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Chapter 1

The Arithmetic of Numbers

1.1 An Introduction to the Integers

1. The number 5 is 5 units from the origin.

5 units
| | | | | | | | | | | | | | | & | | | | |
T T T T T T T T T T I T T T T T T T T T T
-10 0 5 10
Hence, |5| = 5.
3. The number —2 is 2 units from the origin.
2 units
fe——
| | | | | | | | 'y | | | | | | | | | | | |
T T T T T T T T T T I T T T T T T T T T T
-10 -2 0 10
Hence, | — 2| = 2.
5. The number 2 is 2 units from the origin.
2 units
fe——
| | | | | | | | | | | | o | | | | | | | |
T T T T T T T T T T T T h T T T T T T T T
-10 0 2 10

Hence, 2] = 2.



2 CHAPTER 1. THE ARITHMETIC OF NUMBERS

7. The number —4 is 4 units from the origin.

4 units

Hence, | — 4] = 4.

9. We have like signs. The magnitudes (absolute values) of —91 and —147 are
91 and 147, respectively. If we add the magnitudes, we get 238. If we prefix
the common negative sign, we get —238. That is:

—91 + (—147) = —238

11. We have like signs. The magnitudes (absolute values) of 96 and 145 are
96 and 145, respectively. If we add the magnitudes, we get 241. If we prefix
the common positive sign, we get 241. That is:

96 + 145 = 241

13. To add a negative and a positive integer, subtract the smaller magnitude
from the larger magnitude (76 — 46 = 30), then prefix the sign of the integer
with the larger magnitude. Thus,

—76 + 46 = —30.

15. We have like signs. The magnitudes (absolute values) of —59 and —12 are
59 and 12, respectively. If we add the magnitudes, we get 71. If we prefix the
common negative sign, we get —71. That is:

59+ (—12) = —71

17. To add a positive and a negative integer, subtract the smaller magnitude
from the larger magnitude (86 — 37 = 49), then prefix the sign of the integer
with the larger magnitude. Thus,

37+ (—86) = —49.

Second Edition: 2012-2013



1.1. AN INTRODUCTION TO THE INTEGERS 3

19. To add a positive and a negative integer, subtract the smaller magnitude
from the larger magnitude (85 — 66 = 19), then prefix the sign of the integer
with the larger magnitude. Thus,

66 + (—85) = —19.

21. We have like signs. The magnitudes (absolute values) of 57 and 20 are
57 and 20, respectively. If we add the magnitudes, we get 77. If we prefix the
common positive sign, we get 77. That is:

57420="77

23. To add a negative and a positive integer, subtract the smaller magnitude
from the larger magnitude (127 — 48 = 79), then prefix the sign of the integer
with the larger magnitude. Thus,

—48 + 127 =179.

25. Subtraction means “add the opposite,” so change the difference into a
sum.

—20 — (—10) = —20 + 10 Subtracting —10 is the same
as adding 10.

=-10 Subtract the magnitudes, and prefix
with sign of larger number.

27. Subtraction means “add the opposite,” so change the difference into a
sum.

—62—-7=—-62+ (—7) Subtracting 7 is the same
as adding —7.
= —69 Add the magnitudes, and prefix

the common negative sign.

29. Subtraction means “add the opposite,” so change the difference into a
sum.

—77—26 =—T7+ (—26) Subtracting 26 is the same
as adding —26.
=—-103 Add the magnitudes, and prefix

the common negative sign.

Second Edition: 2012-2013



4 CHAPTER 1. THE ARITHMETIC OF NUMBERS

31. Subtraction means “add the opposite,” so change the difference into a
sum.

—7—(-16)=-7+16 Subtracting —16 is the same
as adding 16.

=9 Subtract the magnitudes, and prefix
with sign of larger number.

33. In the expression (—8)%, the exponent 6 tells us to write the base —8 six
times as a factor. Thus,

Now, the product of an even number of negative factors is positive.

(—8)% = 262144

35. In the expression (—7)°, the exponent 5 tells us to write the base —7 five
times as a factor. Thus,

Now, the product of an odd number of negative factors is negative.

(=7)° = —16807

37. In the expression (—9)2, the exponent 2 tells us to write the base —9 two
times as a factor. Thus,

Now, the product of an even number of negative factors is positive.

(—9)* =81

39. In the expression (—4)%, the exponent 4 tells us to write the base —4 four
times as a factor. Thus,

Now, the product of an even number of negative factors is positive.

(—4)* = 256

Second Edition: 2012-2013



1.1. AN INTRODUCTION TO THE INTEGERS 5

41. To calculate the expression —562 — 1728, enter the expression -562-1728
using the following keystrokes.

)| |5 6 2 - 1 7 2 Ml ENTER

The result is shown in the following figure.

-oEZ2-172a
-2298

Hence, —562 — 1728 = —2290.

43. To calculate the expression —400—(—8225), enter the expression -400-(-8225)
using the following keystrokes.

Ol [a]o 0-(-)8 2| [2 5

The result is shown in the following figure.

“EE- 82250
|

TE25

Hence, —400 — (—8225) = 7825.

45. To calculate the expression (—856)(232), enter the expression -856%232
using the following keystrokes.

Ol s[5 62 3| [ 2] IBNEY

The result is shown in the following figure.

-BoEEEE
|

-122592

Hence, (—856)(232) = —198592.

Second Edition: 2012-2013



6 CHAPTER 1. THE ARITHMETIC OF NUMBERS

47. To calculate the expression (—815)(—3579), enter the expression -815%-3579
using the following keystrokes.

(-)815(-)3579

The result is shown in the following figure.

-215%-3579
2915335

Hence, (—815)(—3579) = 2916885.

49. To calculate the expression (—18)3, enter the expression (-18)A3 using
the following keystrokes.

Cepiel T (&l

The result is shown in the following figure.

b = R

—oiEAE

Hence, (—18)% = —5832.

51. To calculate the expression (—13)°, enter the expression (-13)A5 using
the following keystrokes.

Clenial T 16l

The result is shown in the following figure.

o130

=AV 1293

Hence, (—13)° = —371293.

Second Edition: 2012-2013



1.2. ORDER OF OPERATIONS 7

1.2 Order of Operations

1. The Rules Guiding Order of Operations require that multiplication is ap-
plied first, then addition.

—124+6(—4) = —12+4 (—24) Multiply first: 6(—4) = —24.
= 36 Add: —12 + (—24) = —36.

3. In the expression —(—2)°, the exponent 5 tells us to write the base —2 five
times as a factor. Thus,

Finally, take the opposite.

—(—2)° =32

5. First take the absolute value, then negate (take the opposite) of the result.
—| — 40| = —(40) Absolute value: | — 40| =40
= —40 Negate.

7. The Rules Guiding Order of Operations require that division and multi-
plication must be done in the order that they appear, working from left to
right.
—24/(-6)(—1) =4(-1) Divide: —24/(—6) = 4.
=—4 Multiply: 4(—1) = —4.

9. The opposite of —50 is 50, or if you wish, the negative of —50 is 50. That
is,

—(=50) = 50.

11. In the expression —3°, the exponent 5 tells us to write the base 3 five times
as a factor. Thus,

-3 =-(3)(3)(3)(3)(3).

Note that order of operations forces us to apply the exponent before applying
the minus sign.

-3° = —243

Second Edition: 2012-2013



8 CHAPTER 1. THE ARITHMETIC OF NUMBERS

13. The Rules Guiding Order of Operations require division and multiplication
must be done in the order that they appear, working from left to right.

48 = 4(6) = 12(6) Divide: 48 +4 = 12.
=172 Multiply: 12(6) = 72.
15.
—52 — 8(—8) = —52 — (—64) Multiply first: 8(—8) = —64.
= —52+464 Add the opposite.
=12 Add: —52+64 = 12.

17. In the expression (—2)%, the exponent 4 tells us to write the base —2 four
times as a factor. Thus,

19. The Rules Guiding Order of Operations require that we address exponents
first, then multiplications, then subtractions.

9—-3(2)2=9-3(4) Exponent first: (2)? = 4.
—9-12 Multiply: 3(4) = 12.
=9+ (-12) Add the opposite.
=-3 Add: 9+ (—12) = -3,

21. We must first evaluate the expression inside the absolute value bars. Sub-
traction means “add the opposite.”

17— 10|13 — 14| = 17 — 10|13 + (—14)| Add the opposite.

=17 - 10| — 1| Add: 13+ (—14) = —1
=17-10(1) Absolute value: | —1] =1
=17-10 Multiply: 10(1) = 10
=17+ (-10) Add the opposite.

=7 Add: 17 + (—10) = 7

Second Edition: 2012-2013



1.2. ORDER OF OPERATIONS 9

23. The Rules Guiding Order of Operations require that we address exponents
first, then multiplications, then subtractions.

—4 4 5(—4) = —4 4 5(—64) Exponent first: (—4)® = —64.
= —4+ (—320) Multiply: 5(—64) = —320.
— 324 Add: —4 + (—320) = —324.

25. The Rules Guiding Order of Operations require evaluate the expression
inside the parentheses first, then multiply, then subtract.

8+5(—1—-6)=8+5(—1+(—6)) Add the opposite.
=8+ 5(-7) Addi—1 + (—6) = —T.
=8+ (—35) Multiply: 5(=7) = —35.
— o7 Add: 8 + (~35) = —27.

27. Following the Rules Guiding Order of Operations, we must first simplify
the expressions inside the parentheses. Then we can apply the exponents and
after that, subtract.

(10 — 8)% — (7 —5)?

=22_93 Subtract: 10 -8 =2;7—5 = 2.
=4-38 Square: 2% = 4.
Cube: 2% =38.
=4+ (-8) Add the opposite.
=—4 Add: 4+ (—8) = —4.

29. The Rules Guiding Order of Operations require evaluate the expression
inside the innermost parentheses first.

6—-9(6—-4(9-7)=6-9(6—-4(9+(—7))); Add the opposite.
=6—9(6 —4(2)); Add: 94 (=7) = 2.
=6—9(6 —8); Multiply: 4(2) = 8.
=6-9(6+ (—38)); Add the opposite.
— 6 9(—2); Add: 6+ (—8) = —2.
=6—(—18); Multiply: 9(—2) = —18.
=6+ 18; Add the opposite.
=24 Add: 6 4 18 = 24.

Second Edition: 2012-2013



10 CHAPTER 1. THE ARITHMETIC OF NUMBERS

31. The Rules Guiding Order of Operations require evaluate the expression
inside the parentheses first, then multiply, then subtract.

—6—5(4—6)=—-6—5(4+(—6)) Add the opposite.
=—6—5(—2) Add:4 + (—6) = —2.
= —6—(—10) Multiply: 5(—2) = —10.
=—-6+10 Add the opposite.
=4 Add: -6+ 10 =4.

33. Following the Rules Guiding Order of Operations, simplify the expression
inside the parentheses first, then apply the exponent, then add and subtract,
moving left to right.

94+ (9-6°-5=94+3>-5 Subtract: 9 — 6 = 3.
=9427-5 Exponent: 3% = 27.
=94 27+ (-5H) Add the opposite.
=36+ (-5) Add: 9 + 27 = 36.
=31 Add: 36+ (—=5) = 31.

35. The Rules Guiding Order of Operations require that we address exponents
first, then multiplications, then subtractions.

—5+3(4)* = =5 + 3(16) Exponent first: (4)? = 16.
= —5+448 Multiply: 3(16) = 48.
=43 Add: —5 +48 = 43.

37. Following the Rules Guiding Order of Operations, simplify the expression
inside the parentheses first, then apply the exponent, then add and subtract,
moving left to right.

8—(5-2°+6=8-3>+6 Subtract: 5 —2 = 3.
=8—-27T+6 Exponent: 3% = 27.
=8+ (—27)+6 Add the opposite.
=-19+6 Add: 8 + (—27) = —19.
=-13 Add: —19+6 = —13.

Second Edition: 2012-2013



1.2. ORDER OF OPERATIONS 11

39. We must first evaluate the expression inside the absolute value bars. Start
with “subtraction means add the opposite.”

16— 15| — | — 17 — 11|
=6+ (—15)| — | — 17+ (—11)| Add the opposites.

—|—9| - |- 28] Add: 6+ (~15) = -9
and —17+ (—11) = —28

=9-—28 Absolute value: | —9[ =9
and | — 28] = 28

=9+ (—28) Add the opposite.
=19 Add: 9+ (—28) = —19

41. The Rules Guiding Order of Operations require evaluate the expression
inside the innermost parentheses first.

5—-5(5—-6(6—4))=5-5(5—-6(6+(—4))); Add the opposite.
=5—5(5 - 6(2)); Add: 6+ (—4) = 2.
=5—5(5-12); Multiply: 6(2) = 12.
=5-5(54(-12)); Add the opposite.
=5 5(=7); Add: 5+ (—12) = -7
=5—(-35); Multiply: 5(=7) = —35.
=5+ 35; Add the opposite.
=40 Add: 5+ 35 = 40.

43. First replace all occurrences of the variables in the expression with open
parentheses:

42+ 3ay+ 4y = 4( )2 +3( )( ) +4( )?
Then replace each variable with its given value, and evaluate the expression:

42”4 3xy + 4y* = 4(—3)* + 3(=3)(0) + 4(0)*> Substitute —3 for 2 and 0 for 3.

=4(9) + 3(—=3)(0) + 4(0) Evaluate exponents first.
= 36 Perform multiplications, left to right.
=36 Perform additions and subtractions, left to right.

45. First replace all occurrences of the variables in the expression with open
parentheses:
—8r+9=-8( )+9

Second Edition: 2012-2013



12 CHAPTER 1. THE ARITHMETIC OF NUMBERS

Then replace each variable with its given value, and evaluate the expression:

—8r+9=-8(—9)+9 Substitute —9 for x.
=72+9 Multiply first: —8(—9) = 72
=81 Add.

47. First replace all occurrences of the variables in the expression with open
parentheses:

50?4 2oy —4y? = —5( 2 +2( )( ) —4( )?
Then replace each variable with its given value, and evaluate the expression:

—5a% 4 2xy — 4y = —5(5)% +2(5)(0) — 4(0)® Substitute 5 for x and 0 for y.
= —5(25) +2(5)(0) — 4(0)  Evaluate exponents first.
=—125 Perform multiplications, left to right.
=—125 Perform additions and subtractions, left to right.

49. First replace all occurrences of the variables in the expression with open
parentheses:

322 +32—-4=3( )2 +3( )—4
Then replace each variable with its given value, and evaluate the expression:
322 + 3z —4=3(5)2+3(5) —4 Substitute 5 for z.
=3(25)+3(5)—4
=75+15—-4 Perform multiplications, left to right.

= 86 Perform additions and subtractions, left to right.

Evaluate exponents first.

51. First replace all occurrences of the variables in the expression with open
parentheses:

—22% +2y% = —2( > +2( )2

Then replace each variable with its given value, and evaluate the expression:

—2x% +2y% = —2(1)> +2(~2)? Substitute 1 for x and —2 for y.
=—-2(1)+2(4) Evaluate exponents first.
=—-248 Perform multiplications, left to right.
=6 Perform additions and subtractions, left to right.

Second Edition: 2012-2013



1.2. ORDER OF OPERATIONS 13

53. First replace all occurrences of the variables in the expression with open
parentheses:
322 —6r+3=-3( )*—6( )+3

Then replace each variable with its given value, and evaluate the expression:

—32% —6x+3=—3(2)2—6(2) +3 Substitute 2 for z.
= —-3(4) —6(2) +3 Evaluate exponents first.
=-12-12+3 Perform multiplications, left to right.
=-21 Perform additions and subtractions, left to right.

55. First replace all occurrences of the variables in the expression with open
parentheses:
—6r—1=-6( )—1

Then replace each variable with its given value, and evaluate the expression:

—6r—1=-6(1)—1 Substitute 1 for x.
=—-6-1 Multiply first: —6(1) = —6
=7 Subtract.

57. First replace all occurrences of the variables in the expression with open
parentheses:
3% —2y® =3( )?-2( )

Then replace each variable with its given value, and evaluate the expression:

322 — 2y? = 3(—3)% — 2(—2)? Substitute —3 for 2 and —2 for y.

=3(9) — 2(4) Evaluate exponents first.
=27-8 Perform multiplications, left to right.
=19 Perform additions and subtractions, left to right.

59. Replace each occurrence of the variables a and b with open parentheses,
then substitute 27 for a and —30 for b.

242 2
aa i = ( ( )) i E ; Replace variables with open parentheses.
27)° 4 (—30)°
= ((2;) i 5_30; Substitute: 27 for a and —30 for b.

Second Edition: 2012-2013



14 CHAPTER 1. THE ARITHMETIC OF NUMBERS

In the numerator, exponents first, then add. In the denominator, add. Finally,
divide numerator by denominator.

729 + 900
_ 29+ 9% Numerator, exponents first.
-3 Denominator, add.
1629
= — Numerator: 729 4+ 900 = 1629
1629

61. Replace each occurrence of the variables a, b, ¢, and d with open paren-
theses, then substitute —42 for a, 25 for b, 26 for ¢, and 43 for d.

a—i—b:( Y+ ()
c—d ()=()

—42 2
= w Substitute: —42 for a, 25 for b,

(26) — (43) 26 for ¢, and 43 for d.

