied by every real number for which both sides are
defined is called an identity.

2.3

I n t h i s

s e c t i o n
� Identities

� Conditional Equations

� Inconsistent Equations

� Equations Involving
Fractions

� Equations Involving
Decimals

� Simplifying the Process



E X A M P L E  1 Solving an identity
Solve 7 � 5(x � 6) � 4 � 3 � 2(x � 5) � 3x � 28.

Solution
We first use the distributive property to remove the parentheses:

7 � 5(x � 6) � 4 � 3 � 2(x � 5) � 3x � 28

7 � 5x � 30 � 4 � 3 � 2x � 10 � 3x � 28

41 � 5x � 41 � 5x Combine like terms.

This last equation is true for any value of x because the two sides are identical. So
the solution set to the original equation is the set of all real numbers. �

If you get an equation in which both sides are identical, as in
Example 1, there is no need to continue to simplify the equation. If you do continue,
you will eventually get 0 � 0, from which you can still conclude that the equation
is an identity.

Conditional Equations

The statement 2x � 4 � 10 is true only on condition that we choose x � 3. The
equation x2 � 4 is satisfied only if we choose x � 2 or x � �2. These equations
are called conditional equations.

Conditional Equation

A conditional equation is an equation that is satisfied by at least one real
number but is not an identity.

Every equation that we solved in Sections 2.1 and 2.2 is a conditional equation.

Inconsistent Equations

It is easy to find equations that are false no matter what number we use to replace
the variable. Consider the equation

x � x � 1.

If we replace x by 3, we get 3 � 3 � 1, which is false. If we replace x by 4, we
get 4 � 4 � 1, which is also false. Clearly, there is no number that will satisfy
x � x � 1. Other examples of equations with no solutions include

x � x � 2, x � x � 5, and 0 � x � 6 � 7.

Inconsistent Equation

An equation that has no solution is called an inconsistent equation.

The solution set to an inconsistent equation has no members. The set with no mem-
bers is called the empty set and it is denoted by the symbol 	.

E X A M P L E  2 Solving an inconsistent equation
Solve 2 � 3(x � 4) � 4(x � 7) � 7x.
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Life is a game that holds many
rewards for those who com-
pete. Winning is never an acci-
dent. To win you must know
the rules and have a game
plan.



Solution
Use the distributive property to remove the parentheses:

2 � 3(x � 4) � 4(x � 7) � 7x The original equation

2 � 3x � 12 � 4x � 28 � 7x Distributive property

14 � 3x � �28 � 3x Combine like terms on each side.

14 � 3x � 3x � �28 � 3x � 3x Add 3x to each side.

14 � �28 Simplify.

The last equation is not true for any x. So the solution set to the original equation is
the empty set, 	. The equation is inconsistent. �

Keep the following points in mind in solving equations.
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Summary: Identities and Inconsistent Equations

1. An equation that is equivalent to an equation in which both sides are identi-
cal is an identity. The equation is satisfied by all real numbers for which both
sides are defined.

2. An equation that is equivalent to an equation that is always false is incon-
sistent. The equation has no solution. The solution set is the empty set, 	.

Equations Involving Fractions

We solved some equations involving fractions in Sections 2.1 and 2.2. Here, we will
solve equations with fractions by eliminating all fractions in the first step. All of the
fractions will be eliminated if we multiply each side by the least common
denominator.

E X A M P L E  3 Multiplying by the least common denominator

Solve �
2

y
� � 1 � �

3
y

� � 1

Solution
The least common denominator (LCD) for the denominators 2 and 3 is 6. Since
both 2 and 3 divide into 6 evenly, multiplying each side by 6 will eliminate the
fractions:

6� � 1� � 6� � 1� Multiply each side by 6.

6 � � 6 � 1 � 6 � � 6 � 1 Distributive property

3y � 6 � 2y � 6 Simplify: 6 � � 3y

3y � 2y � 12 Add 6 to each side.

y � 12 Subtract 2y from each side.

