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1.1 Simplifying Expressions 5

BEQEEE  Simplify 50— 2) — (3x + 4).

SOLUTION We begin by applying the distributive property to remove the paren-
theses. The expression —(3x + 4) can be thought of as —1(3x + 4). Thinking of it
in this way allows us to apply the distributive property:

—1(3x + 4) = —1(3x) + (~1)(4)
=—3x—4
The complete solution looks like this:
S(x—2)— B3x+4)=5x—10—3x— 4 Distributive property

=2x— 14 Combine similar terms

As you can see from the explanation in Example 5, we use the distributive property
to simplify expressions in which parentheses are preceded by a negative sign. In
general we can write

Il

—(a+b=—-1l{atb
—a+ (—b)

=—ag—b

The negative sign outside the parentheses ends up changing the sign of each term
within the parentheses. In words, we say “the opposite of a sum is the sum of the
opposites.”

The Value of an Expression

An expression like 3x + 2 has a certain value depending on what number we
assign to x. For instance, when x is 4, 3x + 2 becomes 3(4) + 2, or 14, When x is
—8, 3x + 2 becomes 3(—8) + 2, or —22. The value of an expression is found by
replacing the variable with a given number.

. EXAMPLE 6 Find the value of the following expressions by replacing
the variable with the given number.

Expression The Variable Value of the Expression
a. 3x—1 x=2 3(2)-1=6—-1=5
b. 7a + 4 a= -3 7(=3)+4=-21+4=~-17
C 2x—3+4x x=-1 2(=1) =3+ 4(—=1) =2 =3+ (~4)
= -9
d. 2x—5—8x x=5 2(5)=5-8(5)=10—5—-40
= —35
e. yt—6y+9 y=4 2 —-64)+9=16—-24+9=1

, .

8
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1.1 Simplifying Expressions 7

The next example is similar to Example 9 but uses tables to display the information.

BT ER[ Fill in the tables below to find the sequences formed by

substituting the first four counting numbers into the expressions 2 and n?.

a n 1 2 3 4 b. » 1 2 3 4
S 2n - n?

RAEESIAE et . g i

SOLUTION Proceeding as we did in the previous example, we substitute the num-
bers 1, 2, 3, and 4 into the given expressions.

a. Whenn=1,2n=2'1=2
Whenn=2,2n=2-2=4
Whenn=3,2n=2:3=6
Whenn=4,2n=2-4=8

As you can see, the expression 27 produces the sequence of even numbers when
n is replaced by the counting numbers. Placing these results into our first table
gives us

n 1 2 3 4

2n 2 4 6 8

NI ——————— S

b. The expression n? produces the sequence of squares when 7 is replaced by 1,
2, 3, and 4. In table form we have

1 2 3 4
a2 1 4 9 16

iy S AR R PO A R 1

: | GETTING READY FORCLASS

| | Afterreading through the preceditig section, respond in your own

- A. What are similarterms? .
B. Explain how the distributive property is used to combine similar
terms. s e s R
| C. Whatlswrongwithwriting3x+4x=7x*2

| D. Explain how you would find the value of 5x + 3 when xis &.
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11  Problem Set 9

62.

64.
85.

67.
68.
69.
70.
7.
72,
75.

76. -

71.
78.
79.
80.
81.
82.
83.
a4,
85.
86.
87.
88.

89, -
90. -

91.
92.
93.
94,
95,

ag.
97. -

98.

99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
108.

484

. 144

10y

_.2x

0.17x 4+ 180
0.1x + 280
0.22x -+ 60
0.14x -+ 48
49

8

40

40

a. 42°F

b. 28°F

c. —14°F

73. Fill in the tables below to find the sequences formed by substituting the first
four counting numbers into the expressions 37 and n>,

a » 1 2 3 4 bh. » 1 2 3 4
3n 3 6 9 12 nw 1 8 271 64

74. Fill in the tables below to find the sequences formed by substituting the first
four counting numbers into the expressions 21 — 1 and 2n + 1.

a g 1 2 3 4 b. » 1 2 3 4
_2n—1 1 3 5 7 n+1 3 L5} I 9

e T B T e A B AT A T | S gt

Find the sequences formed by substituting the first four counting numbers, in
order, into the following expressions.

75. 3n—2 76. 2n — 3 7. n2—2n+1 78 (n—1)

Here are some problems you will see later in the book. Simplify.