Replace variables with open parentheses.

In the denominator, change the subtraction to adding the opposite. Next,
simplify numerator and denominator, then divide.

—42 + 25
= ﬁ(—t‘ﬁ) In the denominator, add the opposite.
—-17
= — Numerator: —42 + 25 = —17
—17 Denominator: 26 + (—43) = —17
-1
=1 Divide: —7 =1
—17

63. Replace each occurrence of the variables a, b, ¢, and d with open paren-
theses, then substitute —7 for a, 48 for b, 5 for ¢, and 11 for d.
—b _
a = ()-C) Replace variables with open parentheses.
cd ()
(=7) — (48)
(5) (11)

Substitute: —7 for a, 48 for b,
5 for ¢, and 11 for d.

In the numerator, change the subtraction to adding the opposite. Next, simplify
numerator and denominator, then divide.

—74 (—48) .
= In the numerator, add the opposite.
(5)(11)
—55
= Numerator: —7 + (—48) = —55
55 Denominator: (5)(11) = 55
=-1 Divide: _—5 =-1

55

Second Edition: 2012-2013



1.2. ORDER OF OPERATIONS 15

65. Following Tips for Evaluating Algebraic Expressions, first replace all oc-
currences of variables in the expression a? + b with open parentheses, then
substitute 3 for a and 4 for b and simplify.

a>+v*=( P+ ( ) Replace variables with open parentheses.

=(3)% + (4) Substitute: 3 for a, 4 for b.
=9+16 Square: (3)% =9; (4)? = 16.
=25 Add: 9+ 16 = 25.

Now we deal with the second expression.

(a+b)2=( )+( ))?  Replace variables with open parentheses.
= ((3) + (4))? Substitute: 3 for a, 4 for b.
= (7)? Add: 3+4=T1.
=49 Square: (7)% = 49.

Thus, if @ = 3 and b = 4, we found that a? + b? = 25, but (a +b)? = 49. Hence
the expressions a? + b? and (a + b)? did not produce the same results.

67. Following Tips for Evaluating Algebraic Erpressions, first replace all oc-
currences of variables in the expression |a||b| with open parentheses, then sub-
stitute —3 for @ and 5 for b and simplify.

lal|b] = |C )HIIC )] Replace variables with open parentheses.
= |(=3)]|(5)] Substitute: —3 for a, 5 for b.
= (3)(5) Simplify: | —3| =3; [5| = 5.
=15 Multiply: (3)(5) = 15.

Now we deal with the second expression.

labl = )( )] Replace variables with open parentheses.
= [(—=3)(5)] Substitute: —3 for a, 5 for b.
= |- 15| Multiply: (—3)(5) = —15.
=15 Simplify: | — 15| = 15.

Thus, if @ = —3 and b = 5, we found that |a||b] = 15 and |ab| = 15. Hence the
expressions |a||b] and |ab| did produce the same results.

69. To evaluate the expression —236 — 324(—576 + 57), enter the expression
-236-324% (-576+57) using the following keystrokes.

Ol 213 6-3 2 4(—)5 71 [6

Second Edition: 2012-2013




16 CHAPTER 1. THE ARITHMETIC OF NUMBERS

) 7 ENTER

The result is shown in the following figure.

%%36—324*( “AvE+d

levyoza
|

Hence, —236 — 324(—576 + 57) = 167920.

—900

71. T luate th ion —————
o evaluate the expression 300 =174’

enter the expression (270-900) /(300-174)

using the following keystrokes.

2o B [o] (o] [of EEEEC][3][o][0
- JHIEI | oy

The result is shown in the following figure.

{Z7E-088) 7 366-1
iy -

270 — 900

I L7V
N 300 — 174

73. First, store —93 in A with the following keystrokes. The variable A is
located above the MATH button. Press the ALPHA key to access A.

] (2] ] S e

Second, store 84 in B with the following keystrokes. The variable B is located
above the APPS button. Press the ALPHA key to access B.

IR s o I E

Second Edition: 2012-2013




1.2. ORDER OF OPERATIONS 17

Finally, enter the expression (A~2+B~2) / (A+B) with the following keystrokes.

I 0 S I ) D [ )
I 0 S Y [

The results are shown in the following figure
-23+A
S4B
S
CASZ+E2 0 CATED
-1745

=

2 b2
= —1745.

Hence,

75. Start with the formula F' = (9/5)C + 32, replace the variables C' with open
parentheses, then substitute 60 for C' and simplify.

F= %C + 32 Fahrenheit formula.
= g ()+32 Replace C' with open parentheses.
g (60) 4 32 Substitute: 60 for C'.
— 108 + 32 Multiply: (9/5)60 = 108,
= 140 Add: 108 + 32 = 140.

Hence, the Fahrenheit temperature is 140° F.

77. Start with the kinetic energy formula K = (1/2)mwv?, replace the variables
m and v with open parentheses, then substitute 7 for m and 50 for v and
simplify.

=
[

Kinetic energy formula.

3
e

Replace m and v with open parentheses.

Il
»—twll—tmlb—twln—t
—
S~—
—
S~—
[\v]

(7)(50)2 Substiute: 7 for m, 50 for v.
=5 (7)(2500) Square: (50)2 = 2500.
= 8750 Multiply: (1/2)(7)(2500) = 8750.

Hence, the kinetic energy of the object is 8, 750 joules.
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18 CHAPTER 1. THE ARITHMETIC OF NUMBERS

1.3 The Rational Numbers

1. The greatest common divisor of the numerator and denominator is ged(20, 50) =
10. Divide numerator and denominator by 10.

2 20+1
5—8 = 28 - 18 Divide numerator and denominator
- by the greatest common divisor.
2
= Simplify.

3. The greatest common divisor of the numerator and denominator is ged(10, 48) =
2. Divide numerator and denominator by 2.

1 10+2
4—2 = 18 5 Divide numerator and denominator
- by the greatest common divisor.
5
=31 Simplify.

5. The greatest common divisor of the numerator and denominator is ged(24, 45) =
3. Divide numerator and denominator by 3.

24 243
T - 91=3 Divide numerator and denominator
- by the greatest common divisor.
8
=1 Simplify.

7. Prime factor both numerator and denominator, then cancel common factors.

153 3-3-17 Prime factorizati
—_— = - rime factorization.
170 ~ 2.5-17 ¢ factotiato
3-3-
= m’lf/ Cancel common factors.
33
=573
= % Simplify numerator and denominator.

9. Prime factor both numerator and denominator, then cancel common factors.

188  2-2.47 Prime factorizati
TR IPT: rime factorization.
2.2-47
=" Cancel common factors.
AT
2.2
3
4
=3 Simplify numerator and denominator.
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1.3. THE RATIONAL NUMBERS 19

11. Prime factor both numerator and denominator, then cancel common fac-
tors.

159  3-53 e factoriati
106 9.r2 rime factorization.
106 2-53 1 izati
3- .
~35.53 ;52: Cancel common factors.
_3
T2

13. First, multiply numerators and denominators. Then prime factor the
resulting numerator and denominator and cancel like factors. Simplify your
final answer.

20 18 360 e .
5 <—1—3> =T Unlike signs yields negative answer.
__22:2:3:35 Prime factor numerator and denominator.
2.2.2-13
2-2-2-3-3-5
=— Cancel common factors.
22213
_ 3:3-5
N 13
45 T .
=13 Simplify numerator and denominator.

15. First, multiply numerators and denominators. Then prime factor the
resulting numerator and denominator and cancel like factors. Simplify your
final answer.

19 18 342
I (—E> =57 Like signs yields positive answer.
2.3.3.1
= 23273139 Prime factor numerator and denominator.
-3-3-19
= 27 Cancel common factors.
%.2.13
~3-3-19
- 2.13
171 . . .
=5 Simplify numerator and denominator.

17. First, multiply numerators and denominators. Then prime factor the
resulting numerator and denominator and cancel like factors. Simplify your
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20 CHAPTER 1. THE ARITHMETIC OF NUMBERS

final answer.

16 19 304
S 8- 8 Unlike signs yields negative answer.

2:2-2-2-1

= —79 Prime factor numerator and denominator.
2:2-2-2-3

.9.9.9.19

= —M Cancel common factors.

2-2-2-2-3

“|z

19. Factor the individual numerators and denominators first, cancel common
factors, then multiply numerators and denominators. Like signs gives a positive

answer.
5 12 5 2.2.3
6 49) 2.3 7.7

“ (77

21. Factor the individual numerators and denominators first, cancel common
factors, then multiply numerators and denominators. Unlike signs gives a neg-
ative answer.

21 12 3.7 2-2-3

10 55 2.5 5-11
_ 37 223
2.5 5-11
_3:7-2-3
~ 5-5-11
126
275

23. Factor the individual numerators and denominators first, cancel common
factors, then multiply numerators and denominators. Unlike signs gives a neg-
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1.3. THE RATIONAL NUMBERS 21

ative answer.

5 2.3-3.3
(23
_5.2.3-3.3

- 29

270

)

25. First, invert and multiply.

S0, (_5y_50 (.58

39 7\ 58) 39 5
Factor the individual numerators and denominators first, cancel common fac-
tors, then multiply numerators and denominators. Unlike signs gives a negative

answer.
2:5-5 2-29
3-13 5

2-3-5 2-29
ERE '(_ 5 )
2.5.2-29
- 3.13
580

39

27. First, invert and multiply.

_60 .34 60 31
17 " 31 17 34

Next, factor the individual numerators and denominators first, cancel com-
mon factors, then multiply numerators and denominators. Unlike signs gives
a negative answer.

~2-2-3-5 3l
N 17 217
__2-2-3-5 31
N 17 217
_2-3-5-31

17-17
_ 930
289
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22 CHAPTER 1. THE ARITHMETIC OF NUMBERS

29. First, invert and multiply.

T BY_ T (28
10 ° 28) 10 13

Factor the individual numerators and denominators first, cancel common fac-
tors, then multiply numerators and denominators. Like signs gives a positive
answer.

727
T 5-13
_ 98
T 65

31. Since the denominators are different, start by writing equivalent fractions
using the least common denominator. Then add the numerators over the com-
mon denominator and simplify.

5 2 1 3 . .
e T Make equivalent fractions
6 2 43 with LCD = 12.
10 3
=—— 4+ — Simplify numerators and
1212 denominators.
—10+3
= —0+9 Add numerators over common
12 denominator.
-7
BRT) Simplify numerator.

Although this answer is perfectly acceptable, negative divided by positive gives
a negative answer, so we could also write

7

12

33. Since the denominators are different, start by writing equivalent fractions
using the least common denominator. Then add the numerators over the com-
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1.3. THE RATIONAL NUMBERS 23

mon denominator and simplify.

1 1 1
—% + <—§> = —% 1 + <—— . §> Make equivalent fractions
with LCD = 9.

Simplify numerators and

Il
|
©olow
_|_
/I\
©olw
N——

denominators.
-84+ (-3
= & Add numerators over
9 common denominator.
—11
=5 Simplify numerator.

Although this answer is perfectly acceptable, negative divided by positive gives
a negative answer, so we could also write

11
9

35. First simplify by rewriting as an addition problem. Then, since the de-
nominators are different, write equivalent fractions using the least common
denominator. Finally, add the numerators over the common denominator and
simplify.

1 2 1 2 . .
e (_§> =1 + 9 Rewrite as an addition problem.
1 9 2 4 S
=— =4 == Equivalent fractions
499 4 with LCD = 36.
9 8 N
=—— 4+ — Simplify numerators and
36~ 36 denominators.
-948
= + Add numerators over
36 common denominator.
-1
=3 Simplify numerator.

Although this answer is perfectly acceptable, negative divided by positive gives
a negative answer, so we could also write

1

36
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24 CHAPTER 1. THE ARITHMETIC OF NUMBERS

37. Start by changing subtraction into addition.
4 4
—% —F= _8 + <——> Add the opposite.

Make equivalent fractions over a common denominator. Then add the numer-
ators over the common denominator and simplify.

8 5 4 9 . .
=-3 ; + <_g . 5) Make equivalent fractions
7 with LCD = 45.
4
= _40 + _36 Simplify numerators and
45 45 .
denominators.
4 _
= M Add numerators over common
45 denominator.
—76
= Simplify numerator.

Although this answer is perfectly acceptable, negative divided by positive gives
a negative answer, so we could also write

_16
15

39. Evaluate the expression inside the absolute value bars first.

8 5 2 8 |5 2 .
5_‘5_3‘5_ 5-|-<—g>‘ Add the opposite.
5 2 2
= 8_12 2 +—-=-= Make equivalent fractions
9 12 5 5 2
8 |25 4
=—-_ 1= - ith LCD = 10.
o |wo* ( 10) ‘ .
8 21
=57 110 Add numerators over

Common denominator.
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1.3. THE RATIONAL NUMBERS 25

Next, take the absolute value, then make equivalent fractions with a common
denominator and simplify.

= % — % Take absolute value.
= g + <—%) Add the opposite.
= g . % + (—% . %) Make equivalent fractions
_ % n <_%> with LCD = 90.
—109
=0 Add.

41. First, evaluate the exponent, then multiply.

(5) () (5)

. N Evaluat ¢
= 36 5 3 Vvaluate exponent.
9 5
-2y Multiply.
36 6 P

Make equivalent fractions with a common denominator, add numerators over
a common denominator and simplify.

49 1 5 6
=% 1 + 53 Make equivalent fractions
49 30
=~ 1= ith LCD = 36.
36 36 A
79 .
= 36 Add over common denominator.

43. Multiply first, then add or subtract as needed.

(5)(7)+ () ()

81 4
= —— Multiply.
T ( 5) ultiply.
81 1 4 7 . e
=37 + (—g . ?> Make equivalent fractions
81 28
= — = ith LCD = 35.
35 F ( 35) .
53 .
=3 Add over common denominator.
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26 CHAPTER 1. THE ARITHMETIC OF NUMBERS

45, Multiply first, then add or subtract as needed.

5 7 9 5 63 .
-3 + 5 <_§> =3 + (—I> Multiply.
5 1 63 2 . N
=37 + <_I . 5) Make equivalent fractions
5 126
:_§+ <—?> with LCD = 8.
131

= —— Add over common denominator.

47. First evaluate exponent, then multiply.

(5 () ()

4
= _7 9y _ 4 Exponent first.
5 2 25
63 4 .
=10 % Multiply.
63 4 .
=1 + <—2—5> Add the opposite.

Make equivalent fractions with a common denominator, then add numerators
over a common denominator and simplify.

63 5 4 2
= —— + ( ) Make equivalent fractions

10 5\ 25 2
315 8
=" - ith LCD = 50.
50 ( 50) .
2
= _% Add over common denominator.

49, Multiply first, then add or subtract as needed.

g — % <_g) = g — (—48—5) Multiply.
= g + % Add the opposite.
= g . g + 4—85 . % Make equivalent fractions
_ Z_g n 4_85 with LCD = 45,
62

= — Add over common denominator.
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1.3. THE RATIONAL NUMBERS 27

51. Multiply first.

HISRCIS

16
=——— |- Multiply.
21 14) witiply
16 9
=___ 4= A h site.
o1 + 11 dd the opposite

Next, make equivalent fractions with a common denominator, add numerators
over a common denominator and simplify.

6 2 9 3
=~313711°3 Make equivalent fractions
32 27
_ 32 ith LCD = 42.
) + D) with LC
5
= I Add over common denominator.

53. Replace each variable with open parentheses, then substitute —1/2 for z,
—1/3 for y, and 5/2 for z.

ay—22=( ) )=( ) Replace variable with parentheses.
2
1 1 5
= <—§> <—§> - (5) Substitute —1/2 for a, —1/3
for y, and 5/2 for z.

First evaluate exponent, then multiply.

1 1 2
= <—§> <—§> — Z5 Exponent first.
1 25
=~ 7 Multiply.
1 2
=5 + (_I5> Add the opposite.

Make equivalent fractions with a common denominator, then add numerators
over a common denominator and simplify.

1 2 25 3 . e
=53 + <—I . §> Make equivalent fractions
2 75
_ (D ith LCD = 12.
B + ( 12) with LC
73 .
=3 Add over common denominator.
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28 CHAPTER 1. THE ARITHMETIC OF NUMBERS

55. Replace each variable with open parentheses, then substitute 3/4 for x
and —1/2 for y.

—52° + 27 = —5( )’ +2( )
2 2
()

Exponents first: (3/4)2 = 9/16 and (—1/2)? = 1/4.

9 1
=-5(55) +2(1)
Multiply: —5(9/16) = —45/16 and 2(1/4) = 1/2

45+1
16 2

Make equivalent fractions with LCD = 16, then add the numerators over the
common denominator and simplify.

57. Replace each variable with open parentheses, then substitute 3/2 for x
and —3/4 for y.

22% — 22y —3y2=2( )*—2( )( )-3( )
2 2
()0 ()

Exponents first: (3/2)% = 9/4 and (—3/4)? = 9/16.

ROROIORE

Multiply: 2(9/4) = 9/2, 2(3/2)(—3/4) = —9/4, and 3(9/16) = 27/16.