Check 12 in the original equation:

�
1
2
2
� � 1 � �

1
3
2
� � 1

5 � 5

Since 12 satisfies the original equation, the solution set is �12�. �

y
�
2

y
�
3

y
�
2

y
�
3

y
�
2

h e l p f u l h i n t

Note that the fractions in
Example 3 will be eliminated
if you multiply each side of
the equation by any number
divisible by both 2 and 3. For
example, multiplying by 24
yields

12y � 24 � 8y � 24
4y � 48

y � 12.



Equations involving fractions are usually easier to solve if we first multiply each
side by the LCD of the fractions.

Equations Involving Decimals

When an equation involves decimal numbers, we can work with the decimal num-
bers or we can eliminate all of the decimal numbers by multiplying both sides by
10, or 100, or 1000, and so on. Multiplying a decimal number by 10 moves the dec-
imal point one place to the right. Multiplying by 100 moves the decimal point two
places to the right, and so on.

E X A M P L E  4 An equation involving decimals
Solve 0.3p � 8.04 � 12.6.

Solution
The largest number of decimal places appearing in the decimal numbers of the equa-
tion is two (in the number 8.04). Therefore we multiply each side of the equation
by 100 because multiplying by 100 moves decimal points two places to the right:

0.3p � 8.04 � 12.6 Original equation

100(0.3p � 8.04) � 100(12.6) Multiplication property of equality

100(0.3p) � 100(8.04) � 100(12.6) Distributive property

30p � 804 � 1260

30p � 804 � 804 � 1260 � 804 Subtract 804 from each side.

30p � 456

�
3
3
0
0
p

� � �
4
3
5
0
6

� Divide each side by 30.

p � 15.2

You can use a calculator to check that

0.3(15.2) � 8.04 � 12.6.

The solution set is �15.2�. �

E X A M P L E  5 Another equation with decimals
Solve 0.5x � 0.4(x � 20) � 13.4

Solution
First use the distributive property to remove the parentheses:

0.5x � 0.4(x � 20) � 13.4 Original equation

0.5x � 0.4x � 8 � 13.4 Distributive property

10(0.5x � 0.4x � 8) � 10(13.4) Multiply each side by 10.

5x � 4x � 80 � 134 Simplify.

9x � 80 � 134 Combine like terms.

9x � 80 � 80 � 134 � 80 Subtract 80 from each side.

9x � 54 Simplify.

x � 6 Divide each side by 9.
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h e l p f u l h i n t

After you have used one of the
properties of equality on each
side of an equation, be sure to
simplify all expressions as
much as possible before using
another property of equality.
This step is like making sure
that all of the injured football
players are removed from the
field before proceeding to the
next play.



Check 6 in the original equation:

0.5(6) � 0.4(6 � 20) � 13.4 Replace x by 6.

3 � 0.4(26) � 13.4

3 � 10.4 � 13.4

Since both sides of the equation have the same value, the solution set is �6�. �

If you multiply each side by 10 in Example 5 before using the
distributive property, be careful how you handle the terms in parentheses:

10 � 0.5x � 10 � 0.4(x � 20) � 10 � 13.4

5x � 4(x � 20) � 134

It is not correct to multiply 0.4 by 10 and also to multiply x � 20 by 10.

Simplifying the Process

It is very important to develop the skill of solving equations in a systematic way,
writing down every step as we have been doing. As you become more skilled at
solving equations, you will probably want to simplify the process a bit. One way to
simplify the process is by writing only the result of performing an operation on each
side. Another way is to isolate the variable on the side where the variable has the
larger coefficient, when the variable occurs on both sides. We use these ideas in the
next example and in future examples in this text.

E X A M P L E  6 Simplifying the process
Solve each equation.

a) 2a � 3 � 0 b) 2k � 5 � 3k � 1

Solution
a) Add 3 to each side, then divide each side by 2:

2a � 3 � 0

2a � 3 Add 3 to each side.

a � �
3
2

� Divide each side by 2.

Check that �
3
2

� satisfies the original equation. The solution set is ��
3
2

��.
b) For this equation we can get a single k on the right by subtracting 2k from each

side. (If we subtract 3k from each side, we get �k, and then we need another step.)

2k � 5 � 3k � 1

5 � k � 1 Subtract 2k from each side.

4 � k Subtract 1 from each side.

Check that 4 satisfies the original equation. The solution set is �4�. �

True or false? Explain your answer.

