1.3 Multiplication Property of Equality 23

| GETTINGREADY FORCLASS

____,_J _After reqd_g_through the precedmg sect.‘on re@pogq' in _zqy_r own
T _L_h words and in complete sentences.

v.___._____| i i o e i R — e eiisis

il ' A Expiam in wor'ds The mumpliratzon p*—opertv of equaht\; _____
i1 B. Ifanequation contains fractions, how do you use the multiplica-
__tlon property of equality to clear the equation of fractions?
. Whyls It okay to divide both sides of an equation by the same
_honzeronumber? e —
_D. Explain In words how you woula 5o|w.= the 3quat|on Bx = 7 using
___themultiplication property ofequality. .
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1.3 Problem Set 25

57.

59, -

60. —
61.
62.
63.
64.
65.
66. —

67.

68.

69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
. 9x—13
81.
82.
83.
84.
. Ax -1
. Bx— 3
87.
88.
89.
90.

@ rajer O polds

g

= pafoa

e o 5 ® o 2@

200 tickets

2 three-pointers
$1,390.85 per month
12

2

8

6

0

3,000

4,000

-1

0.09x -+ 180
0.04x + 280
—Gy+4
—By + 2

Sx
5x
017x
0.10x

e.

ot et = P okt i e

Solve each equation.

5t=10 b. 5+¢t=10
5t+10=0 d. 56+ 10=12
5t+10=8t+ 12

Applying the Concepts

69,

70

n.

72,

Break-Even Point Movie theaters pay a certain price for the movies that
you and I see. Suppose a theater pays $1,500 for each showing of a popu-
lar movie. If they charge $7.50 for each ticket they sell, then the equation
7.5x = 1,500 gives the number of tickets they must sell to equal the $1,500
cost of showing the movie. This number is called the break-even point. Solve
the equation for x to find the break-even point.

Basketball Laura plays basketball for her community college. In one game
she scored 13 points total, with a combination of free throws, field goals, and
three-pointers. Each free throw is worth 1 point, each field goal is 2 points,
and each three-pointer is worth 3 points, If she made 1 free throw and 3 field
goals, then solving the equation

1+3(2) +3x =13

will give us the number of three-pointers she made. Solve the equation to
find the number of three-point shots Laura made.

Taxes 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
miscellaneous items. If you are left with $987.50 a month in take-home pay,
then the amount you earned before the deductions were removed from your
check is given by the equation

G — 0.21G — 0.08G = 987.5
Solve this equation to find your gross income.

Rhind Papyrus The Rhind Papyrus is an ancient document that contains
mathematical riddles. One problem asks the reader to find a quantity such
that when it is added to one-fourth of itself the sum is 15. The equation
that describes this situation is

x + iles

Solve this equation.

Getting Ready for the Next Section

To understand all of the explanations and examples in the next section you must
be able to work the problems below.

Solve each equation.

73.
77.

2x=4 74, 3x =24 75. 30 = 5x 76, 0 = 5x
0.17x =510  78. 0.1x = 400
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Note: You may have some
previous experience solving
equations. Even so, you should
solve the equations in this
section using the method devel-
oped here. Your work should
look like the examples in the
text. If you have learned
shortcuts or a different method
of solving equations somewhere
else, you can always go back to

" them later. What is important
now is that you are able to solve
equations by the methods shown
here.

Solving Linear Equations

We will now use the material we have developed in the first three sections of this
chapter to build a method for solving any linear equation.

A linear equation in one variable is any equation that can be put in the
form ax + b = 0, where g and b are real numbers and a is not zero.

W 521

linear equation

Each of the equations we will solve in this section is a linear equation in one variable.
The steps we use to solve a linear equation in one variable are listed here.

| Strategy for Solving Linear Equations in One Variable

Step 1a: Use the distributive property to separate terms, if necessary.
1b: If fractions are present, consider multiplying both sides by the LCD
to eliminate the fractions. If decimals are present, consider multi-
plying both sides by a power of 10 to clear the equation of decimals.
1¢: Combine similar terms on each side of the equation.