N A1
) 4 16

Second Edition: 2012-2013



1.3. THE RATIONAL NUMBERS 29
Add the opposite.

9,9 (.
2 4 16

Make equivalent fractions with LCD = 16, then add the numerators over the
common denominator and simplify.

9 8 9 4 27 1
§'§+ZZ+(_E'T>
7236 27
1_+1_+(_1_6>

!

~ 16

59. Replace all variables with open parentheses, then substitute —1/3 for z,
1/6 for y, and 2/5 for z.

c+yz=( )+( )( ) Replace variables with parentheses.

1 1 2 . .
— <_§> _ <6> <g> Substitute —1/3 for z, 1/6

for y, and 2/5 for z.

Multiply first, then subtract.

=3 T Multiply.
_ 2 + ! Add th 31t
=3 5 e opposite.

Make equivalent fractions with a common denominator, then add numerators
over the common denominator and simplify.

15 1 1
—_2.2 +—-=- = Make equivalent fractions
3 5 15 1
5 1
_ 2 (L ith LCD = 15.
T5 + ( 15) with LC 5
6 .
=15 Add over common denominator.
2 S
=—z Simplify.
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30 CHAPTER 1. THE ARITHMETIC OF NUMBERS

61. Replace each variable with open parentheses, then substitute 4/7 for a,
7/5 for b, and 5/2 for c.

ab+be=( )( )+( )( )

Multiply and reduce.

Make equivalent fractions with LCD(5,2) = 10, then add numerators over a
common denominator and simplify.

63. Replace each occurrence of the variable x with open parentheses, then
substitute —1/2 for x.

P =) Replace variable with
open parentheses.
3
= (—§> Substitute —1/2 for x.

In the expression (—1/2)3, the exponent 3 tells us to write the base —1/2 three
times as a factor.

1 1 1
— <—_) (——) (——) Write —1/2 as a
2 2 2 .
factor three times.
== The product of three

negative fractions is
negative.
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1.3. THE RATIONAL NUMBERS 31

65. Replace all variables with open parentheses, then substitute —8/5 for x,
1/3 for y, and —8/5 for z.

x—yz=( )—( )( ) Replace variables with parentheses.
8 1 8
= (—g) - <§> <_3> Substitute —8/5 for x, 1/3
for y, and —8/5 for z.

Multiply first, then add or subtract as needed.

8 8 .
== <—1—5> Multiply.

8 8 .
=z + G Add the opposite.

Make equivalent fractions with a common denominator, then add numerators
over the common denominator and simplify.

8 3 8 1
=-5'3 + 1 Make equivalent fractions

24 8

T + 15 with LC 5

16 .
=1 Add over common denominator.

67. Replace each occurrence of the variable x with open parentheses, then
substitute —8/3 for x. Note that we must deal with the exponent first, then
negate our answer in the final step.

—z?=—( )2 Replace variable with
open parentheses.
8\ 2
= <_§> Substitute —8/3 for x.

_ <_§> (_§> Write —8/3 as a

factor two times.

64 .
= - <§> The product of two
negative fractions is
positive.
64
=—— Negate.
9 g
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32 CHAPTER 1. THE ARITHMETIC OF NUMBERS

69. First, replace each variable with open parentheses, then substitute 7/2 for
x, —5/4 for y, and —5/3 for z.

2yz=( Y+ )() Replace variables with parentheses.
2
= (;) + <—g> <_§> Substitute: 7/2 for z, —5/4
for y, and —5/3 for z

Next, evaluate the exponent, then multiply.

_ @ 4 _§ —§ Evaluate exponent

=7 1)\ 73 v ponent
49 25 .

= + D Multiply.

Make equivalent fractions with a common denominator, add numerators over
a common denominator and simplify.

49 3 25 1 . . .
=73 + 51 Make equivalent fractions

147 25
=42 ith LCD = 12.

B + D with LC

172 .
=17 Add over common denominator.

43
= 5 Simplify.

71. The Rules Guiding Order of Operations requires that we first perform the
division. Hence:

a—l—b/c—i—d:a—i—g—i—d

73. The Rules Guiding Order of Operations requires that we attend the paren-
theses first, then the division, then the addition. Hence:

75. Enter the expression 4125/1155, then press the ENTER key. Select
1:»Frac from the MATH menu, then press ENTER again. The result is shown
in the following figure.

41251155
3. 371428571

AnsrkFrac
25.7
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1.4. DECIMAL NOTATION 33

77. Enter the expression (45/84) % (70/33), then press the ENTER key. Select
1:»Frac from the MATH menu, then press ENTER again. The result is shown
in the following figure.

C4ES0d 3k PRATT
1. 1363635636
ArnzsrFrac
25422

Note: The parentheses are not required here, as was explained in part (b) of
Example 77, but they do help emphasize the proper order of operations in this
case.

79. Enter the expression (—28/33)/(—35/44), then press the ENTER key.
Select 1:»Frac from the MATH menu, then press ENTER again. The result
is shown in the following figure.

i -2RA3E S 30044

1. BEEEREEET
Arnz*¥Frac
16+15

Note: The parentheses are required here, as was explained in part (¢) of Exam-
ple 77.

1.4 Decimal Notation

1. The two decimals are both negative. First add the magnitudes. Include
trailing zeros if necessary to align the decimal points.

2.835
+8.759
11.594

Finish by prefixing the common negative sign. Hence,

—2.835 + (—8.759) = —11.594
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34 CHAPTER 1. THE ARITHMETIC OF NUMBERS

3. First rewrite the problem as an addition problem by adding the opposite of
the second number:
19.5 - (-1.6) =19.5+ 1.6

Then compute the sum. Include trailing zeros if necessary to align the decimal
points.

19.5
+1.6

21.1
Thus,

19.5 — (—1.6) = 19.5+ 1.6
=21.1

5. First rewrite the problem as an addition problem by adding the opposite of
the second number:
—2—-049 = -2+ (-0.49)

In this addition problem, the decimals have like signs. Therefore, start by
adding the magnitudes. Include trailing zeros if necessary to align the decimal
points.

2.00
+0.49
2.49

Finish by prefixing the common negative sign. Thus,

—2-0.49 = -2+ (—0.49)
=249

7. Use vertical format with the unsigned numbers. Since there are a total of
3 digits to the right of the decimal point in the original numbers, the answer
also has 3 digits to the right of the decimal point.

1.2
x 0.05
0.060

Like signs give a positive result. Therefore,

(—1.2)(—0.05) = 0.06
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9. The decimals have unlike signs. First subtract the smaller magnitude from
the larger magnitude. Include trailing zeros if necessary to align the decimal
points.

23.49
—0.13
23.36

Finish by prefixing the sign of the decimal with the larger magnitude. Hence,

—0.13 4+ 23.49 = 23.36

11. The decimals have unlike signs. First subtract the smaller magnitude from
the larger magnitude. Include trailing zeros if necessary to align the decimal
points.

41.205
—16.400
24.805

Finish by prefixing the sign of the decimal with the larger magnitude. Hence,

16.4 4 (—41.205) = —24.805

13. First divide the magnitudes. Move the decimal point in the divisor and
dividend two places to the right:

0.49 )0

.45 08
L+ ¢

Then, by long division,

Unlike signs give a negative quotient, so —0.4508 + 0.49 = —0.92.
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15. Use vertical format with the unsigned numbers. Since there are a total of
3 digits to the right of the decimal point in the original numbers, the answer
also has 3 digits to the right of the decimal point.

1.42
X 3.6

852
426
5.112

Like signs give a positive result. Therefore,

(—1.42)(—3.6) = 5.112

17. First divide the magnitudes. Move the decimal point in the divisor and
dividend two places to the right:

Then, by long division,

Unlike signs give a negative quotient, so 2.184 = (—0.24) = —9.1.

19. Use vertical format with the unsigned numbers. Since there are a total of
2 digits to the right of the decimal point in the original numbers, the answer
also has 2 digits to the right of the decimal point.

7.1

x 4.9

6 39
28 4

34.79

Like signs give a positive result. Therefore,

(—7.1)(=4.9) = 34.79
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21. First divide the magnitudes. Move the decimal point in the divisor and
dividend one place to the right:

9.5)7.4 10

5 )74
L
Then, by long division,

0.78

95)74.10
66 5
“760

760

0

Unlike signs give a negative quotient, so 7.41 + (—9.5) = —0.78.

23. First divide the magnitudes. Move the decimal point in the divisor and
dividend one place to the right:

2.8)240 8

.8)24.0
[
Then, by long division,
8.6
28)240.8
224

16 8

16 8

0

Unlike signs give a negative quotient, so —24.08 + 2.8 = —8.6.

25. Use vertical format with the unsigned numbers. Since there are a total of
3 digits to the right of the decimal point in the original numbers, the answer
also has 3 digits to the right of the decimal point.

4.04
x 0.6
2.424

Like signs give a positive result. Therefore,

(—4.04)(—0.6) = 2.424
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27. First rewrite the problem as an addition problem by adding the opposite
of the second number:
72— (=1)=-7247

In this addition problem, the decimals have unlike signs. Therefore, start by
subtracting the smaller magnitude from the larger magnitude. Include trailing
zeros if necessary to align the decimal points.

7.200
— 7.000
0.200

Finish by prefixing the sign of the decimal with the larger magnitude. Thus,

72— (=T)=-T2+7
— 02

29. Use vertical format with the unsigned numbers. Since there are a total of
2 digits to the right of the decimal point in the original numbers, the answer
also has 2 digits to the right of the decimal point.

46.9
x 0.1
4.69

Unlike signs give a negative result. Therefore,

(46.9)(—0.1) = —4.69

31. Use vertical format with the unsigned numbers. Since there are a total of
2 digits to the right of the decimal point in the original numbers, the answer
also has 2 digits to the right of the decimal point.

86.6
x 1.9
77 94
86 6
164.54

Unlike signs give a negative result. Therefore,

(86.6)(—1.9) = —164.54

Second Edition: 2012-2013



1.4. DECIMAL NOTATION 39

33.

35. Simplify the expression inside the absolute value bars first.

~ 349+ |- 6.9 — (~15.7)]
=—-349+|—-6.9+15.7] Subtract: Add the opposite.

= —3.49 + [8.8| Add: —6.9 + 15.7 = 8.8.
=-3.49+838 Take absolute value: |8.8] = 8.8.
=531 Add: —3.49+4 8.8 =5.31.

37. Simplify the expression inside the absolute value bars. First, add the
opposite.

18.9 — 1.55) — | — 16.1 — (—17.04)|
= |18.9 4+ (—1.55)| — | — 16.1 + 17.04| Add the opposite.
= |17.35| — ]0.939999999999998| Add.
= 17.35 — 0.939999999999998 Take absolute value.
=16.41 Subtract.

39. Cube first, then subtract.

82— (-3.1)3
=8.2—(-29.791) Cube: (—3.1)3 = —29.791
=8.2+29.791 Add the opposite.
=37.991 Add: 8.2+ 29.791 = 37.991.

41. First evaluate exponents, then multiply, and then subtract.

5.7 — (—8.6)(1.1)?
=5.7—(-8.6)(1.21) Exponents first: 1.1% = 1.21.

= 5.7 — (—10.406) Multiply: (—8.6)(1.21) = —10.406.
= 5.7+ 10.406 Subtract: Add the opposite.
= 16.106 Add: 5.7+ 10.406 = 16.106.
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43. First evaluate exponents, then multiply, and then subtract.

(5.67)(6.8) — (1.8)*

= (5.67)(6.8) — 3.24 Exponents first: (1.8)% = 3.24.
= 38.556 — 3.24 Multiply: (5.67)(6.8) = 38.556.
= 38.556 + (—3.24) Subtract: Add the opposite.

= 35.316 Add: 38.556 + (—3.24) = 35.316.

45. Simplify the expression inside the parentheses first.

9.6 + (—10.05 — 13.16)
=9.64 (—10.05+ (—13.16))  Subtract: Add the opposite.
= 9.6+ (—23.21) Add: —10.05 + (—13.16) = —23.21.
= -13.61 Add: 9.6+ (—23.21) = —13.61.

47. Multiply first, then add.

8.1+ 3.7(5.77)
— 8.1+ 21.349 Multiply: 3.7(5.77) = 21.349
= 29.449 Add: 8.1 + 21.349 = 29.449.

49. The Rules Guiding Order of Operations tell us that we should first evaluate
the expression inside the parentheses, then divide, then add.

754 34.5/(—1.6+85) =7.5+345/69  Add: —1.6+8.5 = 6.9
=75+5 Divide: 34.5/6.9 = 5
=125 Add: 7.5+5=12.5

51. The Rules Guiding Order of Operations tell us that we should first evaluate
the expression inside the parentheses, then divide, then add.

(8.0+22)/51—4.6=102/5.1—4.6  Add: 8.0+2.2=10.2

=2-46 Divide: 10.2/5.1 =2
=-26 Subtract: 2 —4.6 = —-2.6
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53. Simplify the expression inside the absolute value bars first.

—18.24— | —18.5—19.7|
=—18.24 — | — 185+ (—19.7)| Subtract: Add the opposite.
= —18.24 — | — 38.2 Add: —18.5+ (—19.7) = —38.2.
=—18.24 — 38.2 Take absolute value: | — 38.2| = 38.2.
= —18.24+ (—38.2) Subtract: Add the opposite.
= —56.44 Add: —18.24 + (—38.2) = —56.44.

55. First take the absolute value, then subtract.

— 437 —| - 8.97|
= —4.37-8.97 Absolute value: | —8.97| = 8.97
= —4.37+ (-8.97) Add the opposite.
= —13.34 Add: —4.37 + (—8.97) = —13.34.

57. Simplify the expression inside the parentheses first.

7.06 — (—1.1 —4.41)
=7.06—(—1.1+ (—4.41)) Subtract: Add the opposite.

=7.06 — (—5.51) Add: —1.1+4 (—4.41) = —5.51.
=7.06 4+ 5.51 Subtract: Add the opposite.
= 12.57 Add: 7.06 + 5.51 = 12.57.

59. Square first, then subtract.

—2.2— (—4.5)?
= -2.2-20.25 Square: (—4.5)% = 20.25
= —2.2+(—20.25) Add the opposite.
= —22.45 Add: —2.2 + (—20.25) = —22.45.

61. Replace each variable with open parentheses, then substitute —2.9 for a
and —5.4 for b.

a—bt?=()-( )
= (=2.9) — (=5.4)
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Square first, then subtract.

—2.9 — (—5.4)?
=-29-29.16 Square: (—5.4)% = 29.16
=—2.9+(-29.16) Add the opposite.
= —32.06 Add: —2.9 + (—29.16) = —32.06.

63. Replace each variable with open parentheses, then substitute —19.55 for
a, 5.62 for b, and —5.21 for c.

atb—c=()+[( )=( )]
= (=19.55) + | (5.62) — (=5.21) |

Simplify the expression inside the absolute value bars first.

—19.55 + [5.62 — (=5.21)]
= —19.55+15.62+5.21]  Subtract: Add the opposite.

= —19.55 4 |10.83| Add: 5.62 +5.21 = 10.83.
= —19.55+10.83 Take absolute value: [10.83] = 10.83.
= —8.72 Add: —19.55+ 10.83 = —8.72.

65. Replace each variable with open parentheses, then substitute 4.3 for a, 8.5
for b, and 1.73 for c.

a=be=( )=()()
= (4.3) — (8.5) (1.73)

Multiply first, then subtract.

4.3 — 8.5(1.73)
— 4.3~ 14.705 Multiply: 8.5(1.73) = 14.705
=4.34 (—14.705) Add the opposite.
= —10.405 Add: 4.3 + (—14.705) = —10.405.

67. Replace each variable with open parentheses, then substitute —7.36 for a,
—17.6 for b, and —19.07 for c.

a=(b—c)=( )= )=())
= (=7.36) — ((—17.6) — (—19.07))
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Simplify the expression inside the parentheses first.

—7.36 — (—17.6 — (—19.07))
=-7.36—(—17.6 4+ 19.07) Subtract: Add the opposite.

= —-7.36 — 1.47 Add: —17.6 + 19.07 = 1.47.
= —7.36 + (—1.47) Subtract: Add the opposite.
= —8.83 Add: —7.36 + (—1.47) = —8.83.

69. Replace each variable with open parentheses, then substitute 4.7 for a,
54.4 for b, 1.7 for ¢, and 5.1 for d..

a+b/lc+d)=( )+( )/ )+( )
= (4.7) + (54.4) / ((1.7) + (5.1))

The Rules Guiding Order of Operations tell us that we should first evaluate
the expression inside the parentheses, then divide, then add.

4.7+54.4/(1.74+5.1) =4.74+54.4/6.8 Add: 1.74+5.1=6.8
=4.74+38 Divide: 54.4/6.8 =8
=127 Add: 4.7+8=12.7

71. Replace each variable with open parentheses, then substitute —2.45 for a,
5.6 for b, and —3.2 for c.

ab—c®=( )( )-( )
= (—2.45) (5.6) — (—3.2)
First evaluate exponents, then multiply, and then subtract.

(—2.45)(5.6) — (—3.2)2
(—2.45)(5.6) — 10.24 ~ Exponents first: (—3.2)% = 10.24.