1. The equation x � x � 99 has no solution. True

2. The equation 2n � 3n � 5n is an identity. True

3. The equation 2y � 3y � 4y is inconsistent. False
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s t u d y t i p

I hear and I forget; I see and I
remember; I do and I under-
stand. There is no substitute
for doing exercises, lots of
exercises.



(continued)

4. All real numbers satisfy the equation 1 � x � �
1
x

�. False

5. The equation 5a � 3 � 0 is an inconsistent equation. False

6. The equation 2t � t is a conditional equation. True

7. The equation w � 0.1w � 0.9w is an identity. True

8. The equation 0.2x � 0.03x � 8 is equivalent to 20x � 3x � 8. False

9. The equation �
x
x

� � 1 is an identity. True

10. The solution to 3h � 8 � 0 is �
8
3

�. True
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Reading and Writing After reading this section, write out the
answers to these questions. Use complete sentences.
1. What is an identity?

An identity is an equation that is satisfied by all numbers
for which both sides are defined.

2. What is a conditional equation?
A conditional equation has at least one solution but is
not an identity.

3. What is an inconsistent equation?
An inconsistent equation has no solutions.

4. What is the usual first step when solving an equation in-
volving fractions?
If an equation involves fractions we usually multiply
each side by the LCD of all of the fractions.

5. What is a good first step for solving an equation involv-
ing decimals?
If an equation involves decimals we usually multiply
each side by a power of 10 to eliminate all decimals.

6. Where should the variable be when you are finished
solving an equation?
The goal is to get the variable isolated on one side of the
equation.

Solve each equation. Identify each as a conditional equation,
an inconsistent equation, or an identity. See Examples 1
and 2.
7. x � x � 2x 8. 2x � x � x

All real numbers, identity All real numbers, identity
9. a � 1 � a � 1 10. r � 7 � r

	, inconsistent 	, inconsistent
11. 3y � 4y � 12y 12. 9t � 8t � 7

�0�, conditional �7�, conditional
13. �4 � 3(w � 1) � w � 2(w � 2) � 1

	, inconsistent
14. 4 � 5(w � 2) � 2(w � 1) � 7w � 4

All real numbers, identity
15. 3(m � 1) � 3(m � 3) 	, inconsistent
16. 5(m � 1) � 6(m � 3) � 4 � m 	, inconsistent

17. x � x � 2 �1�, conditional

18. 3x � 5 � 0 ��
5
3

��, conditional

19. 2 � 3(5 � x) � 3x 	, inconsistent
20. 3 � 3(5 � x) � 0 �4�, conditional
21. (3 � 3)(5 � z) � 0 All real numbers, identity
22. (2 � 4 � 8)p � 0 All real numbers, identity

23. �
0
x

� � 0 All nonzero real numbers, identity

24. �
2
2
x
� � x All real numbers, identity

25. x � x � x2 All real numbers, identity

26. �
2
2
x
x
� � 1 All nonzero real numbers, identity

Solve each equation by first eliminating the fractions. See
Example 3.

27. �
2
x

� � 3 � x � �
1
2

� �7� 28. 13 � �
2
x

� � x � �
1
2

� �9�

29. �
2
x

� � �
3
x

� � 20 �24� 30. �
2
x

� � �
3
x

� � 5 �30�

31. �
w
2

� � �
w
4

� � 12 �16} 32. �
a
4

� � �
a
2

� � �5 �20�

33. �
3
2
z
� � �

2
3
z
� � �10 ��12�

34. �
3
4
m
� � �

m
2

� � �5 ��4� 35. �
1
3

�p � 5 � �
1
4

�p �60�

36. �
1
2

�q � 6 � �
1
5

�q �20� 37. �
1
6

�v � 1 � �
1
4

�v � 1 �24�

38. �
1
1
5
� k � 5 � �

1
6

�k � 10 �150�

Solve each equation by first eliminating the decimal num-
bers. See Examples 4 and 5.
39. x � 0.2x � 72 �90� 40. x � 0.1x � 63 �70�
41. 0.3x � 1.2 � 0.5x �6�



42. 0.4x � 1.6 � 0.6x ��8�
43. 0.02x � 1.56 � 0.8x ��2�
44. 0.6x � 10.4 � 0.08x ��20�
45. 0.1a � 0.3 � 0.2a � 8.3 �80�
46. 0.5b � 3.4 � 0.2b � 12.4 �30�
47. 0.05r � 0.4r � 27 �60�
48. 0.08t � 28.3 � 0.5t � 9.5 �90�
49. 0.05y � 0.03(y � 50) � 17.5 �200�
50. 0.07y � 0.08(y � 100) � 44.5 �350�
51. 0.1x � 0.05(x � 300) � 105 �800�
52. 0.2x � 0.05(x � 100) � 35 �200�
Solve each equation. If you feel proficient enough, try sim-
plifying the process, as described in Example 6.

53. 2x � 9 � 0 ��
9
2

�� 54. 3x � 7 � 0 ���
7
3

��
55. �2x � 6 � 0 �3� 56. �3x � 12 � 0 ��4�

57. �
5
z

� � 1 � 6 �25� 58. �
2
s

� � 2 � 5 �6�

59. �
2
c

� � 3 � �4 ��2� 60. �
b
3

� � 4 � �7 ��9�

61. 3 � t � 6 ��3� 62. �5 � y � 9 �4�
63. 5 � 2q � 3q �5� 64. �4 � 5p � �4p ��4�
65. 8x � 1 � 9 � 9x ��10�
66. 4x � 2 � �8 � 5x �6�
67. �3x � 1 � �1 � 2x �2�
68. �6x � 3 � �7 � 5x �10�
Solve each equation.
69. 3x � 5 � 2x � 9 ��4�

70. 5x � 9 � x � 4 ��
5
4

��
71. x � 2(x � 4) � 3(x � 3) � 1 All real numbers
72. u � 3(u � 4) � 4(u � 5) 	

73. 23 � 5(3 � n) � �4(n � 2) � 9n All real numbers
74. �3 � 4(t � 5) � �2(t � 3) � 11 �6�
75. 0.05x � 30 � 0.4x � 5 �100�
76. x � 0.08x � 460 �500�

77. ��
2
3

�a � 1 � 2 ���
3
2

�� 78. ��
3
4

�t � �
1
2

� ���
2
3

��
79. �

2
y

� � �
6
y

� � 20 �30� 80. �
3
5
w
� � 1 � �

w
2

� � 1 �20�

81. 0.09x � 0.2(x � 4) � �1.46 �6�
82. 0.08x � 0.5(x � 100) � 73.2 �40�
83. 436x � 789 � �571 �0.5�

84. 0.08x � 4533 � 10x � 69 �450�

85. �
34

x
4

� � 235 � 292 �19,608�

86. 34(x � 98) � �
2
x

� � 475 �113.642�
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Solve each problem.
87. Sales commission. Danielle sold her house through an

agent who charged 8% of the selling price. After the
commission was paid, Danielle received $117,760. If x
is the selling price, then x satisfies

x � 0.08x � 117,760.

Solve this equation to find the selling price.
$128,000

88. Raising rabbits. Before Roland sold two female rab-
bits, half of his rabbits were female. After the sale, only
one-third of his rabbits were female. If x represents his
original number of rabbits, then

�
1
2

�x � 2 � �
1
3

�(x � 2).

Solve this equation to find the number of rabbits that he
had before the sale.
8 rabbits

89. Eavesdropping. Reginald overheard his boss com-
plaining that his federal income tax for 2000 was
$34,276.
a) Use the accompanying graph to estimate his boss’s

taxable income for 2000.
$140,000

b) Find his boss’s exact taxable income for 2000 by
solving the equation

23,965.5 � 0.31(x � 105,950) � 34,276.

$139,210
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90. Federal taxes. According to Bruce Harrell, CPA, the
federal income tax for a class C corporation is found by
solving a linear equation. The reason for the equation is
that the amount x of federal tax is deducted before the
state tax is figured, and the amount of state tax is
deducted before the federal tax is figured. To find the
amount of federal tax for a corporation with a taxable
income of $200,000, for which the federal tax rate is
25% and the state tax rate is 10%, Bruce must solve

x � 0.25[200,000 � 0.10(200,000 � x)].