Step 2: Use the addition property of equality to get all variable terms on
one side of the equation and all constant terms on the other side. A
variable term is a term that contains the variable (for example, 5x).
A constant term is a term that does not contain the variable (the
number 3, for example).

Step 3: Use the multiplication property of equality to get x (that is, 1x) by
itself on one side of the equation.

Step 4: Check your solution in the original equation to be sure that you
have not made a mistake in the solution process.

As you will see as you work through the examples in this section, it is not always
necessary to use all four steps when solving equations. The number of steps used
depends on the equation. In Example 1 there are no fractions or decimals in the
original equation, so step 1b will not be used. Likewise, after applying the distribu-
tive property to the left side of the equation in Example 1, there are no similar
terms to combine on either side of the equation, making step 1c also unnecessary.

BEDEEERR  solve2(x + 3) = 10.

SOLUTION To begin, we apply the distributive property to the left side of the equa-
tion to separate terms:

Step 1a: 2x+6 =10 Distributive property
2x+ 6+ (—6)=10+ (—0©) Addition property of equality
Step 2:
2x=4
:l‘(2x] = 1{4) Multiply each side by 1
Step 3: 2 2 ) g
x=2 The solution is 2

27
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1.4 Solving Linear Equations 29

Note: 1t makes no difference
on which side of the equal sign
x ends up. Most people prefer to
have x on the left side because
we read from left to right, and it
seems to sound better to say x is
6 rather than 6 is x. Both expres-
sions, however, have exactly the
same meaning.

BETGEEEE  Solve5(x—3) +2=502x—8) = 3.

SOLUTION In this case we apply the distributive property on each side of the
equation:

Step 1a: 5x - 154+2=10x—40—3 Distributive property
Step 1c: 5x — 13 =10x — 43 Simplify each side
5x + (—5x) — 13 = 10x + (—5x) — 43 Add —5xto both sides
—13=15x—43

Step 2:

—~134+ 43 =5x— 43 + 43 Add 43 to both sides

30 = 5x
1(30) = 2 (5% Multiply both sides by =
Step.?: - GAS 5 2X ultiply both sides by 5
6=x The solution is &

Check:  Replacing x with 6 in the original equation, we have
5(6—3)+225(26—8)—3
5(3)+2 £ 5(12—8)~-3
Step 4: 5(3) +2 2 5(4) -3
15+2.220—3

17 =17 A true statement -]

BETEER  Solve the equation 0.08x + 0.09(x +2,000) = 690.

SOLUTION We can solve the equation in its original form by working with the
decimals, or we can eliminate the decimals first by using the multiplication prop-
erty of equality and solving the resulting equation. Both methods follow.

Method 1
Working with the decimals.
0.08x + 0.09(x + 2,000) = 690 Original equation
Step 1a:  0.08x + 0.09x -+ 0.09(2,000) = 690 Distributive property
Step 1c: 0.17x + 180 = 690 Simplify the left side
0.17x + 180 + (=180) = 690 + (—180) Add —180 1o each side
Step 2:
0.17x = 510
0.17x _ 510 y .
Step 3: 017 047 Divide each side by 0.17
x = 3,000

Note that we divided each side of the equation by 0.17 to obtain the solution. This
is still an application of the multiplication property of equality because dividing by
0.17 is equivalent to multiplying by o5




T e Py SRR

LT R

fci g

¥+ X7— = (F —x)1— =F — X0)—

Tey] 08 (¥ — X¥7)1— Se (F — ¥7)— Jo yunp

we> oM “TaquIsway ‘SuSIs Y} YIM [NJ2Ted 3q 03 ArY M ‘surid) ajeredas pue sjoq
-wis Surdnosg oy anowa1 03 L11edoxd aapnqrustp aya Ajdde am udypy  NOILN10S