= —13.72-10.24 Multiply: (—2.45)(5.6) = —13.72.
= —13.72+ (—10.24) Subtract: Add the opposite.
= —23.96 Add: —13.72 + (—10.24) = —23.96.

73. Replace each variable with open parentheses, then substitute —4.9 for a
and —2.67 for b.

a—1bl=()=1()]
= (=4.9) — | (~2.67)|
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First take the absolute value, then subtract.

—4.9 -] —2.67|
=—-4.9-2.67 Absolute value: | —2.67| = 2.67
=—4.9+ (-2.67) Add the opposite.
= —7.57

Add: —4.9 + (—2.67) = —7.57.

75. First, store 1.25 in the variable X with the following keystrokes.

12 s ] e ENTER

Next, enter the expression 3.5 — 1.7z with the following keystrokes.

3'5-1-7

The results are shown below.

1. 25+

1.25
F.5-1. 7
. 1.375

Thus, the answer is approximately 1.375. We now need to round this answer

to the nearest tenth. Mark the rounding digit in the tenths place and the test
digit to its immediate right.

Test digit

L[3][7]5

Rounding digit
Because the test digit is greater than or equal to 5, add 1 to the rounding digit,
then replace all digits to the right of the rounding digit with zeros.

1.375 ~ 1.400

Delete the trailing zeros from the end of the fractional part of a decimal. This
does not change our answer’s value.

1.375~ 14
Therefore, if x = 1.25. then to the nearest tenth:

3.5—1.Tr~1.4
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77. First, store 2.86 in the variable X with the following keystrokes.

2 : 8 6 | ISENO ENTER

Next, enter the expression 1.72% — 3.2x + 4.5 with the following keystrokes.

1) (] (7)o D ) ) ) [ I
15| B

The results are shown below.

2,863
286
%. TR =T, 2,
Q. 25332

Thus, the answer is approximately 9.25332. We now need to round this answer
to the nearest hundredth. Mark the rounding digit in the hundredths place
and the test digit to its immediate right.

Test digit

9.2[5][3]32

Rounding digit

Because the test digit is less than 5, leave the rounding digit alone, then replace
all digits to the right of the rounding digit with zeros.

9.25332 = 9.25000

Delete the trailing zeros from the end of the fractional part of a decimal. This
does not change our answer’s value.

9.25332 ~ 9.25
Therefore, if x = 2.86. then to the nearest hundredth:

1.72%2 — 3.20 + 4.5 ~ 9.25
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79. First, store —1.27 in the variable X with the following keystrokes.

OfFf 2] 7] K

Next, enter the expression —18.6 4 4.4x2 — 3.2 with the following keystrokes.

0[] (5] ) ) I (1 1 D ]
s|[-1[2 X.T.0.n Bl oNTER

The results are shown below.

m1. 2V
=1.27
-18., e+d . 23
25
=4.2434144

Thus, the answer is approximately —4.9484144. We now need to round this
answer to the nearest thousandth. Mark the rounding digit in the thousandths
place and the test digit to its immediate right.

Test digit

—4.94[8][4]144

Rounding digit

Because the test digit is less than 5, keep the rounding digit the same, then
replace all digits to the right of the rounding digit with zeros.

—4.9484144 ~ —4.9480000

Delete the trailing zeros from the end of the fractional part of a decimal. This
does not change our answer’s value.

—4.9484144 ~ —4.948
Therefore, if x = —1.27. then to the nearest thousandth:

—18.6 + 4.42°% — 3.22% ~ —4.948
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1.5 Algebraic Expressions
1. Use the associative property to regroup, then simplify.

—3(6a) = ((—3) - 6)a Apply the associative property.
= —18a Simplify.

3. Use the associative property to regroup, then simplify.

—9(6ab) = ((—9) - 6)ab Apply the associative property.
= —bH4ab Simplify.

5. Use the associative property to regroup, then simplify.

—7(32%) = ((=7) - 3)2? Apply the associative property.
= —21a? Simplify.

7. Use the distributive property to expand the expression, and then use order
of operations to simplify.

4(3x — Ty) = 4(3x) — 4(Ty) Apply the distributive property.
=12z — 28y Simplify.

9. Use the distributive property to expand the expression, and then use order
of operations to simplify.

—6(—y +9) = —6(—y) + (—6)(9) Apply the distributive property.
=6y —54 Simplify.

11. Use the distributive property to expand the expression, and then use order
of operations to simplify.

—9(s+9)=-9(s) + (—9)(9) Apply the distributive property.
= —9s—-81 Simplify.

13. To negate a sum, simply negate each term of the sum:

—(—3u—6v+8)=3u+6v—38
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15. Use the distributive property to expand the expression, and then use order
of operations to simplify.

—8(4u? — 6v%) = —8(4u?) — (—8)(6v?) Apply the distributive property.
= —32u” + 4802 Simplify.

17. To negate a sum, simply negate each term of the sum:

—(Tu+10v+8) = —7u— 10v — 8

19. First use the distributive property to factor out the common variable part.
Then simplify.

—19z + 172 — 17Te = (=194 17— 17)x Distributive property.
=—192 Simplify.

21. First use the distributive property to factor out the common variable part.
Then simplify.

142® — 102% = (14 — 10)2® Distributive property.
= 4a3 Simplify.

23. First use the distributive property to factor out the common variable part.
Then simplify.

9y?x + 13y%x — 3y*r = (9 + 13 — 3)y’x Distributive property.
= 19y%z Simplify.

25. First use the distributive property to factor out the common variable part.
Then simplify.

15m + 14m = (15 4+ 14)m Distributive property.
=29m Simplify.

27. Combine like terms and write down the answer.
9—1Tm—m+7=16—18m

Hint: 94+7 =16 and —17m — m = —18m.
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29. Combine like terms and write down the answer.
—6y? — 323 4+ 4y% + 32 = —2¢°

Hint: —6y® + 4y? = —2y2 and —3z> + 323 = 0.

31. Combine like terms and write down the answer.
-5 —16+5—20m = —25m — 11

Hint: —5m — 20m = —25m and —16 +5 = —11.

33. Combine like terms and write down the answer.
—1622%y + 7y — 12y° — 122%y = —282%y — 5y

Hint: —1622y — 122%y = —28z2y and Ty> — 12y3 = —5y3.

35. Combine like terms and write down the answer.
—14r+16—-T7r —17=-21r — 1

Hint: —14r — 7r = —=21r and 16 — 17 = —1.

37. Combine like terms and write down the answer.
14 — 16y — 10 — 13y =4 — 29y

Hint: 14 — 10 =4 and —16y — 13y = —29y.

39. Use the distributive property to expand the expression. Then combine like
terms mentally.

3—(=by+1)=3+5y—1 Distribute (negate the sum).
=245y Combine like terms.

41. Use the distributive property to expand the expression. Then combine like
terms mentally.

— (9y? + 22?) — 8(5y% — 622)
= —9y? — 222 — 40y? + 48> Distribute.
= —49y? + 462° Combine like terms.
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43. Use the distributive property to expand the expression. Then combine like
terms mentally.

2(10 — 6p) + 10(—2p+5) =20 — 12p — 20p+ 50  Distribute.
=70—-32p Combine like terms.

45. Use the distributive property to expand the expression. Then combine like
terms mentally.

4(—=10n+5) — 7(Tn — 9) = —40n + 20 — 49n + 63  Distribute.
= —89n + 83 Combine like terms.

47. Use the distributive property to expand the expression. Then combine like
terms mentally.

—4x —4— (10x — 5) = —42 —4— 10z + 5 Distribute (negate the sum).
=14z +1 Combine like terms.

49. First use the distributive property to expand the expression. Then rear-
range the terms and combine like terms.

—7—(5+3x)=-7-5-3z Distribute (negate the sum).

=-12— 3z Combine like terms.

51. Use the distributive property to expand the expression. Then combine like
terms mentally.

—8(—by —8) = 7(—2+49y) = 40y + 64 + 14 — 63y  Distribute.
= —23y 4 78 Combine like terms.

53. Use the distributive property to expand the expression. Then combine like
terms mentally.

4(=T1y? — 922y) — 6(=b2y — 5y?)
= —28y% — 362%y + 302%y + 30y> Distribute.

= 2y% — 622y Combine like terms.

55. Use the distributive property to expand the expression. Then combine like
terms mentally.

6s—7—(2—4s)=6s—T7—2+4s Distribute (negate the sum).

=10s—-9 Combine like terms.
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57. Use the distributive property to expand the expression. Then combine like
terms mentally.

9(9—10r) + (-8 —2r) =81 —90r — 8 — 2r Distribute.
=73 —-92r Combine like terms.

59. We analyze the expression inside the parentheses first. Multiply first,
distributing the —5.

—Tx 4 722 — 5[8z + 5]] = —7x + 7(2z — 40z — 25)
= —Tx + 7(—38z — 25)

Next, distribute 7 and simplify.

= —Tz — 2662 — 175
= 273z — 175

61. We analyze the expression inside the parentheses first. Multiply first,
distributing the 2.

6x — 4[—3z + 2[5z — 7]] = 6z — 4(—3x + 10z — 14)

=6z —4(7x — 14)
Next, distribute —4 and simplify.

= 6x — 28z + 56

= —22x 4+ 56

63. We analyze the expression inside the parentheses first. Multiply first,
distributing the —3.

—8x — 5[2x — 3[—4x + 9]] = =8z — 5(2x + 122 — 27)
= —8x — 5(14x — 27)

Next, distribute —5 and simplify.

= —8x — 70x + 135
= —T78x + 135
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Chapter 2

Solving Linear Equations

2.1 Solving Equations: One Step

1. Substitute 2 for x in the equation, then simplify both sides of the resulting
equation.

r+2=4 Original equation.
2+2=4 Substitute 2 for x.
4=14 Simplify both sides.

This last equation is a true statement. Hence, 2 is a solution of the equation
x + 2 = 4. For contrast, substitute 3 for z in the equation and simplify.

r+2=4 Original equation.
34+2=4 Substitute 3 for x.
5=4 Simplify both sides.

This last equation is not a true statement. Hence, 3 is not a solution of
x + 2 = 4. Readers should check that the remaining two given numbers are
not solutions by substituting them into the equation and showing that a false
statement results.

3. Substitute 13 for = in the equation, then simplify both sides of the resulting
equation.

r—9= Original equation.
13—-9=4 Substitute 13 for x.
4=1 Simplify both sides.
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This last equation is a true statement. Hence, 13 is a solution of the equation
x — 9 = 4. For contrast, substitute 14 for z in the equation and simplify.

r—9=4 Original equation.
14—-9=4 Substitute 14 for z.
5=4 Simplify both sides.

This last equation is not a true statement. Hence, 14 is not a solution of
x — 9 = 4. Readers should check that the remaining two given numbers are
not solutions by substituting them into the equation and showing that a false
statement results.

5. Substitute 9 for x in the equation, then simplify both sides of the resulting
equation.

r—3=6 Original equation.
9-3=6 Substitute 9 for x.
6=06 Simplify both sides.

This last equation is a true statement. Hence, 9 is a solution of the equation
x — 3 = 6. For contrast, substitute 10 for z in the equation and simplify.

r—3=6 Original equation.
10-3=6 Substitute 10 for z.
7=6 Simplify both sides.

This last equation is not a true statement. Hence, 10 is not a solution of
x — 3 = 6. Readers should check that the remaining two given numbers are
not solutions by substituting them into the equation and showing that a false
statement results.

7. The number —6 is the only solution of the equation x — 1 = —7. Similarly,

—8 is the only solution of the equation x = —8. Therefore x — 1 = —7 and
x = —8 do not have the same solution sets and are not equivalent.

9. The number 0 is the only solution of the equation x — 5 = —5. Similarly,
0 is the only solution of the equation x = 0. Therefore xt —5 = -5 and z =0

have the same solution sets and are equivalent.

11. By inspection, the equation z? = 1 has two solutions, —1 and 1. On the
other hand, the equation x = 1 has a single solution, namely 1. Hence the
equations 2 = 1 and z = 1 do not have the same solution sets and are not
equivalent.
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13. To undo the effect of subtracting 20, add 20 to both sides of the equation.

r—20=9 Original equation.
z—204+20=9+20 Add 20 to both sides.
=29 On the left, adding 20 “undoes” the

effect of subtracting 20 and returns x.
On the right, 9 + 20 = 29.

Hence, 29 is a solution of x — 20 = 9.

15. To undo the effect of subtracting 3, add 3 to both sides of the equation.

16=2-3 Original equation.
164+3=2—-3+3 Add 3 to both sides.
9=z On the right, adding 3 “undoes” the

effect of subtracting 3 and returns x.
On the left, 16 + 3 = 19.

Hence, 19 is a solution of 16 = z — 3.

17. To undo the effect of adding 11, subtract 11 from both sides of the equation.

4+ 11 =20 Original equation.
r+11-11=20—-11 Subtract 11 from both sides.
z=9 On the left, subtracting 11 “undoes”

the effect of adding 11 and returns z.
On the right, 20 — 11 = 9.

Hence, 9 is a solution of x 4+ 11 = 20.

19. To undo the effect of subtracting 19, add 19 to both sides of the equation.

9=2-19 Original equation.
9419=2-19+19 Add 19 to both sides.
28== On the right, adding 19 “undoes” the

effect of subtracting 19 and returns x.
On the left, 9 + 19 = 28.

Hence, 28 is a solution of 9 =z — 19.
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21. To undo the effect of adding 9, subtract 9 from both sides of the equation.

20=9+=x Original equation.
20-9=9+2z-9 Subtract 9 from both sides.
11==x On the right, subtracting 9 “undoes”

the effect of adding 9 and returns x.
On the left, 20 — 9 = 11.

Hence, 11 is a solution of 20 = 9 + x.

23. To undo the effect of adding 17, subtract 17 from both sides of the equation.

18=17+= Original equation.
18—17=17T+x— 17 Subtract 17 from both sides.
l==x On the right, subtracting 17 “undoes”

the effect of adding 17 and returns z.
On the left, 18 — 17 = 1.

Hence, 1 is a solution of 18 = 17 + .

25. To undo the effect of adding 7, subtract 7 from both sides of the equation.

T+2x=19 Original equation.
T+2x—-7=19-7 Subtract 7 from both sides.
x =12 On the left, subtracting 7 “undoes”

the effect of adding 7 and returns =x.
On the right, 19 — 7 = 12.

Hence, 12 is a solution of 7+ x = 19.

27. To undo the effect of subtracting 9, add 9 to both sides of the equation.

x—9="7 Original equation.
z—9+9=74+9 Add 9 to both sides.
=16 On the left, adding 9 “undoes” the

effect of subtracting 9 and returns z.
On the right, 74 9 = 16.

Hence, 16 is a solution of x — 9 = 7.
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29. To undo the effect of adding 15, subtract 15 from both sides of the equation.

z+15=19 Original equation.
r+15—-15=19—-15 Subtract 15 from both sides.
z=4 On the left, subtracting 15 “undoes”

the effect of adding 15 and returns .
On the right, 19 — 15 = 4.

Hence, 4 is a solution of x 4+ 15 = 19.

31. To undo the effect of adding 10, subtract 10 from both sides of the equation.

10+2 =15 Original equation.
10+2x—-10=15-10 Subtract 10 from both sides.
r =05 On the left, subtracting 10 “undoes”

the effect of adding 10 and returns z.
On the right, 15 — 10 = 5.

Hence, 5 is a solution of 10 + z = 15.

33. To undo the effects of subtracting 4/9, first add 4/9 to both sides of the
equation. Then make equivalent fractions with a common denominator and
simplify.

4 2
T — 9=7 Original equation.
4 4 2 4
x—§—|—§:?+§ Add 4/9 to both sides.
18 28
= — 4+ = On the left, adding 4/9 “undoes”
63 63 the effect of subtracting 4/9 and returns .
On the right, make equivalent fractions
with a common denominator.
46
T = 53 Simplify.

35. To undo the effects of adding 7/4, first subtract 7/4 from both sides of the
equation. Then make equivalent fractions with a common denominator and
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simplify.
7 4
x+ 1=9 Original equation.
T T 4 7
T+ 1 1- 971 Subtract 7/4 from both sides.
T = _16_ 63 On the left, subtracting 7/4 “undoes”
36 36 the effect of adding 7/4 and returns z.
On the right, make equivalent fractions
with a common denominator.
—79
T == Simplify.

37. To undo the effects of adding 5/9, first subtract 5/9 from both sides of the
equation. Then make equivalent fractions with a common denominator and
simplify.

5 7 . .
T+ 9= 3 Original equation.
5 5 7 5
x+ 9 9-32 9 Subtract 5/9 from both sides.
x = 63 _10 On the left, subtracting 5/9 “undoes”
18 18 the effect of adding 5/9 and returns .
On the right, make equivalent fractions
with a common denominator.
53
T = 8 Simplify.

39. To undo the effects of subtracting 9/8, first add 9/8 to both sides of the
equation. Then make equivalent fractions with a common denominator and
simplify.

Original equation.

Ol = N — N =
+

o 8
_|_
| © | ©w
_|_

&
|

Add 9/8 to both sides.