Solve the equation for Bruce. $46,153.85
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I n t h i s

s e c t i o n

� Solving for a Variable

� Finding the Value of a 
Variable

2.4 F O R M U L A S

In this section, you will learn to rewrite formulas using the same properties of
equality that we used to solve equations. You will also learn how to find the value
of one of the variables in a formula when we know the value of all of the others.

Solving for a Variable

Most drivers know the relationship between distance, rate, and time. For example, if
you drive 70 mph for 3 hours, then you will travel 210 miles. At 60 mph a 300-mile
trip will take 5 hours. If a 400-mile trip took 8 hours, then you averaged 50 mph. The
relationship between distance D, rate R, and time T is expressed by the formula

D � R � T.

A formula or literal equation is an equation involving two or more variables.
To find the time for a 300-mile trip at 60 mph, you are using the formula in the 

form T � �
D
R

�. The process of rewriting a formula for one variable in terms of the 

others is called solving for a certain variable. To solve for a certain variable,
we use the same techniques that we use in solving equations.

E X A M P L E  1 Solving for a certain variable
Solve the formula D � RT for T:

Solution
D � RT Original formula

�
D

R
� � Divide each side by R.

�
D

R
� � T Divide out (or cancel) the common factor R.

T � �
D

R
� It is customary to write the single variable on the left.

�

The formula C � �
5
9

�(F � 32) is used to find the Celsius temperature for a given

Fahrenheit temperature. If we solve this formula for F, then we have a formula for
finding Fahrenheit temperature for a given Celsius temperature.

E X A M P L E  2 Solving for a certain variable
Solve the formula C � �

5
9

�(F � 32) for F.

Solution
We could apply the distributive property to the right side of the equation, but it is
simpler to proceed as follows:

C � �
5
9

�(F � 32)

�
9
5

�C � �
9
5

� � �
5
9

�(F � 32) Multiply each side by �
9
5

�, the reciprocal of �
5
9

�.

R � T
�

R
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�
9
5

�C � F � 32 Simplify.

�
9
5

�C � 32 � F � 32 � 32 Add 32 to each side.

�
9
5

�C � 32 � F Simplify.

The formula is usually written as F � �
9
5

�C � 32. �

When solving for a variable that appears more than once in the equation, we
must combine the terms to obtain a single occurrence of the variable. When a for-
mula has been solved for a certain variable, that variable will not occur on both
sides of the equation.

E X A M P L E  3 Solving for a variable that appears on both sides
Solve 5x � b � 3x � d for x.

Solution
First get all terms involving x onto one side and all other terms onto the other side:

5x � b � 3x � d Original formula

5x � 3x � b � d Subtract 3x from each side.

5x � 3x � b � d Add b to each side.

2x � b � d Combine like terms.

x � �
b �

2
d

� Divide each side by 2.

The formula solved for x is x � �b �
2

d
�. �

In Chapter 4, it will be necessary to solve an equation involving x and y for y.

E X A M P L E  4 Solving for y

Solve x � 2y � 6 for y. Write the answer in the form y � mx � b, where m and b
are fixed real numbers.

Solution
x � 2y � 6 Original equation

2y � 6 � x Subtract x from each side.

�
1
2

� � 2y � �
1
2

� (6 � x) Multiply each side by �
1
2

�.

y � 3 � �
1
2

� x Distributive property

y � ��
1
2

� x � 3 Rearrange to get y � mx � b form. �

Notice that in Example 4 we multiplied each side of the equation by �
1
2

�, and so

we multiplied each term on the right-hand side by �
1
2

�. Instead of multiplying by �
1
2

�,

we could have divided each side of the equation by 2. We would then divide each
term on the right side by 2. This idea is illustrated in the next example.

h e l p f u l h i n t

If we simply wanted to solve
x � 2y � 6 for y, we could
have written

y � or y � .

However, in Example 4 we re-
quested the form y � mx � b.
This form is a popular form
that we will study in detail in
Chapter 4.

�x � 6
�

2

6 � x
�

2



E X A M P L E  5 Solving for y

Solve 2x � 3y � 9 for y. Write the answer in the form y � mx � b, where m and b
are real numbers. (When we study lines in Chapter 4 you will see that y � mx � b
is the slope-intercept form of the equation of a line.)