79. 7 - 32y + 1) 80. 4(3x — 2) — (6x — 5)

81. 0.08x + 0.09x 82. 0.04x + 0.05x

83 (x+y) +(x—y 84. (—12x — 20y) + (25x + 20y)

85. 3x + 2(x — 2) 86. 2(x — 2) + 3(5%)

87. 4(x + 1) + 3(x — 3) 88. 5(x + 1) + 3(x — 1)

89, x + (x+ 3)(—3) 90. x — 2(x +2)

91. 3(4x —2) — (5x — 8) 92. 2(5x — 3) — (2x — 4)

93. —(3x + 1) — (4x—7) 94, —(6x +2) — (8x — 3)

g5. (x + 3y) +3Q2x—y) 96. (2x — ) — 2(x + 3y)

97. 3(2x + 3y) — 2(3x + 5y) 98, 5(2x + 3y) — 3(3x + 5)

99. -6(-;-x -* -%y) + lz(ix + %—y) 100. 6(%x + %y) = 4(x + %y)
101. 0.08x + 0.09(x + 2,000) 102. 0.06x + 0.04(x + 7,000)
103. 0.10x + 0.12(x + 500) 104. 0.08x + 0.06(x + 800)

Find the value of b2 — 4ac for the given values of a, b, and c. (You will see these
problems later in the book.)

105. a=1,b= —5,¢c=—6 106, a = 1, b= —6,c=7
107. a=2,b=4,¢c=—3 108, a=3,b=4,c= —2
Applying the Concepts

109. Temperature and Altitude If the temperature on the ground is 70°F, then the
temperature at A feet above the ground can be found from the expression
—0.0035A + 70. Find the temperature at the following altitudes.

a. 8,000 feet b. 12,000 feet ¢. 24,000 feet
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Note: We can use a ques-
tion mark over the equal signs
to show that we don't know yet
whether the two sides of the
equation are equal.

When light comes into contact with any object, it is reflected, absorbed, and trans-
mitted, as shown below.

Transmitted

Absorbgd .

/ ¥ // Reflected

For a certain type of glass, 88% of the light hitting the glass is transmitted through
to the other side, whereas 6% of the light is absorbed into the glass. To find the
percent of light that is reflected by the glass, we can solve the equation

88 + R+ 6 =100

Solving equations of this type is what we study in this section. To solve an equa-
tion we must find all replacements for the variable that make the equation a true
statement.

RGN solution set
The solution set for an equation is the set of all numbers that when used in
place of the variable make the equation a true statement

For example, the equation x + 2 = 5 has the solution set {3} because when x is 3
the equation becomes the true statement 3 + 2 = 5, or 5 =35,

. O\ WK 1s 5 asolutionto2x — 3 =72

SOLUTION We substitute 5 for x in the equation, and then simplify to see if a true
statement results. A true statement means we have a solution; a false statement
indicates the number we are using is not a solution.

When x=5
the equation Dy Je==iF
becomes 205)—-3L17
10-317

7=7 A truestatement

Because x = 5 turns the equation into the true statement 7 = 7, we know 5 is a
solution to the equation, B

1
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1.2 Addition Property of Equality 15

Note: Inmy experience
teaching algebra, I find that
students make fewer mistakes if
they think in terms of addition
rather than subtraction. So, you
are probably better off if you
continue to use the addition
property just the way we have
used it in the examples in this
section. But, if you are curious as
to whether you can subtract the
same number from both sides of
an equation, the answer is yes.

. EXAMPLE 9 Solve3x —5=2x+ 7.

SOLUTION We can solve this equation in two steps. First, we add —2x to both
sides of the equation. When this has been done, x appears on the left side only.
Second, we add 5 to both sides:

3x+(—2x)—5=2x+(-2x)+7 Add — 2xto both sides
Xi=gi = Simplify each side
x—5+5=7+5 Add 5 to both sides
x=12 Simplify each side il

A Note on Subtraction

Although the addition property of equality is stated for addition only,

we can subtract the same number from both sides of an equation as well.
Because subtraction is defined as addition of the opposite, subtracting the
same quantity from both sides of an equation does not change the solution.

x+2=12 Original equation
x+2~-2=12-2 Subtract 2 from each side
x=10 Subtraction
||_GETTING READY FOR CLASS

After reading through the preceding section, respond In your own words _

. ~__| | _andincomplete sentences.

A. What is a solution to an equation?

| B. What are equivalent equations? o
o
D

. Explain in words the addition property of equality.
. _How do you check a solution to an 3quatlon?
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1.2 Problem Set 17

58.
59,

61.

63.

o — palos
puery

—-5.8

19.8

a. 6%
b. 5%
c. 2%

d. 75%

Applying the Concepts

61, 11y —29 =12y + 2.9 62, 20y +99 =121y — 9.9

63. Light When light comes into contact with any object, it is reflected, absorbed,

and transmitted, as shown in the following figure. If T represents the percent
of light transmitted, R the percent of light reflected, and A the percent of light
absorbed by a surface, then the equation T'+ R + A = 100 shows one way
these quantities are related.