8
I
|

0| © 0| ©

On the left, adding 9/8 “undoes”

the effect of subtracting 9/8 and returns x.
On the right, make equivalent fractions
with a common denominator.

Simplify.

ool ot
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41. To undo multiplying by —5.1, divide both sides of the equation by —5.1.

—5.1x = —12.75 Original equation.
-5.1 —12.

blr  —12.75 Divide both sides by —5.1.
—5.1 —=5.1

x=25 Simplify: —12.75/(—5.1) = 2.5.

43. To undo multiplying by —6.9, divide both sides of the equation by —6.9.

—6.9x = —58.65 Original equation.
—0.9z _ —58.65 Divide both sides by —6.9.
—6.9 —6.9

x =285 Simplify: —58.65/(—6.9) = 8.5.

45. To undo multiplying by —3.6, divide both sides of the equation by —3.6.

—3.6x = —24.12 Original equation.
-3. —24.12
3.6z Divide both sides by —3.6.
—-3.6 —-3.6
x=06.7 Simplify: —24.12/(—3.6) = 6.7.

47. To undo the effect of dividing by 2, multiply both sides of the equation by

g =-—11 Original equation.
P (g) —2(—11) Multiply both sides by 2.
x=—-22 On the left, simplify. On the

right, multiply: 2(—11) = —22.

49. To undo the effect of dividing by 8, multiply both sides of the equation by

8.
3= —18 Original equation.
8 (%) =8(—18) Multiply both sides by 8.
r=—144 On the left, simplify. On the

right, multiply: 8(—18) = —144.
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51. To undo the effect of dividing by —7, multiply both sides of the equation
by —7.

i? =15 Original equation.
s (_17) — _7(15) Multiply both sides by —7.
x = —105 On the left, simplify. On the

right, multiply: —7(15) = —105.

2.2 Solving Equations: Multiple Steps

1. On the left, order of operations demands that we first multiply = by 2,
then subtract 20. To solve this equation for z, we must “undo” each of these
operations in inverse order. Thus, we will first add 20 to both sides of the
equation, then divide both sides of the resulting equation by 2.

20 — 20 = —12 Original equation.

2x — 20420 = —124 20 To “undo” subtracting 20, add 20
to both sides of the equation.

20 =8 Simplify both sides.

2z 8 C ..

— == To “undo” multiplying by 2, divide
2 2 both sides of the equation by 2.
x=4 Simplify both sides.

3. On the left, order of operations demands that we first multiply = by 3, then
add —11. To solve this equation for z, we must “undo” each of these operations
in inverse order. Thus, we will first add 11 to both sides of the equation, then
divide both sides of the resulting equation by 3.

—114+3z=—-44 Original equation.

—114+3z+4+11=-44+11 To “undo” adding —11, add 11
to both sides of the equation.

3r = —-33 Simplify both sides.

— = — To “undo” multiplying by 3, divide
both sides of the equation by 3.

z=-—11 Simplify both sides.
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5. On the left, order of operations demands that we first multiply « by —5, then
add 17. To solve this equation for x, we must “undo” each of these operations
in inverse order. Thus, we will first subtract 17 from both sides of the equation,
then divide both sides of the resulting equation by —5.

-5z + 17 =112 Original equation.

—br+17—-17=112-17 To “undo” adding 17, subtract 17
from both sides of the equation.

—bx =95 Simplify both sides.

—bx 95 . ..

—_— = To “undo” multiplying by —5, divide

=5 =5 both sides of the equation by —5.
x=-19 Simplify both sides.

7. On the left, order of operations demands that we first multiply = by —16,
then subtract 14. To solve this equation for z, we must “undo” each of these
operations in inverse order. Thus, we will first add 14 to both sides of the
equation, then divide both sides of the resulting equation by —16.

—16x —14 =2 Original equation.

—16x—14+14=2+14 To “undo” subtracting 14, add 14
to both sides of the equation.
—162 =16 Simplify both sides.
—16 16
130 =15 To “undo” multiplying by —16, divide
—16 —16 both sides of the equation by —16.

x=-1 Simplify both sides.

9. On the left, order of operations demands that we first multiply « by —13,
then add 5. To solve this equation for x, we must “undo” each of these oper-
ations in inverse order. Thus, we will first subtract 5 from both sides of the
equation, then divide both sides of the resulting equation by —13.

5—13z =70 Original equation.
5—13z—-5=70-5 To “undo” adding 5, subtract 5
from both sides of the equation.
—132 =65 Simplify both sides.
-13 65
1 T 13 To “undo” multiplying by —13, divide
-13 -13 both sides of the equation by —13.
x=-5 Simplify both sides.
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11. On the left, order of operations demands that we first multiply = by —9,
then add —2. To solve this equation for x, we must “undo” each of these
operations in inverse order. Thus, we will first add 2 to both sides of the
equation, then divide both sides of the resulting equation by —9.

—2—-9z=-74
—2-92+2=-T4+2

Original equation.

To “undo” adding —2, add 2
to both sides of the equation.

—9xr = -T2 Simplify both sides.
-9z 72 C .
_— = To “undo” multiplying by —9, divide
-9 -9 both sides of the equation by —9.

x =38 Simplify both sides.

13. On the left, order of operations demands that we first multiply = by
—1, then add 7. To solve this equation for x, we must “undo” each of these
operations in inverse order. Thus, we will first subtract 7 from both sides of
the equation, then divide both sides of the resulting equation by —1.

T—x=-7
T—rc—-7=-7-7

Original equation.

To “undo” adding 7, subtract 7
from both sides of the equation.

—lz=-14 Simplify both sides.

-1 —14

—136 = To “undo” multiplying by —1, divide

- - both sides of the equation by —1.
x=14 Simplify both sides.

15. On the left, order of operations demands that we first multiply = by —4,
then add 14. To solve this equation for x, we must “undo” each of these
operations in inverse order. Thus, we will first subtract 14 from both sides of
the equation, then divide both sides of the resulting equation by —4.

—4dx+ 14 =74
—dr4+14-14=74—-14

Original equation.

To “undo” adding 14, subtract 14
from both sides of the equation.

—4x = 60 Simplify both sides.

—4x 60 C ..

1 -4 To “undo” multiplying by —4, divide

- - both sides of the equation by —4.
x=-15 Simplify both sides.
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17. On the left, order of operations demands that we first divide =z by 7,
then subtract 1/3. To solve this equation for z, we must “undo” each of these
operations in inverse order. Thus, we will first add 1/3 to both sides of the
equation, then multiply both sides of the resulting equation by 7.

Original equation.

To “undo” subtracting 1/3, add
1/3 to both sides of the equation.

On the left, simplify. On the right,
make equivalent fractions with a
common denominator.

27 8 19
Add: o1 + 1= o
To “undo” dividing by 7, multiply
both sides of the equation by 7.

On the left, simplify. On the right,
19) - 133

Itiply: | —— | 7= ——.
multiply ( 21 21

19. On the left, order of operations demands that we first divide = by 7,
then add 4/9. To solve this equation for x, we must “undo” each of these
operations in inverse order. Thus, we will first subtract 4/9 from both sides of
the equation, then multiply both sides of the resulting equation by 7.

Original equation.

To “undo” adding 4/9, subtract
4/9 from both sides of the equation.

On the left, simplify. On the right,
make equivalent fractions with a
common denominator.

8 19

2
Subtract: —7 - — = —
18 18 18

To “undo” dividing by 7, multiply
both sides of the equation by 7.

On the left, simplify. On the right,

19 133
ltiply: ( — = —.
multiply (18)7 13
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21. On the left, order of operations demands that we first divide « by 2,
then add 2/3. To solve this equation for z, we must “undo” each of these
operations in inverse order. Thus, we will first subtract 2/3 from both sides of
the equation, then multiply both sides of the resulting equation by 2.

x+2_4

2 3 7
x+2 2 4 2
2 3 3 7 3
z 12 14
2 21 21

r 2

2 21
ONE

2 21

4

r=——

21

Original equation.

To “undo” adding 2/3, subtract
2/3 from both sides of the equation.

On the left, simplify. On the right,
make equivalent fractions with a
common denominator.

12 14 2

Subtract: — — — = ——.
21 21 21

To “undo” dividing by 2, multiply
both sides of the equation by 2.

On the left, simplify. On the right,

ltipl 2 - 4
multiply: | —— | 2= ——.
P 751 21

23. On the left, order of operations demands that we first divide « by 5,
then subtract 9/2. To solve this equation for z, we must “undo” each of these
operations in inverse order. Thus, we will first add 9/2 to both sides of the
equation, then multiply both sides of the resulting equation by 5.

r 9_ 5
5 2 3
© 9.9 5.9
5 2 2 3 2
z_ 10 27
: =
@z _ 17
5 6
€T 17
5(5)—(€>5
85
r=—
6

Second Edition: 2012-2013

Original equation.

To “undo” subtracting 9/2, add
9/2 to both sides of the equation.

On the left, simplify. On the right,
make equivalent fractions with a
common denominator.

1 2 1
Add: o + 2 —7

6 6 6
To “undo” dividing by 5, multiply
both sides of the equation by 5.

On the left, simplify. On the right,

17 85
multiply: (F) 5= 5
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25. On the left, order of operations demands that we first multiply « by 0.3,
then add 1.7. To solve this equation for x, we must “undo” each of these
operations in inverse order. Thus, we will first subtract 1.7 from both sides of
the equation, then divide both sides by 0.3.

0.3z +1.7=3.05 Original equation.

03x+1.7—-1.7=3.05—-1.7 To “undo” adding 1.7, subtract
1.7 from both sides.

0.3z =1.35 On the left, simplify. On the right,
subtract: 3.056 — 1.7 = 1.35.
03 — 03 To “undo” multiplying by 0.3,
' ' divide both sides by 0.3.

x =45 On the left, simplify. On the right,
divide: 1.35/0.3 = 4.5.

0.3z 1.35
0

27. On the left, order of operations demands that we first multiply « by 1.2,
then add 5.2. To solve this equation for x, we must “undo” each of these
operations in inverse order. Thus, we will first subtract 5.2 from both sides of
the equation, then divide both sides by 1.2.

1.2z 4+ 5.2 =14.92 Original equation.

1.20452—-52=14.92-5.2 To “undo” adding 5.2, subtract
5.2 from both sides.

1.2 =9.72 On the left, simplify. On the right,
subtract: 14.92 — 5.2 = 9.72.
= To “undo” multiplying by 1.2,
' divide both sides by 1.2.

x=28.1 On the left, simplify. On the right,
divide: 9.72/1.2 = 8.1.

29. On the left, order of operations demands that we first multiply « by 3.5,
then subtract 3.7. To solve this equation for x, we must “undo” each of these
operations in inverse order. Thus, we will first add 3.7 to both sides of the
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equation, then divide both sides by 3.5.

3.5 — 3.7 = —26.10 Original equation.

3.5x—3.7+3.7=-26.10+3.7 To “undo” subtracting 3.7, add
3.7 to both sides.

3.5 =—-224 On the left, simplify. On the right,
add: —26.10+ 3.7 = —22.4.

3.5 —22.4
o0% 22 To “undo” multiplying by 3.5,

3.5 3.5
divide both sides by 3.5.

x=—64 On the left, simplify. On the right,
divide: —22.4/3.5 = —6.4.

31. On the left, order of operations demands that we first multiply « by —4.7,
then subtract 7.4. To solve this equation for x, we must “undo” each of these
operations in inverse order. Thus, we will first add 7.4 to both sides of the
equation, then divide both sides by —4.7.

—4.7r — 7.4 = —48.29 Original equation.

—4.Tx—T74+74=-4829+7.4 To “undo” subtracting 7.4, add
7.4 to both sides.

—4.7x = —40.89 On the left, simplify. On the right,
add: —48.29 + 7.4 = —40.89.

—4. —40.
Tz _ —40.89 To “undo” multiplying by —4.7,

—4.7 —4.7
divide both sides by —4.7.

x =87 On the left, simplify. On the right,
divide: —40.89/ — 4.7 = 8.7.

33. We need to isolate all terms containing = on one side of the equation. We
can eliminate —5x from the right-hand side of 13 — 92 = 11 — 5z by adding 5z
to both sides of the equation.

13—-9z=11-5z Original equation.
13 -9z 4+ 5z =11 — bx + 5z Add 5z to both sides.
—4r+13=11 Simplify both sides.

Next, eliminate 13 from the left-hand side of the last equation by subtracting
13 from both sides of the equation.

—4r+13—-13=11-13 Subtract 13 both sides.
—4x = -2 Simplify both sides.
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Note how we have isolated all terms containing x on one side of the equation.
Finally, to “undo” multiplying by —4, divide both sides of the equation by —4.

—4 -2
= Divide both sides by —4.
—4 —4
1
T = 3 Reduce to lowest terms.

35. We need to isolate all terms containing x on one side of the equation.
We can eliminate 19z from the right-hand side of 11z + 10 = 19z 4+ 20 by
subtracting 19z from both sides of the equation.

11z +10 =19z + 20 Original equation.
112z +10 — 192 = 192 + 20 — 192 Subtract 19z from both sides.
—8x+10=20 Simplify both sides.

Next, eliminate 10 from the left-hand side of the last equation by subtracting
10 from both sides of the equation.

—8xr+10—-10=20—-10 Subtract 10 both sides.
—8x =10 Simplify both sides.

Note how we have isolated all terms containing x on one side of the equation.
Finally, to “undo” multiplying by —8&, divide both sides of the equation by —8.

_—8; = 1—% Divide both sides by —8.
T = —Z Reduce to lowest terms.

37. We need to isolate all terms containing x on one side of the equation. We
can eliminate —19x from the right-hand side of 11 — 152 = 13 — 192 by adding
19z to both sides of the equation.

11 —-152 =13 - 19z Original equation.
11 — 152 4+ 192 = 13 — 192 + 19z Add 19z to both sides.
dr+11 =13 Simplify both sides.

Next, eliminate 11 from the left-hand side of the last equation by subtracting
11 from both sides of the equation.

4r+11-11=13-11 Subtract 11 both sides.
dr =2 Simplify both sides.
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Note how we have isolated all terms containing x on one side of the equation.
Finally, to “undo” multiplying by 4, divide both sides of the equation by 4.

4 2
s Divide both sides by 4.
4 4
1
T = 3 Reduce to lowest terms.

39. We need to isolate all terms containing x on one side of the equation. We
can eliminate —19z from the right-hand side of 9z + 8 = 4 — 192 by adding
19z to both sides of the equation.

9r+8=4—-19 Original equation.
924+ 8+ 192 =4 — 192 4 192 Add 19z to both sides.
28¢x+8=4 Simplify both sides.

Next, eliminate 8 from the left-hand side of the last equation by subtracting 8
from both sides of the equation.

28¢ +8 —-8=4-38 Subtract 8 both sides.
28x =—4 Simplify both sides.

Note how we have isolated all terms containing x on one side of the equation.
Finally, to “undo” multiplying by 28, divide both sides of the equation by 28.

28¢ —4
— = — Divi h sides 28.
) 73 ivide both sides by 28
1
T = —= Reduce to lowest terms.

41. We need to isolate all terms containing x on one side of the equation. We
can eliminate —18z from the right-hand side of 7x + 11 = 16 — 18z by adding
18z to both sides of the equation.

7r+11 =16 — 18z Original equation.
Tr+ 11+ 18x = 16 — 18z + 18z Add 18z to both sides.
25x+11 =16 Simplify both sides.

Next, eliminate 11 from the left-hand side of the last equation by subtracting
11 from both sides of the equation.

25r+11—-11=16—11 Subtract 11 both sides.
25x =5 Simplify both sides.
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Note how we have isolated all terms containing x on one side of the equation.
Finally, to “undo” multiplying by 25, divide both sides of the equation by 25.

25w 5
—_— = — Divi h sides 25.
o5 o5 ivide both sides by 25
1
T = 5 Reduce to lowest terms.

43. We need to isolate all terms containing = on one side of the equation. We
can eliminate 4z from the right-hand side of 12z +9 = 42 + 7 by subtracting
4x from both sides of the equation.

120 +9=42+7 Original equation.
1204+9—4dx=4x+7— 4z Subtract 4z from both sides.
8r+9=7 Simplify both sides.

Next, eliminate 9 from the left-hand side of the last equation by subtracting 9
from both sides of the equation.

8r+9—-9=7-9 Subtract 9 both sides.
8xr = -2 Simplify both sides.

Note how we have isolated all terms containing x on one side of the equation.
Finally, to “undo” multiplying by 8, divide both sides of the equation by 8.

8 -2
g =3 Divide both sides by 8.
1
T = 1 Reduce to lowest terms.

45. We'll first simplify the expression on the left-hand side of the equation
using the Rules Guiding Order of Operations.

8(br —3) —3(dx +6) =4 Original equation.
40x — 24— 122 — 18 =4 Multiply: 8(5x — 3) = 40z — 24.
Multiply: —3(4z +6) = —12z — 18.
28z —42 =4 Add: 40z — 122 = 28x.

Add: —24 — 18 = —42.

Next, isolate terms containing the variable x on one side of the equation. To
remove the term —42 from the left-hand side, add 42 to both sides of the
equation.