Solution
2x � 3y � 9 Original equation

�3y � �2x � 9 Subtract 2x from each side.

� Divide each side by �3.

y � � By the distributive property, each term is divided by �3.

y � x � 3 Simplify.
�

Even though we wrote y � �
2
3

� x � 3 in Example 5, the equation is still considered to

be in the form y � mx � b because we could have written y � �
2
3

� x � (�3).

Finding the Value of a Variable

In many situations we know the values of all variables in a formula except one. We
use the formula to determine the unknown value.

2
�
3

9
�
�3

�2x
�
�3

�2x � 9
�

�3
�3y
�
�3
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M A T H  A T  W O R K

N U R S E

Even before the days of Florence Nightingale,
nurses around the world were giving comfort and aid
to the sick and injured. Continuing in this tradition,
Asenet Craffey, staff nurse at the Massachusetts
Eye and Ear Infirmary, works in the intensive care
unit. During her 12-hour shifts, Ms. Craffey is re-
sponsible for the full nursing care of four to eight
patients. In the intensive care unit, the nurse-to-
patient ratio is usually one to one. When Ms.
Craffey is assigned to this unit, she is responsible
for over-all care of a patient as well as being prepared for crisis care. Staff sched-
uling is an additional duty that Ms. Craffey performs, making sure that there is ad-
equate nursing coverage for the day’s planned surgeries and quality patient care.
Full care means being directly involved in all of the patient’s care: monitoring vital
signs, changing dressings, helping to feed, following the prescribed orders left by
the physicians, and administering drugs.

Many drugs come directly from the pharmacy in the exact dosage for a particu-
lar patient. Intravenous (IV) drugs, however, must be monitored so that the correct
amount of drops per minute are administered. IV medications can be glucose solu-
tions, antibiotics, or pain killers. Often the prescribed dosage is 1 gram per 100,
200, 500, or 1000 cubic centimeters of liquid. In Exercise 85 of this section you will
calculate a drug dosage, just as Ms. Craffey would on the job.
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E X A M P L E  6 Finding the value of a variable in a formula
If 2x � 3y � 9, find y when x � 6.

Solution
Method 1: First solve the equation for y. Because we have already solved this
equation for y in Example 5 we will not repeat that process in this example. We have

y � x � 3.

Now replace x by 6 in this equation:

y � (6) � 3

� 4 � 3 � 1

So, when x � 6, we have y � 1.

Method 2: First replace x by 6 in the original equation, then solve for y:

2x � 3y � 9 Original equation

2 � 6 � 3y � 9 Replace x by 6.

12 � 3y � 9 Simplify.

�3y � �3 Subtract 12 from each side.

y � 1 Divide each side by �3.

So when x � 6, we have y � 1. �

If we had to find the value of y for many different values of x, it would be best
to solve the equation for y, then insert the various values of x. Method 1 of Exam-
ple 6 would be the better method. If we must find only one value of y, it does not
matter which method we use. When doing the exercises corresponding to this
example, you should try both methods.

The next example involves the simple interest formula I � Prt, where I is the
amount of interest, P is the principal or the amount invested, r is the annual interest
rate, and t is the time in years. The interest rate is generally expressed as a percent.
When using a rate in computations, you must convert it to a decimal.

E X A M P L E  7 Using the simple interest formula
If the simple interest is $120, the principal is $400, and the time is 2 years, find the rate.

Solution
First, solve the formula I � Prt for r, then insert values of P, I, and t:

Prt � I Simple interest formula

�
P

P

r

t

t
� � �

P

I

t
� Divide each side by Pt.

r � �
P

I

t
� Simplify.

r � Substitute the values of I, P, and t.

r � 0.15 Simplify.

r � 15% Move the decimal point two places to the right. �

In solving a geometric problem, it is always helpful to draw a diagram, as we do
in the next example.

120
�
400 � 2

2
�
3

2
�
3

h e l p f u l h i n t

All interest computation is
based on simple interest.
However, depositors do not
like to wait two years to get
interest as in Example 7. More
often the time is �

1
1
2
� year or

�
3

1
65
� year. Simple interest com-

puted every month is said to
be compounded monthly.
Simple interest computed
every day is said to be com-
pounded daily.