(S 4+ ¥b) — 9 = (¥ — X7) ~ (§ — ¥T)€ 2A[0S

9 I1dWVXT] |

‘sajdurexa snorasxd sy Ul se [relep yonur

se ur umoys jou are Ajxedoxd uopesrdninw ay3 pue 4313doxd uonrppe oY) Puodds
‘pue udts aapeSou e £q papadaid are jey sasayjuared asoura 0} pasn st &radord
SATINQINSIP ) “ISIY :SMO[[0] Jeyp} A[durexa atf3 oqe 310U 03 SFUTY) 0M] 3T8 YL,

] N |
‘g dajs
2 Rq eapis ys0q Rdin (z1) % ~ = (f9-) 9 -
L
71 = 49—
:Z dajs
59pIS 410 03 4 — PPV (F=) + 9T = (r=) + ¥ + 49—
op1s 143) 3u3 Ayiduig 91 = ¥ + 49— ‘91 dajs
Rauadoad smnguasiq 9l =¢ — A9 — £ el dajs
11 pue A7 Jo ums ay3 sawm ¢ — Judjdnnw 4q urdaq ) NOILNTOS
91 = (1 + /)¢ — 22a10s  [JCEREINEEl N
[ qUsWIIELE SN Y 069 = 069
069 T 0S¥ + 0FC
069 T (000°5)60°0 + (000°€)80°0 5 dais
069 T (000°T + 000°€)60°0 + (000°€)80°0
AR M ‘LIO}WI‘\bS ‘[811'!3‘{.10 Y} ur X 10§ Q00°¢ Bunmgsqng
000°€ =% }
A e dajs
P15 UZES FPIA et R
LLRazpepe2PNd  GonTe = Ry
opIS 4oes 01 000'gL — PPY 0001 = X1 iz dajs
apis Ya| ayd Ayduig 00069 = 000'8T + XLI ‘9| dajs
‘69 = $ X X
00069 = 000°8T + ¥6 + X8 1 dais
001 Rqsapis yaoq Adnn - (069)00L = (08T + ¥60'0 + ¥80'0)00L
fa.adoad aranquasia 069 = 08T + X60'0 + ¥80°0 ‘e| dajs

uojenbs |eublQ

069 = (000°C + ¥)60°0 + ¥80°0
‘Buruur8aq oy ur syeurap oY) Suneurnunyg
¢ poya

senenbau] pue suonenbs tesur | Ja1deyn

0g




1.4 Solving Linear Equations 3

It is not uncommon for students to make a mistake with this type of simplification
and write the result as —2x — 4, which is incorrect. Here is the complete solution
to our equation:

32x—5)— (2x —4) = 6 — (4x + 5) Original equation

bx—15—2x+4=6—4x—5 Distributive property
4x—11=—4x+1 Simplify each side
Bx—11=1 Add 4xto each side
8x =12 Add 11 to each side
x= 1—82- Multiply each side by ;
3
x=73 Reduce to lowest terms
The solution, % checks when replacing x in the original equation. B
- _Q_ETTING READY FOR CLASS

andin comp!gte santences.

A What is the ‘imt etep in 5olvmq a_msar equatwn cantammg
__parentheses? e

B What is the last step in solving a ]mear equation?

L H' C. Explain in words how you would solve the equation 2x — 5 8

1! D. Ifanequation contains decimals, what can you do to eliminate the

. decimale?
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Formulas o g

In this section we continue solving equations by working with formulas. To begin,
here is the definition of a formula.

et 8

In mathematics, a formula is an equation that contains more than one variable.

The equation P = 2! + 2w, which tells us how to find the perimeter of a rectangle,
is an example of a formula,

!

To begin our work with formulas, we will consider some examples in which we are
given numerical replacements for all but one of the variables.