28x —42+42=4+42  Add 42 to both sides.
28x = 46 Simplify both sides.
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Finally, to “undo” multiplying 28, divide both sides of the equation by 28.

28x 46 .. .
28 — 38 Divide both sides by 28.
2
T = —3 Reduce.
14

47. We'll first simplify the expression on the left-hand side of the equation
using the Rules Guiding Order of Operations.

20 —4(4 —9z) = 4(Tz + 8) Original equation.
2z — 16 + 362 = 28z + 32 Multiply: —4(4 — 9z) = —16 + 36z.
Multiply: 4(7z 4 8) = 28z + 8.
38x — 16 = 28z 4 32 Add: 2x + 362 = 38z.

Now we will isolate all terms containing x on one side of the equation. To
remove the term 28z from the right-hand side, subtract 28z from both sides of
the equation.

38 — 16 — 28x = 28x + 32 — 28x  Subtract 28z from both sides.
10z — 16 = 32 Simplify both sides.

To remove the term —16 from the left-hand side, add 16 to both sides of the
equation.

10z — 164+ 16 = 32 + 16 Add 16 to both sides.
10x = 48 Simplify both sides.

Finally, to “undo” multiplying by 10, divide both sides of the equation by 10.

10z 48
— = — Divi h sides 10.
0 0 ivide both sides by 10
24
T = 5 Reduce.

49. We'll first simplify the expression on the left-hand side of the equation
using the Rules Guiding Order of Operations.

26 —2z)— (4 —9)=9 Original equation.

12—-4x—-42+9=9 Multiply: 2(6 — 2z) = 12 — 4z.
Distribute the minus sign:
—(4x —9) = -4z +9.

21 -8 =9 Add: 12+ 9 = 21.
Add: —4x — 4x = —8z.

Second Edition: 2012-2013



2.2. SOLVING EQUATIONS: MULTIPLE STEPS 71

Next, isolate all terms containing the variable x on one side of the equation.
To remove the term 21 from the left-hand side, subtract 21 from both sides of
the equation.

21 —8x—21=9-21 Subtract 21 from both sides.
—8x = —12 Simplify both sides.

To “undo” multiplying by —8, divide both sides of the equation by —8.

‘_8896 _ __;2 Divide both sides by —8.
T = g Reduce.

51. We'll first simplify the expression on the left-hand side of the equation
using the Rules Guiding Order of Operations.

3(bx—6)—T7(Tx+9)=3 Original equation.
152 — 18 — 49z — 63 = 3 Multiply: 3(5z — 6) = 15z — 18.
Multiply: —7(7z +9) = —49z — 63.
—34z—-81=3 Add: 15z — 492 = —34x.

Add: —18 — 63 = —81.
Next, isolate terms containing the variable x on one side of the equation. To
remove the term —81 from the left-hand side, add 81 to both sides of the

equation.

—34x —81+81=3+81  Add 81 to both sides.
—34x =84 Simplify both sides.

Finally, to “undo” multiplying —34, divide both sides of the equation by —34.

—34x 84 . .
31— Tai Divide both sides by —34.
42
T = T Reduce.

53. We'll first simplify the expression on the left-hand side of the equation
using the Rules Guiding Order of Operations.

2z —2(4 —9z) = 8(6z + 2) Original equation.
20 — 8+ 182z =48z + 16 Multiply: —2(4 — 9z) = —8 4 18z.
Multiply: 8(6x + 2) = 48z + 2.
20z — 8 =48z + 16 Add: 2z + 18z = 20z.
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Now we will isolate all terms containing x on one side of the equation. To
remove the term 48z from the right-hand side, subtract 48z from both sides of
the equation.

20x — 8 — 481 = 48x + 16 — 48x  Subtract 48z from both sides.
—28¢—-8=16 Simplify both sides.

To remove the term —8 from the left-hand side, add 8 to both sides of the
equation.

—28x —8+8=16+38 Add 8 to both sides.
—28x =24 Simplify both sides.

Finally, to “undo” multiplying by —28, divide both sides of the equation by
—28.

-2 24
8z = Divide both sides by —28.
—28 —28
T = —§ Reduce
= )

55. We'll first simplify the expression on the left-hand side of the equation
using the Rules Guiding Order of Operations.

2(7—9z) — (22 —8) =7 Original equation.

14 —18z —2x +8 =17 Multiply: 2(7 — 9z) = 14 — 18z.
Distribute the minus sign:
—(2z —8) = -2z +8.

22—-200 =7 Add: 14 + 8 = 22.
Add: —18x — 2z = —20z.

Next, isolate all terms containing the variable x on one side of the equation.
To remove the term 22 from the left-hand side, subtract 22 from both sides of
the equation.

22 —-20x —22=7-122 Subtract 22 from both sides.
—20x = —15 Simplify both sides.

To “undo” multiplying by —20, divide both sides of the equation by —20.

—20x —15
= — Divi h sides —20.
50 50 ivide both sides by —20
T = 3 Reduce
=7 : .
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2.3 Solving Equations: Clearing Frations and Decimals

1. Multiply 16 and 9 to get 144, then divide 144 by 2 to get 72.

16 (9 > = (16~ g) x Associative property of multiplication.

—T
2
144
= (T) z Multiply: 16 -9 = 144.
=722 Divide: 144/2 = 72.

Alternate solution: Divide 2 into 16 to get 8, then multiply 8 by 9 to get
72.

9 9 : C e
16 (§x> = (16 . 5) x Associative property of multiplication.
=(8-9)«x Divide: 16/2 = 8.
= T2z Multiply: 8 -9 = 72.
Note that the second method is more efficient, because it involves smaller
numbers, making it easier to perform the steps mentally. That is, write

9
16 (535) = T2z,

without writing down any steps.

3. Multiply 14 and 3 to get 42, then divide 42 by 2 to get 21.

3 3
14 <§l‘> = (14- 5) T Associative property of multiplication.

42
= (5) z Multiply: 14 -3 = 42.
=21z Divide: 42/2 = 21.

Alternate solution: Divide 2 into 14 to get 7, then multiply 7 by 3 to get
21.

2
=(7-3)x Divide: 14/2=71.
=21z Multiply: 7-3 = 21.

3 3
14 <§l‘> = (14- —) T Associative property of multiplication.

Note that the second method is more efficient, because it involves smaller
numbers, making it easier to perform the steps mentally. That is, write

3
14 (513) =21z,

without writing down any steps.
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5. Multiply 70 and 9 to get 630, then divide 630 by 7 to get 90.

9 9
70 (;x) = (70 : —) T Associative property of multiplication.

7
= <6—§0> @ Multiply: 70 -9 = 630.
= 90z Divide: 630/7 = 90.

Alternate solution: Divide 7 into 70 to get 10, then multiply 10 by 9 to
get 90.

70 (gfc> = <70 . g) x Associative property of multiplication.
=(10-9)z Divide: 70/7 = 10.
= 90z Multiply: 10-9 = 90.

Note that the second method is more efficient, because it involves smaller
numbers, making it easier to perform the steps mentally. That is, write

9
70 <?x) = 90z,

without writing down any steps.

7. Clear fractions from the equation by multiplying both sides by the least
common denominator. The least common denominator in this case is 21.
9 1 5

—?x —3=3 Original equation.
9 1 5 . .
21 —zx— < ) =211 ¢ Multiply both sides by 21.
7 3 3
9 1 5 . .
21 (—;x) —21 (5) =21 <§> Distribute the 21 on each side.
—27Tx—7=235 Multiply.

Note that the fractions are now cleared from the equation. Next, isolate all
terms containing the variable x on one side of the equation. We can remove
the term —7 from the left-hand side by adding 7 to both sides of the equation.

—27x —74+7=35+7 Add 7 to both sides.
—27Tx =42 Simplify both sides.

Finally, to “undo” multiplying by —27, divide both sides of the equation by
—27.

—27x 42 .. .
o7 = o7 Divide both sides by —27.
14 o .
T=-7 Simplify both sides.
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9. Clear fractions from the equation by multiplying both sides by the least
common denominator. The least common denominator in this case is 9.

7 5 2 4

gﬂc + 9= gﬂc —3 Original equation.
7 5 2 4
9 <§x + §) =9 <§x — g) Multiply both sides by 9.
7 5 2 4
9 <§x> +9 <§> =9 <§x> -9 <—§> Distribute the 9 on each side.
21z 4+ 5 =62 — 12 Multiply.

Note that the fractions are now cleared from the equation. Next, isolate all
terms containing the variable & on one side of the equation. We can remove
the term 6z from the right-hand side by subtracting 6x from both sides of the
equation.

21z +5—6x = 6x — 12 — 6z Subtract 6z from both sides.
15z +5=—-12 Simplify both sides.

Next, we can remove the term 5 from the left-hand side by subtracting 5 from
both sides of the equation.

15z +5—-5=-12-5 Subtract 5 from both sides.
152 = —17 Simplify both sides.

Finally, to “undo” multiplying by 15, divide both sides of the equation by 15.

15 =17
— = Divi h sides by 15.
B R ivide both sides by 15
17 S .
T=-1F Simplify both sides.

11. Clear fractions from the equation by multiplying both sides by the least
common denominator. The least common denominator in this case is 28.

—r— - = Original equation.
9
28 (Zx — ?) =28 (5) Multiply both sides by 28.

28 <gfc> — 28 (§> =28 <§> Distribute the 28 on each side.
63x — 32 =42 Multiply.

Note that the fractions are now cleared from the equation. Next, isolate all
terms containing the variable x on one side of the equation. We can remove the
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term —32 from the left-hand side by adding 32 to both sides of the equation.

63x —32+32=42+ 32 Add 32 to both sides.
63 =74 Simplify both sides.

Finally, to “undo” multiplying by 63, divide both sides of the equation by 63.

63z T4
— = — Divi h sides .
53 63 ivide both sides by 63
74 S .
T= Simplify both sides.

13. Clear fractions from the equation by multiplying both sides by the least
common denominator. The least common denominator in this case is 12.

3 8
—ch =3 Original equation.
3 8 . .
12 —Zx =12 -3 Multiply both sides by 12.
—9x = —32 Multiply.

To “undo” multiplying by —9, divide both sides of the equation by —9.

__9; = _—392 Divide both sides by —9.
2
T = % Simplify.

15. Clear fractions from the equation by multiplying both sides by the least
common denominator. The least common denominator in this case is 20.

—|—§—§ Original tion
z+,=% ginal equation.
3 6 . .
20 (Jc + Z) =20 (5) Multiply both sides by 20.
3 6 W e
20z + 20 1= 20 5 On the left, distribute the 20.
20 +15=24 Multiply.

Next, isolate all terms containing = on one side of the equation.

20 +15—-15=24—-15 Subtract 15 from both sides.
20z =9 Simplify both sides.
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Finally, to “undo” multiplying by 20, divide both sides of the equation by 20.

20x 9
—_— = — Divi h sides by 20.
20 20 ivide both sides by 20
9
T=135 Simplify both sides.

17. Clear fractions from the equation by multiplying both sides by the least
common denominator. The least common denominator in this case is 60.

1 4 3 8 Oricinal .
Sx 3= 430 3 riginal equation.
1 4 3 8 .
60 (—gfc - g) =60 (—ch - 3) Multiply both sides by 60.
1 4 3 8 L. .
60(—=x|—-60(=)=60——2)—60(—= Distribute the 60 on each side.
3 3 4 5
—20x — 80 = —45x — 96 Multiply.

Note that the fractions are now cleared from the equation. Next, isolate all
terms containing the variable x on one side of the equation. We can remove
the term —45z from the right-hand side by adding 45z to both sides of the
equation.
—20x — 80 + 452 = —45x — 96 + 4bx Add 45z to both sides.
252 — 80 = —96 Simplify both sides.

Next, we can remove the term —80 from the left-hand side by adding 80 to
both sides of the equation.

252 — 80+ 80 = —96 + 80 Add 80 to both sides.
25z = —16 Simplify both sides.

Finally, to “undo” multiplying by 25, divide both sides of the equation by 25.

25z —16
—_— = — Divi h sides by 25.
o5 o5 ivide both sides by 25
16
T=-—oF Simplify both sides.

19. At a minimum, we need to move each decimal point two places to the right
in order to clear the decimals from the equation. Consequently, we multiply
both sides of the equation by 100.

2.392 4+ 0.71 = —1.98z + 2.29 Original Equation.
100(2.39z + 0.71) = 100(—1.98z + 2.29)  Multiply both sides by 100.
239z + 71 = —198x + 229 Distribute the 100.
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Note that the decimals are now cleared from the equation. Next, isolate all
terms containing the variable x on one side of the equation. Remove the term
—198« from the right-hand side by adding 198z to both sides of the equation.
239z + 71 + 198z = —198z + 229 + 198z  Add 198z to both sides.
437x 4+ 71 = 229 Simplify both sides.

Subtract 71 from to eliminate the term 71 from the left-hand side of the equa-
tion.

437x +71—-71=229—-"71 Subtract 71 from both sides.
437x = 158 Simplify both sides.

Finally, to “undo” multiplying by 437, divide both sides of the equation by
437.

437x 158 . .
37— 437 Divide both sides by 437.
158 . .
T = 137 Simplify.

21. At a minimum, we need to move each decimal point two places to the right
in order to clear the decimals from the equation. Consequently, we multiply
both sides of the equation by 100.

0.4x —1.55=2.14 Original Equation.
100(0.4z — 1.55) = 100(2.14) Multiply both sides by 100.
402 — 155 = 214 Distribute the 100.

Note that the decimals are now cleared from the equation. We can continue
by adding 155 to both sides of the equation.

40x — 155 4+ 155 = 214 + 155 Add 155 to both sides.
40z = 369 Simplify both sides.
40z 369 .. .
0= 10 Divide both sides by 40.
T = :1—609 Simplify.

23. At a minimum, we need to move each decimal point two places to the right
in order to clear the decimals from the equation. Consequently, we multiply
both sides of the equation by 100.

2.6x —2.54 = -2.142 Original Equation.
100(2.6z — 2.54) = 100(—2.14x) Multiply both sides by 100.
260x — 264 = —214x Distribute the 100.
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Note that the decimals are now cleared from the equation. Next, isolate all
terms containing the variable z on one side of the equation. Remove the term
—214z from the right-hand side of the equation by adding 214z to both sides
of the equation.

260z — 254 + 214z = —214x + 214z Add 214z to both sides.
474x — 254 =0 Simplify both sides.

Add 254 to both sides to remove the term —254 from the left-hand side of the
equation.

474x — 254 4+ 254 = 0 + 254 Add 254 to both sides.
474x = 254 Simplify both sides.

Finally, to “undo” multiplying by 474, divide both sides of the equation by
474.

474 254
_— = Divi h sides by 474.
171 171 ivide both sides by 47
12
T = gi Simplify.

25. At a minimum, we need to move each decimal point one place to the right
in order to clear the decimals from the equation. Consequently, we multiply
both sides of the equation by 10.

0.7t = -2.3x - 2.8 Original Equation.
10(0.7z) = 10(—2.3z — 2.8) Multiply both sides by 10.
Tr = —23z — 28 Distribute the 10.

Note that the decimals are now cleared from the equation. Next, isolate all
terms containing the variable & on one side of the equation. We can remove
the term —23zx from the right-hand side by adding 23z to both sides of the
equation.

Tx + 23z = —23x — 28 + 23x Add 23z to both sides.
30z = —28 Simplify both sides.

To “undo” multiplying by 30, divide both sides of the equation by 30.

30z —28
3_0”” = = Divide both sides by 30.
14
T = T Simplify.
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27. At a minimum, we need to move each decimal point one place to the right
in order to clear the decimals from the equation. Consequently, we multiply
both sides of the equation by 10.

—4.8x—2.7=-1.9 Original Equation.
10(—4.8z —2.7) = 10(—1.9) Multiply both sides by 10.
—48x — 27 =-19 Distribute the 10.

Note that the decimals are now cleared from the equation. We can continue
by adding 27 to both sides of the equation.

—48x — 27+ 27 =—-19+427 Add 27 to both sides.
—48x =8 Simplify both sides.
—Asr 8 Divide both sides by —48
EyTya—T vide both sides by .
1
T = ~5 Simplify.

29. At a minimum, we need to move each decimal point one place to the right
in order to clear the decimals from the equation. Consequently, we multiply
both sides of the equation by 10.

170+ 2.1 =-1.6z+ 2.5 Original Equation.
10(1.72 +2.1) = 10(—1.6x + 2.5) Multiply both sides by 10.
172421 = —162 + 25 Distribute the 10.

Note that the decimals are now cleared from the equation. Next, isolate all
terms containing the variable z on one side of the equation. Remove —16x
from the right-hand side by adding 162 to both sides of the equation.

17z + 21 4+ 16z = —16x + 25 + 16x Add 16z to both sides.
33x+21 =25 Simplify both sides.

Subtract 21 from both sides to remove the term 21 from the left-hand side of
the equation.

33x+21—-21=25-21 Subtract 21 from both sides.
33z =4 Simplify both sides.

Finally, to “undo” multiplying by 33, divide both sides of the equation by 33.