.
Transmitted / /
J’l;. d
Absort;é'd !
7.5
/ i
! FAN |

/) Reflected

!

a. For glass, T = 88 and A = 6, meaning that 88% of the light hitting the
glass is transmitted and 6% is absorbed. Substitute T = 88 and A = 6 into
the equation T + R + A = 100 and solve for R to find the percent of light
that is reflected.

b. For flat black paint, A = 95 and no light is transmitted, meaning that
T = 0. What percent of light is reflected by flat black paint?

¢. A pure white surface can reflect 98% of light, so R = 98. If no light is
transmitted, what percent of light is absorbed by the pure white surface?

d. Typically, shiny gray metals reflect 70-80% of light. Suppose a thick sheet
of aluminum absorbs 25% of light. What percent of light is reflected by
this shiny gray metal? (Assume no light is transmitted.)
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Note: This property is also
used many times throughout
the book. Make every effort to
understand it completely.

Multiplication Property of Equality =

As we have mentioned before, we all have to pay taxes. According to Figure 1,
people have been paying taxes for quite a long time.

i i'gi? fi v

FIGURE 1 Collection of taxes, ca. 3000 b.c. Clerks and scribes appear at the right,
with pen and papyrus, and officials and taxpayers appear at the left.

Suppose 21% of your monthly pay is withheld for federal income taxes and
another 8% is withheld for Social Security, state income tax, and other miscella-
neous items, leaving you with $987.50 a month in take-home pay. The amount you
earned before the deductions were removed from your check, your gross income
G, is given by the equation

G — 0.21G — 0.08G = 987.5

In this section we will learn how to solve equations of this type.

In the previous section, we found that adding the same number to both sides of
an equation never changed the solution set. The same idea holds for multiplica-
tion by numbers other than zero. We can multiply both sides of an equation by the
same nonzero number and always be sure we have not changed the solution set.
(The reason we cannot multiply both sides by zero will become apparent later.)
This fact about equations is called the multiplication property of equality, which
can be stated formally as follows.

Multiplication Property of Equality

For any three algebraic expressions A, B, and C, where C # 0,
if A=3B
then AC=BC

In words: Multiplying both sides of an equation by the same nonzero
number will not change the solution set.

Suppose we want to solve the equation 5x = 30. We have 5x on the left side
but would like to have just x. We choose to multiply both sides by 5 because
(%)(S) = 1, Here is the solution:

5x =30
1 1 o ,
g(Sx) = ~é-(30) Multiplication property of equality
1 1 . R
3 5)x= §(30) Associative property of multiplication
Ix=6
xX=6

19
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1.3 Multiplication Property of Equality 21

Note: Notice that in
Example 6 we used the addition
property of equality first to com-
bine all the terms containing x
on the left side of the equation.
Once this had been done, we
used the multiplication property
to isolate x on the left side.

T

In the next three examples, we will use both the addition property of equality and
the multiplication property of equality.

. EXAMPLE 5 Solve for x: 6x + 5= —13.

SOLUTION We begin by adding —5 to both sides of the equation:

6x+5+(—5)=—~13+(-5) Add —5 to both sides
6x = —18 Simplify
’ _ ] 5 ; 1
5(61') = -6-(— 18) Multiply both sides by 3
x= -3 ]

BETEEE  Solve for x: 5x = 2x + 12,

SOLUTION We begin by adding —2x to both sides of the equation:

Sx+ (—2x)=2x + (—2x) + 12 Add —2xto both sides

3x=12 Simplify
% (3x) = -;; (12) Mulciply both sides by 5
x=4 Simplify ]
'EXAMF’LE r@  Solveforx:3x —4= —2x+6.
SOLUTION We begin by adding 2x to both sides:
3x+2x—4=—-2x+2x+6 Add 2xto both sides
S5x—4=6 Simplify
Now we add 4 to both sides:
5x —4+4=6+4 Add 4 to both sides
5x =10 Simplify
é(Sx) = %(10) Multiply by =
x=2 Simplify [ ]

The next example involves fractions. You will see that the properties we use
to solve equations containing fractions are the same as the properties we used
to solve the previous equations. Also, the LCD that we used previously to add
fractions can be used with the multiplication property of equality to simplify
equations containing fractions.

2 ,1__3
BETEEEE sovex+5=-7

SOLUTION We can solve this equation by applying our properties and working
with the fractions, or we can begin by eliminating the fractions.
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