. EXAMPLE 1 The perimeter P of a rectangular livestock pen is 40 feet. If
the width w is 6 feet, find the length.

p =n40 ft
K ii

=
i

l

SOLUTION First we substitute 40 for P and 6 for w in the formula P = 2] + 2w.
Then we solve for It

When P=40andw=6

the formula P=2l+2w

becomes 40 = 2] + 2(6)

or 40 =2l + 12 Multiply 2 and &
28=2I] Add —12 to each side
14=1 Multiply each side by %

To summarize our results, if a rectangular pen has a perimeter of 40 feet and a
width of 6 feet, then the length must be 14 feet. E

35



*3pIS 19130 3}
o readde v sjUBISUOD pue sa[qeLIeA Ja1o [ ‘uSis Tenba 2y3 Jo 3pIs I3
WO 3[qeITeA 1BY) 3)B[OST ISNIW IM ‘SAJqVLIDA ST JO UO IOJ B[NULIOJ B 3A[OS O,

1 10 PAATOS U2aq SBY U0
PU023s 3y} PUE |/ 10J PAA[OS U23q SEY AUO IS YT, ‘Y pue g ‘y Suoure diysuopeas
sures 2t 2418 10q {;E = 1 B[NULIOJ [BUTf A1) PUE g ¢ = V BMULIOJ [eUIBLI0 SYT,

9 _
vz =1

1.9

uq ~ Ve
:q AQ S2PIS 10 IPIATP aM U],

Y = Ve
qq%-hv-z

:£ 30 [eooxdoax 2y ST 11 251BIq

«z £q saprs yoq Sutd[dnnwr 4q urdaq ap uBis fenba ay Jo apis SUO UO Y A[qRLIEA
a1} 212[OST ST Op 1S 3M JBYA ‘Y IOJ B[AULIOJ STY A0S 0} Juresm dm dsoddng

a[8ueln oy Jo By = y pue 9seq Ay} JO YIBUI[ = q ‘Bare = § AI3YM

:3]8ureLn) © Jo BaIR Y] JO] B[NULIO] 31} I9PISUOD
'SO[qeLIBA T30 37} 10 SjuduIade]dal [EDIIWNU USALS
8uroq JNOYIIM SI[QRLIBA §]1 JO JUO I0J BINULIO) B JA]OS [[IM am sadurexa jxou a1} U]

& < Rqepis yoes Aidiaini ¢— =4
;‘P!GumolzL—Pw 9— =47
1 pue g Ridiainy 9 =47+ Tl 10
9 =47+ ()¢ $2w003q
9 =47 + x¢ B[NLUIOY AU}
po=x UIYM

e J0J 2AJOS U2V} pue B[NULIO 21} UT X 101 ¥ aMpsqns apA - NOLLNT0S
'9 = A7 + xg epunioj oy ur y = x usym A purd  [KEREINACH N

selyenbau| pue suoienbs Jesur | Jajdeys

9¢



1.5 Formulas 37

BIETYEEER  Solve 3x + 2y = 6for y. |

SOLUTION To solve for v, we must isolate y on the left side of the equation. To
begin, we use the addition property of equality to add —3x to each side:

3x+2y=6 Original formula
3x+ (=2 +2y=(—2x)+6 Add —3xto each side
2y=—-3x+6 Simplify the left side

%(2}’) = ";'("33‘ + 6) Multiply each side by EL

y=- %x +3 Multiplication |

STV  Solve i = vt — 16t for v.

SOLUTION Let’s begin by interchanging the left and right sides of the equation.
‘That way, the variable we are solving for, v, will be on the left side.

vt — 16t2=h Exchange sides
vt — 16t + 16t% = h + 16t~ Add 161" to each side
vt=h + 162
h + 16t2
1;- = —“-—ti‘-— Divide each side by ©

_ h+ 16t?
YT

We know we are finished because we have isolated the variable we are solving for
on the left side of the equation and it does not appear on the other side. w

BETENEER  Solve for y: Z;—I = %

SOLUTION Although we will do more extensive work with formulas of this form
later in the book, we need to know how to solve this particular formula for y in
order to understand some things in the next chapter. We begin by multiplying
each side of the formula by x. Doing so will simplify the left side of the equation,
and make the rest of the solution process simple.