33 4
3_; == Divide both sides by 33.
4
T = 3 Simplify.
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31. At a minimum, we need to move each decimal point one place to the right
in order to clear the decimals from the equation. Consequently, we multiply
both sides of the equation by 10.

2.5+ 1.9=09z Original Equation.
10(2.52 + 1.9) = 10(0.9z) Multiply both sides by 10.
252 4+ 19 =9z Distribute the 10.

Note that the decimals are now cleared from the equation. Next, isolate all
terms containing the variable z on one side of the equation. Remove the term
9z from the right-hand side by subtracting 9z from both sides of the equation.

252+ 19— 92 =9x — 9z Subtract 9z from both sides.
1624+19=0 Simplify both sides.

Subtract 19 from both sides to remove the term 19 from the left-hand side of
the equation.

16z +19—-19=0-19 Subtract 19 from both sides.
162 = —19 Simplify both sides.

Finally, to “undo” multiplying by 16, divide both sides of the equation by 16.

1 1
16z _ -19 Divide both sides by 16.
16 16
19 o
T = 16 Simplify.

2.4 Formulae

1. We are instructed to solve the equation F' = kx for . Thus, we must isolate
all terms containing the variable x on one side of the equation. We begin by
dividing both sides of the equation by k.

F=kx Original equation.

F Kk

7= % Divide both sides by k.
F

T T Simplify.

Note that this last equation is identical to the following equation

r=—

k

Note that we have x =“Stuff”, where “Stuff” contains no occurrences of z, the
variable we are solving for.
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3. We are instructed to solve the equation £ = mc? for m. Thus, we must
isolate all terms containing the variable m on one side of the equation. We
begin by dividing both sides of the equation by ¢2.

2

E =mc Original equation.

E 2

- = % Divide both sides by ¢?.
c c

E

2 =m Simplify.

Note that this last equation is identical to the following equation

E
m=—
o2
We now have m =“Stuft”, where “Stuff” contains no occurrences of m, the
variable we are solving for.

5. We are instructed to solve the equation A = wriry for ro. Thus, we must
isolate all terms containing the variable ro on one side of the equation. We
begin by dividing both sides of the equation by 7ry.

A =mriry Original equation.
A T
S S Divide both sides by 7r;.
™1 T
A
— =T Simplify.
Try

Note that this last equation is identical to the following equation

A
rg = —
ry
Note that we have ro =“Stuff”, where “Stuff” contains no occurrences of o,
the variable we are solving for.

7. We are instructed to solve the equation F© = ma for a. Thus, we must
isolate all terms containing the variable a on one side of the equation. We
begin by dividing both sides of the equation by m.

F=ma Original equation.

F

- _ma Divide both sides by m.
m m

F

— =a Simplify.

m
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Note that this last equation is identical to the following equation

a = —
m

Note that we have a =“Stuff”, where “Stuff” contains no occurrences of a, the
variable we are solving for.

9. We are instructed to solve the equation C = 2zr for r. Thus, we must
isolate all terms containing the variable r on one side of the equation. We
begin by dividing both sides of the equation by 2.

C =2nr Original equation.
c 2nr .. .
— = — Divide both sides by 2.
2 2
c
— =7 Simplify.
27

Note that this last equation is identical to the following equation

_C

T om

Note that we have r =“Stuff”, where “Stuff” contains no occurrences of r, the
variable we are solving for.

r

11. We are instructed to solve the equation y = max + b for . Thus, we must
isolate all terms containing the variable x on one side of the equation. First,
subtract b from both sides of the equation.

y=mx—+b Original equation.
y—b=mzr+b—> Subtract b from both sides.
y—b=mzx Combine like terms.

Note that all the terms comtaining z, the variable we are solving for, are
already isolated on one side of the equation. We need only divide both sides
of the equation by m to complete the solution.
y—b _mx y .
= Divide both sides by m.
m m
y—b
— =

T Simplify.
Note that this last equation is identical to the following equation

y—>
r=7—
m

Simplify.

Note that we have x =“Stuff”, where “Stuff” contains no occurrences of z, the
variable we are solving for.
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13. We are instructed to solve the equation F' = quB for v. Thus, we must
isolate all terms containing the variable v on one side of the equation. We
begin by dividing both sides of the equation by ¢B.

F=quB Original equation.
F B
q_B = qu—B Divide both sides by ¢B.
F
q_B =0 Simplify.

Note that this last equation is identical to the following equation

F

’U:q—B

Note that we have v =“Stuff”, where “Stuff” contains no occurrences of v, the
variable we are solving for.

1
15. We are instructed to solve the equation V = —mr2h for h. Thus, we must

isolate all terms containing the variable h on one side of the equation. First,
clear the fractions by multiplying both sides of the equation by the common
denominator, 3.

V= §7T’I“2h Original equation.
1
3(V)=3 (gﬂr2h> Multiply both sides by 3.
3V = mr?h Simplify. Cancel 3’s.

Note that all the terms comtaining h, the variable we are solving for, are
already isolated on one side of the equation. We need only divide both sides
of the equation by 7r? to complete the solution.

2

ﬂ _m h Divide both sides by 7r?.
2 2

3V S

—5= h Simplify.

Note that this last equation is identical to the following equation
3V
h = —2

mr

Note that we have h =“Stuft”, where “Stuff” contains no occurrences of h, the
variable we are solving for.
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v
17. We are instructed to solve the equation I = — for R. Thus, we must
isolate all terms containing the variable R on one side of the equation. First,
clear the fractions by multiplying both sides of the equation by the common
denominator, R.

I = v Original equation.
R
R(I)=R (%) Multiply both sides by R.
RI=V Simplify. Cancel R’s.

Note that all the terms comtaining R, the variable we are solving for, are
already isolated on one side of the equation. We need only divide both sides
of the equation by I to complete the solution.

RI_V Divide both sides by 1.
T T
v
R=—
i

Note that we have R =“Stuff”, where “Stuff” contains no occurrences of R,
the variable we are solving for.

kqQ

19. We are instructed to solve the equation F' = —= for ¢. Thus, we must
r

isolate all terms containing the variable ¢ on one side of the equation. First,

clear the fractions by multiplying both sides of the equation by the common

denominator, 72.

F= k;]—? Original equation.
k
r2(F) = r? (f—?) Multiply both sides by 2.
r?F = kqQ Simplify. Cancel r%’s.

Note that all the terms comtaining ¢, the variable we are solving for, are already
isolated on one side of the equation. We need only divide both sides of the
equation by k£Q to complete the solution.

2
% _ % Divide both sides by Q.
r’F

g ¢
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Note that this last equation is identical to the following equation

Note that we have ¢ =“Stuff”, where “Stuff” contains no occurrences of ¢, the
variable we are solving for.

21. We are instructed to solve the equation P = 2W + 2L for W. Thus, we
must isolate all terms containing the variable W on one side of the equation.
First, subtract 2L from both sides of the equation.

P=2W+2L Original equation.
P—2L=2W +2L — 2L Subtract 2L from both sides.
P —2L=2W Combine like terms.

Note that all the terms comtaining W, the variable we are solving for, are
already isolated on one side of the equation. We need only divide both sides
of the equation by 2 to complete the solution.

P—-2L 2W

5 =5 Divide both sides by 2.
P-2L

5 =W Simplify.

Note that this last equation is identical to the following equation

P-2L

W = 5

Note that we have W =“Stuft”, where “Stuff” contains no occurrences of W,
the variable we are solving for.

1
23. We are instructed to solve the equation A = Eh(bl + bg) for h. Thus, we

must isolate all terms containing the variable h on one side of the equation.
First, clear the fractions by multiplying both sides of the equation by the
common denominator, 2.

1
A= Eh(bl + b9) Original equation.
1
2(4) =2 <§h(b1 + b2)> Multiply both sides by 2.
2A = h(by + b2) Simplify. Cancel 2’s.
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Note that all the terms comtaining h, the variable we are solving for, are
already isolated on one side of the equation. We need only divide both sides
of the equation by b; + by to complete the solution.

2A h(bi + b
e 5)11_:_1)22) Divide both sides by by -+ bs.

24
bi+by

h Simplify.

Note that this last equation is identical to the following equation

24
© by + by

Note that we have h =“Stuff”, where “Stuff” contains no occurrences of h, the
variable we are solving for.

25. We are instructed to solve the equation y — yg = m(x — zp) for m. Thus,
we must isolate all terms containing the variable m on one side of the equation.
We begin by dividing both sides of the equation by x — zg.

Yy — Yo = m(xz — xg) Original equation.

vt _ m(x — 2) Divide both sides by = — xp.
T — X9 Tr — X9

AL, Simplify.

T — X9

Note that this last equation is identical to the following equation

_Y¥~ %
r — X0

m

Note that we have m =“Stuftf”, where “Stuff” contains no occurrences of m,
the variable we are solving for.

Mm
r2
isolate all terms containing the variable M on one side of the equation. First,

clear the fractions by multiplying both sides of the equation by the common

denominator, 72.

27. We are instructed to solve the equation F' = for M. Thus, we must

M
F= ¢ 2m Original equation.
r
M .
r2(F) = r? (G 2m> Multiply both sides by r2.
r
r?F =GMm Simplify. Cancel 72’s.
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Note that all the terms comtaining M, the variable we are solving for, are
already isolated on one side of the equation. We need only divide both sides
of the equation by Gm to complete the solution.

2
i = G]\J—m Divide both sides by Gm.
Gm Gm
2F
"y Simplify.
Gm

Note that this last equation is identical to the following equation:

B r’F

- Gm
Note that we have M =“Stuff”, where “Stuff” contains no occurrences of M,
the variable we are solving for.

29. We are instructed to solve the equation d = vt for v. Thus, we must isolate
all terms containing the variable v on one side of the equation. We begin by
dividing both sides of the equation by t.

d= vt Original equation.

d t

= ”7 Divide both sides by ¢.
d

7" Simplify.

Note that we have v =“Stuff”, where “Stuff” contains no occurrences of v, the
variable we are solving for.

31. Start with the area formula and divide both sides by W.

A=LW
A LW
W W
A
kg
w
Hence:

A
L=—

w
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To determine the length, substitute 1073 for A and 29 for W and simplify.

I— 1073
29
L =37

Hence, the length is L = 37 meters.

33. Start with the area formula, then divide both sides by h.

A =bh
A_bh
h  h
A
Z
h
Hence:

A

b=3

Next, substitute 2418 for A, 31 for h, and simplify.

b— 2418
31
b="78

Hence, b = 78 feet.

35. Start with the area formula, then clear the equation of fractions by multi-
plying both sides of the equation by 2.

1
A==
5 bh
1
ﬂM—LMP
2
2A = bh
Divide both sides by h.
24 _ bh
h  h
2A
o= b
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Hence:

bZT

Next, substitute 1332 for A, 36 for h, and simplify.

. 2(1332)
36
- 2664
36
b="74

Hence, b = 74 inches.

37. We need to isolate terms containing W on one side of the equation. Start
with the perimeter equation and subtract 2L from both sides.

P=2W+2L
P—2L=2W +2L -2L
P—-2L=2W

Divide both sides by 2 and simplify.

P—-2L 2W
2 2
P—-2L
5 =W
Hence:
P —2L
W= 2

Substitute 256 for P, 73 for L, then simplify.

Iy 256 —2(73)
2
110
W=
W =55

Hence, the width is W = 55 meters.
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2.5 Applications

1. We follow the Requirements for Word Problem Solutions.

1. Set up a variable dictionary. Let 0 represent the measure of the first
angle.

2. Set up an equation. A sketch will help summarize the information given
in the problem. First, we sketch two angles whose sum is 90 degrees.
The second angle is 6 degrees larger than 2 times the first angle, so the
second angle has measure 26 + 6.

A

2046

1>

The angles are complementary, so their sum is 90 degrees. Thus the
equation is:
0+ (204 6) =90

3. Solve the equation. Simplify the left-hand side by combining like terms.

0+ (20 4 6) = 90
30 +6 = 90

Subtract 6 from both sides of the equation, then divide both sides of the
resulting equation by 3.

30+6—-6=90-6

30 = 84
30 84
33
0 = 28

4. Answer the question. To find the second angle, substitute 28 for 6 in
20 + 6 to get:

20+ 6 = 2(28) + 6
= 62

Hence, the two angles are 28 and 62 degrees.
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5. Look back. Let’s label the angles with their numerical values.

62°

28°

Clearly, their sum is 90°, so we have the correct answer.

3. We follow the Requirements for Word Problem Solutions.

1. Set up a variable dictionary. Let 6 represent the measure of the first

angle.

2. Set up an equation. A sketch will help summarize the information given
in the problem. First, we sketch two angles whose sum is 180 degrees.
The second angle is 10 degrees larger than 4 times the first angle, so the
second angle has measure 46 + 10.

40 + 10

The angles are supplementary, so their sum is 180 degrees. Thus the
equation is:
0 + (460 +10) = 180
3. Solve the equation. Simplify the left-hand side by combining like terms.
0+ (46 +10) = 180
50 +10 = 180
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Subtract 10 from both sides of the equation, then divide both sides of
the resulting equation by 5.

50 +10—-10=180—-10

50 = 170
50 170
5 5
0 = 34

4. Answer the question. To find the second angle, substitute 34 for 6 in
46 4 10 to get:

40 +10 = 4(34) + 10
=146

Hence, the two angles are 34 and 146 degrees.

5. Look back. Let’s label the angles with their numerical values.

146°
34°

Clearly, their sum is 180°, so we have the correct answer.

5. In the solution, we address each step of the Requirements for Word Problem
Solutions.

1. Set up a Variable Dictionary. An example of three consecutive integers
is 19, 20, and 21. These are not the integers we seek, but they do give us
some sense of the meaning of three consecutive integers. Note that each
consecutive integer is one larger than the preceding integer. Thus, if &k
is the length of the first side of the triangle, then the next two sides are
k 4+ 1 and k + 2. In this example, our variable dictionary will take the
form of a well-labeled figure.
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k+2 k

k+1

2. Set up an Equation. The perimeter of the triangle is the sum of the three
sides. If the perimeter is 483 meters, then:

k4 (k+1) + (k+2) = 483

3. Solve the Equation. To solve for k, first simplify the left-hand side of the
equation by combining like terms.

k+ (k+1) + (k+2) = 483

3k + 3 = 483
3k+3-3=483-3

3k = 480

3k 480

33

k = 160

Original equation.
Combine like terms.
Subtract 3 from both sides.
Simplify.

Divide both sides by 3.

Simplify.

4. Answer the Question. Thus, the first side has length 160 meters. Because
the next two consecutive integers are kK + 1 = 161 and k + 2 = 162, the
three sides of the triangle measure 160, 161, and 162 meters, respectively.

5. Look Back. An image helps our understanding. The three sides are
consecutive integers.

162 meters 160 meters

161 meters

Note that the perimeter (sum of the three sides) is:
160 meters + 161 meters + 162 meters = 483 meters (2.1)

Thus, the perimeter is 483 meters, as it should be. Our solution is correct.
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7. We follow the Requirements for Word Problem Solutions.
1. Set up a variable dictionary. Let x represent the unknown number.

2. Set up an equation. The statement “four less than eight times a certain
number is —660” becomes the equation:

8z — 4 = —660

3. Solve the equation. Add 4 to both sides, then divide the resulting equation

by 8.
8x — 4 = —660
8z —4+4=—-660+4
8r = —656
8r  —656
® 8
T =—82

4. Answer the question. The unknown number is —82.

5. Look back. “Four less than eight times —82” translates as 8(—82) — 4,
which equals —660. The solution make sense.

9. In the solution, we address each step of the Requirements for Word Problem
Solutions.

1. Set up a Variable Dictionary. Let d represent the distance left for Alan
to hike. Because Alan is four times further from the beginning of the
trail than the end, the distance Alan has already completed is 4d. Let’s
construct a little table to help summarize the information provided in
this problem.

Section of Trail | Distance (mi)
Distance to finish d
Distance from start 4d
Total distance | 70

2. Set up an Equation. As you can see in the table above, the second column
shows that the sum of the two distances is 70 miles. In symbols:

d+4d="70
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3. Solve the FEquation. To solve for d, first simplify the left-hand side of the
equation by combining like terms.

d+4d =170 Original equation.
5d =170 Combine like terms.
d
% = ? Divide both sides by 5.
d=14 Simplify.

4. Answer the Question. Alan still has 14 miles to hike.

5. Look Back. Because the amount left to hike is d = 14 miles, Alan’s
distance from the start of the trail is 4d = 4(14), or 56 miles. If we
arrange these results in tabular form, it is evident that not only is the
distance from the start of the trail four times that of the distance left to
the finish, but also the sum of their lengths is equal to the total length
of the trail.

Section of Trail | Distance (mi) | Distance (mi)
Distance to finish d 14
Distance from start 4d 56
Total distance | 70 | 70

Thus, we have the correct solution.

11. We follow the Requirements for Word Problem Solutions.

1. Set up a variable dictionary. Let p represent the percentage of Martha ’s
sixth grade class that is absent.

2. Set up the equation. The question is “what percent of the class size
equals the number of students absent?” The phrase “p percent of 36 is
2” becomes the equation:

px36=2
Or equivalently:
36p =2

3. Solve the equation. Use a calculator to help divide both sides of the
equation by 36.

36p =2
36p _ 2
36 36

p = 0.0555555556
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4. Answer the question. We need to change our answer to a percent. First,
round the percentage answer p to the nearest hundredth.