2 2 Original formula
x 2
X —1_3 ‘X Multiply each side by x
7 2 i Py 15ldée DY
3 e 4y
y— 1= —2—x 5|mpl.~ryeach side
3

y= §x+] Add 1 to each side

This is our solution. If we look back to the first step, we can justify our result on the

left side of the equation this way: Dividing by x is equivalent to multiplying by its
; 1 : . . ;

reciprocal <. Here is what it looks like when written out completely:

x-}-}—;—1=x%{y"1)=l(y—1)=(y—1) =
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1.5 Formulas 39

BETEEAE  What number is 25% of 602

SOLUTION To solve a problem like this, we let x = the number in question (that
is, the number we are looking for). Then, we translate the sentence directly into an
equation by using an equal sign for the word “is” and multiplication for the word
“of” Here is how it is done:

What, number is 25% of 807

IREY

x 0.25 - 60
15

I«

X

Notice that we must write 25% as a decimal in order to do the arithmetic in the
problem.
The number 15 is 25% of 60. B

BEEEEEE  Whet percent of 24 is 67

SOLUTION Translating this sentence into an equation, as we did in Example 7, we
have:

What percent. of 24 1s 67
| ]

x c24=6

or 24x =6

Next, we multiply each side by 2—2 (This is the same as dividing each side by 24.)

1 1
54 (24%) = 57(6)

5
24
=1
4
= 0.25, 0or 25%
25% of 24 is 6, or in other words, the number 6 is 25% of 24. ]

BEQYEEEE 4 is 75% of what number?

SOLUTION Again, we translate the sentence directly:

45 is 75% of what number?

1]

45 = 0.75" X

Next, we multiply each side by 5= (which is the same as dividing each side by 0.75):

1 1
575 45) = 575 (075%)
45 _
075~
60 = x

The number 45 is 75% of 60. . ]
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1.5 Formulas 4

scale. On the Celsius scale, water boils at 100 degrees and freezes at 0 degrees. To
denote a temperature of 100 degrees on the Celsius scale, we write

100°C, which is read “100 degrees Celsius”

Table 1 is intended to give you an intuitive idea of the relationship between the
two temperature scales. Table 2 gives the formulas, in both symbols and words,
that are used to convert between the two scales.

Table 1
Temperature

Situation Fahrenheit Celsius

Water freezes 32°F 0°C

Room temperature 68°F 20°C

Normal body temperature 98.6°F 37°C

Water boils 212°F 100°C
Table 2
To Convert from Formula in Symbols Formula in Words
Fahrenheit to Celsius C= %{P - 32) Subtract 32, multiply by 5, then divide by 9
Celsius to Fahrenheit F= -?;C + 32 Multiply by g-, then add 32

BETUEEERR M McKeague traveled to

Buenos Aires with a group of friends, It was a hot
day when they arrived. One of the bank kiosks in-
dicated the temperature was 25°C, Someone asked
what that would be on the Fahrenheit scale (the
scale they were familiar with), and Budd, one of
his friends said, “just multiply by 2 and add 307

a. What was the temperature in °F according to Budd’s approximation?
b. What is the actual temperature in °F?

c. Why does Budd’s estimate work?

d. Write a formula for Budd’s estimate.

SOLUTION

a. According to Budd, we multiply by 2 and add 30, so

225+ 30 =50 + 30 = 80°F

b. Using the formula F = %C + 32, with C = 25, we have

F=3(25) +32=45+32 = 77°F
g
5
d. In symbols, Budd’s estimate is F = 2 - C +30. - ]

c. Budd’s estimate works because = is approximately 2 and 30 is close to 32.
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