Test digit

0.0[5][ 55555556

Rounding digit L

Because the test digit is greater than or equal to 5, add 1 to the rounding
digit, then truncate. Hence, to the nearest hundredth, 0.0555555556 is
approximately 0.06. To change this answer to a percent, multiply by 100,
or equivalently, move the decimal two places to the right. Hence, 6% of
Martha’s sixth grade class is absent.

5. Look back. If we take 6% of Martha’s class size, we get:

6% x 36 = 0.06 x 36
=2.16

Rounded to the nearest student, this means there are 2 students absent,
indicating we’ve done the problem correctly.

13. We follow the Requirements for Word Problem Solutions.
1. Set up a variable dictionary. Let x represent the length of the first piece.

2. Set up an equation. The second piece is 3 times as long as the first piece,
so the second piece has length 3z. The third piece is 6 centimeters longer
than the first piece, so the second piece has length = + 6. Let’s construct
a table to summarize the information provided in this problem.

Piece Length (centimeters)
First x

Second 3z

Third T+6

Total length 211

As you can see in the table above, the second column shows that the sum
of the three pieces is 211 centimeters. Hence, the equation is:

x+3x+ (z+6)=211
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3. Solve the equation. First, simplify the left-hand side of the equation by

combining like terms.

x+3z+ (z+6) =211
5z + 6 = 211

Subtract 6 from both sides of the equation, then divide both sides of the
resulting equation by 5.

5¢+6—-6=211-6

5 = 205
S5r 205
5 5
xz =41

4. Answer the question. Let’s add a column to our table to list the length

of the three pieces. The lengths of the second and third pieces are found
by substituting 41 for x in 3z and = + 6.

Piece Length (centimeters) Length (centimeters)
First x 41
Second 3z 123
Third z+6 47
Total length 211 211

5. Look back. The third column of the table above shows that the lengths

sum to 211 centimeters, so we have the correct solution.

15. In the solution, we address each step of the Requirements for Word Problem
Solutions.

1. Set up a Variable Dictionary. An example of three consecutive even

integers is 18, 20, and 22. These are not the integers we seek, but they
do give us some sense of the meaning of three consecutive even integers.
Note that each consecutive even integer is two larger than the preceding
integer. Thus, if & is the length of the first side of the triangle, then the
next two sides are k+2 and k+4. In this example, our variable dictionary
will take the form of a well-labeled figure.
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k+4 k

k+2

2. Set up an Equation. The perimeter of the triangle is the sum of the three
sides. If the perimeter is 450 yards, then:
kE+ (k+2)+ (k+4) =450

3. Solve the Equation. To solve for k, first simplify the left-hand side of the
equation by combining like terms.

kE+ (k+2)+ (k+4) =450 Original equation.
3k + 6 = 450 Combine like terms.
3k+6—-6=450—-6 Subtract 6 from both sides.
3k =444 Simplify.
3k 444
3 =3 Divide both sides by 3.
k=148 Simplify.

4. Answer the Question. Thus, the first side has length 148 yards. Because
the next two consecutive even integers are k+2 = 150 and k+4 = 152, the
three sides of the triangle measure 148, 150, and 152 yards, respectively.

5. Look Back. An image helps our understanding. The three sides are
consecutive even integers.

152 yards 148 yards

150 yards

Note that the perimeter (sum of the three sides) is:
148 yards + 150 yards + 152 yards = 450 yards (2.2)

Thus, the perimeter is 450 yards, as it should be. Our solution is correct.
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17. We follow the Requirements for Word Problem Solutions.

1. Set up a variable dictionary. Let x represent the length of the first side
of the triangle.

2. Set up an equation. The second side is 7 times as long as the first side,
so the second side has length 7z. The third side is 9 yards longer than
the first side, so the second side has length x +9. Let’s sketch a diagram
to summarize the information provided in this problem (the sketch is not
drawn to scale).

r+9 T

Tx

The sum of the three sides of the triangle equals the perimeter. Hence,
the equation is:
r+ T+ (z+9) =414

3. Solve the equation. First, simplify the left-hand side of the equation by
combining like terms.

r+Tr+ (r+9) =414
9r +9 =414

Subtract 9 from both sides of the equation, then divide both sides of the
resulting equation by 9.

92 4+9-9=414-9

9z = 405
9z 405
9 9
x =45

4. Answer the question. Because the first side is z = 45 yards, the second
side is 7z = 315 yards, and the third side is z + 9 = 54 yards.

5. Look back. Let’s add the lengths of the three sides to our sketch.

54 yards 45 yards

315 yards
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Our sketch clearly indicates that the perimeter of the triangle is Perimeter =
45 + 315 + 54, or 414 yards. Hence, our solution is correct.

19. We follow the Requirements for Word Problem Solutions.

1. Set up a variable dictionary. Let k represent the smallest of three con-
secutive odd integers.

2. Set up an equation. Because k is the smallest of three consecutive odd
integers, the next two consecutive odd integers are k 4+ 2 and k + 4.
Therefore, the statement “the sum of three consecutive odd integers is
—543” becomes the equation:

k+ (k+2)+ (k+4) = —543

3. Solve the equation. First, combine like terms on the left-hand side of the
equaton.

k4 (k+2) + (k+4) = —543
3k +6 = —543

Subtract 6 from both sides, then divide both sides of the resulting equa-
tion by 3.

3k+6—-6=-543—-6

3k = —549
3k —549
33

k=—183

4. Answer the question. The smallest of three consecutive odd integers is
—183.

5. Look back. Because the smallest of three consecutive odd integers is —183,
the next two consecutive odd integers are —181, and —179. If we sum
these integers, we get

—183 4 (—181) 4 (—179) = —543,

so our solution is correct.
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21. We follow the Requirements for Word Problem Solutions.

1. Set up a variable dictionary. Let 6 represent the measure of angle A.

2. Set up an equation. A sketch will help summarize the information given
in the problem. Because angle B is 4 times the size of angle A, the degree
measure of angle B is represented by 460. Because angle C' is 30 degrees
larger than the degree measure of angle A, the degree measure of angle
C is represented by 6 + 30.

A

Because the sum of the three angles is 180°, we have the following equa-
tion:

0+ 40 + (0 + 30) = 180

3. Solve the equation. Start by combining like terms on the left-hand side
of the equation.

0 + 40 + (0 + 30) = 180
60 + 30 = 180

Subtract 30 from both sides of the equation and simplify.

60 + 30 — 30 = 180 — 30

60 = 150
Divide both sides by 6.
6 _ 150
6 6
0 =25

4. Answer the question. The degree measure of angle A is § = 25°. The
degree measure of angle B is 46 = 100°. The degree measure of angle C'
is 6 4+ 30 = 55°.

5. Look back. Our figure now looks like the following.
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Note that

254100 + 55 = 180,

so our solution is correct.

23. We follow the Requirements for Word Problem Solutions.

1.

Set up a variable dictionary. Let k represent the smallest of three con-
secutive integers.

Set up an equation. Because k is the smallest of three consecutive inte-
gers, the next two consecutive integers are k + 1 and k + 2. Therefore,
the statement “the sum of three consecutive integers is —384” becomes
the equation:

E+(k+1)+(k+2)=-384

Solve the equation. First, combine like terms on the left-hand side of the
equaton.

k4 (k+1)4 (k+2) = —384
3k +3=—384

Subtract 3 from both sides, then divide both sides of the resulting equa-
tion by 3.

3k+3—-3=-384-3

3k = —387
3k —387
33

k= —129

Answer the question. The smallest of three consecutive integers is k =
—129, so the next two consecutive integers are —128 and —127. Therefore,
the largest of the three consecutive integers is —127.

Look back. 1f we sum the integers —129, —128, and —127, we get
—129 + (—128) + (—127) = —384,

so our solution is correct.
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25. We follow the Requirements for Word Problem Solutions.
1. Set up a variable dictionary. Let x represent the unknown number.

2. Set up an equation. The statement “seven more than two times a certain
number is 181” becomes the equation:

7+ 2x =181

3. Solve the equation. Subtract 7 from both sides, then divide the resulting
equation by 2.

74 2x =181
T4+2x—-T7=181-7

20 =174

2x 174

2 2

xr =87

4. Answer the question. The unknown number is 87.

5. Look back. “Seven more than two times 87" translates as 7+2(87), which
equals 181. The solution make sense.

27. In the solution, we address each step of the Requirements for Word Problem
Solutions.

1. Set up a Variable Dictionary. An example of three consecutive odd in-
tegers is 19, 21, and 23. These are not the integers we seek, but they
do give us some sense of the meaning of three consecutive odd integers.
Note that each consecutive odd integer is two larger than the preceding
integer. Thus, if k is the length of the first side of the triangle, then the
next two sides are k+2 and k+4. In this example, our variable dictionary
will take the form of a well-labeled figure.

k+4 k

k+2
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2. Set up an Equation. The perimeter of the triangle is the sum of the three
sides. If the perimeter is 537 feet, then:

k+ (k+2)+ (k+4) =537

3. Solve the Equation. To solve for k, first simplify the left-hand side of the
equation by combining like terms.

k+ (k+2)+ (k+4) =537
3k + 6 = 537

3k+6—-6=537—-6

Original equation.
Combine like terms.
Subtract 6 from both sides.

3k =531 Simplify.
1
% = % Divide both sides by 3.
k=177 Simplify.

4. Answer the Question. Thus, the first side has length 177 feet. Because
the next two consecutive odd integers are k+2 = 179 and k+4 = 181, the
three sides of the triangle measure 177, 179, and 181 feet, respectively.

5. Look Back. An image helps our understanding. The three sides are
consecutive odd integers.

181 feet 177 feet

179 feet

Note that the perimeter (sum of the three sides) is:
177 feet 4+ 179 feet + 181 feet = 537 feet (2.3)

Thus, the perimeter is 537 feet, as it should be. Our solution is correct.

29. We follow the Requirements for Word Problem Solutions.

1. Set up a variable dictionary. Let M represent the marked price of the
article.
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2. Solve the equation. Because the store offers a 14% discount, Yao pays

86% for the article. Thus, the question becomes “86% of the marked
price is $670.8.” This translates into the equation

86% x M = 670.8,
or equivalently,
0.86M = 670.8

Use a calculator to help divide both sides by 0.86.

0.86M  670.8
0.86  0.86
M =780

Answer the question. Hence, the original marked price was $780.

Look back. Because the store offers a 14% discount, Yao has to pay 86%
for the article. Check what 86% of the marked price will be.

86% x 780 = 0.86 x 780
=670.8

That’s the sales price that Yao paid. Hence, we’ve got the correct solu-
tion.

31. We follow the Requirements for Word Problem Solutions.

1. Set up a variable dictionary. Let k represent the smallest of three con-

secutive even integers.

Set up an equation. Because k is the smallest of three consecutive even
integers, the next two consecutive even integers are k + 2 and k + 4.
Therefore, the statement “the sum of three consecutive even integers is
—486” becomes the equation:

k+ (k+2)+ (k+4) = —486

Solve the equation. First, combine like terms on the left-hand side of the
equaton.

k+ (k+2)+ (k+4) = —486
3k +6 = —486
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Subtract 6 from both sides, then divide both sides of the resulting equa-
tion by 3.

3k+6—-6=—-486—6

3k = —492
3k —492
3 3

k=164

4. Answer the question. The smallest of three consecutive even integers is
—164.

5. Look back. Because the smallest of three consecutive even integers is
—164, the next two consecutive even integers are —162, and —160. If we
sum these integers, we get

—164 + (—162) + (—160) = —486,

so our solution is correct.

33. We follow the Requirements for Word Problem Solutions.

1. Set up a variable dictionary. Let M represent the amount invested in the
mutal fund.

2. Set up the equation. We’ll use a table to help summarize the information
in this problem. Because the amount invested in the certificate of deposit
is $3,500 more than 6 times the amount invested in the mutual fund,
we represent the amount invested in the certificate of deposit with the
expression 6 + 3500.

Investment Amount invested
Mutual fund M
Certificate of deposit 6M + 3500
Totals 45500

The second column of the table gives us the needed equation. The two
investment amounts must total $45,500.

M + (6M + 3500) = 45500
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3. Solve the equation. To solve the equation, first combine like terms on the
left-hand side of the equation.

M + (6M + 3500) = 45500
7M + 3500 = 45500

Subtract 3500 from both sides of the equation and simplify.

TM + 3500 — 3500 = 45500 — 3500
M = 42000

Divide both sides of the equation by 7.

7M 42000
77
M = 6000

4. Answer the question. The amount invested in the mutual fund is M =
$6,000. The amount invested in the certificate of deposit is:

Certificate of deposit = 6 M + 3500
= 6(6000) 4+ 3500
= 36000 + 3500
= 39500

Hence, the amount invested in the certificate of deposit is $39,500.

5. Look back. Note that the two amounts total
6000 + 39500 = 45500,

so we have the correct solution.

2.6 Inequalities

1. Draw a number line, indicating the scale below the line. For each value 4, 3,
—4,7/8, and —8/3, plot the corresponding point on the line and label it with
its value.

I
t

)

I
t

5

\ |
N N
Lo ¢+
o

The position of the numbers on the number line give us the ordering from
smallest to largest: —4, —8/3, 7/8, 3, and 4.

Second Edition: 2012-2013



2.6. INEQUALITIES 109

3. Draw a number line, indicating the scale below the line. For each value —5,
5,4, 2/3, and 8/3, plot the corresponding point on the line and label it with
its value.

2 8
=5 3 3

& I I I I I I I I
g t t t t t t t t

-5 -4 -3 -2 -1 0 1 2 3

NP IS
Ut e Ut

The position of the numbers on the number line give us the ordering from
smallest to largest: —5, 2/3, 8/3, 4, and 5.

5. {x:x > —T} is read “the set of all x such that z is greater than or equal to
—77; that is, the set of all & that lie to the “right of” —7 or including —7 on
the number line. Note that this does include the number —7.

7. {z:x <2} is read “the set of all x such that z is less than 2”; that is, the
set of all x that lie to the “left of” 2 on the number line. Note that this does
not include the number 2.

N

9. (—00,2) = {z : x < 2}, and so it is read “the set of all = such that z is less
than 2”; that is, the set of all z that lie to the “left of” 2 on the number line.
Note that this does not include the number 2.

N

11. (6,00) = {z : © > 6}, and so it is read “the set of all = such that x is
greater than 6”; that is, the set of all  that lie to the “right of” 6 on the
number line. Note that this does not include the number 6.

4
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13. {z :x < 7} is read “the set of all z such that x is greater than 7”; that is,
the set of all = that lie to the “right of” 7 on the number line. Note that this
does not include the number 7.

4

15. [0,00) = {x : > 0}, and so it is read “the set of all = such that x is
greater than or equal to 07; that is, the set of all = that lie to the “right of” 0
or including 0 on the number line. Note that this does include the number 0.

4

@
0

17. {z:x < —2} is read “the set of all = such that z is less than or equal to
—27; that is, the set of all x that lie to the “left of” —2 or including —2 on the
number line. Note that this does include the number —2.

N

@
-2

19. (—00,3] = {x : < 3}, and so it is read “the set of all = such that x is
less than or equal to 3”; that is, the set of all = that lie to the “left of” 3 or
including 3 on the number line. Note that this does include the number 3.

N

®
3

21. Consider the shaded region on the given number line.

N

®
9

Note that every number to the left of 9, including 9, (i.e., “less than or equal
to 97) is shaded. Using set-builder notation, the shaded region is described by
{z:2 <9}.

23. Consider the shaded region on the given number line.
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N

-8

Note that every number to the left of —8 (i.e., “less than —8”) is shaded. Using
set-builder notation, the shaded region is described by {z : z < —8}.

25. Consider the shaded region on the given number line.

4

-2

Note that every number to the right of —2 (i.e., “greater than —2”) is shaded.
Using set-builder notation, the shaded region is described by {x : x > —2}.

27. Consider the shaded region on the given number line.

@
-3

4

Note that every number to the right of —3, including —3, (i.e., “greater than
or equal to —3”) is shaded. Using set-builder notation, the shaded region is
described by {z : z > —3}.

29. Consider the shaded region on the given number line.

4

Note that every number to the right of 4 (i.e., “greater than 4”) is shaded.
Using set-builder notation, the shaded region is described by (4, c0).

31. Consider the shaded region on the given number line.

N

-2

Note that every number to the left of —2 (i.e., “less than —2”) is shaded. Using
interval notation, the shaded region is described by (—oo, —2).
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33. Consider the shaded region on the given number line.

N

@
3

Note that every number to the left of 5, including 5, (i.e., “less than or equal
to 57) is shaded. Using interval notation, the shaded region is described by
(—o0, 5.

35. Consider the shaded region on the given number line.

4

L
1

Note that every number to the right of 1, including 1, (i.e., “greater than or
equal to 17) is shaded. Using interval notation, the shaded region is described
by [1, c0).

37. To “undo” adding 10, we subtract 10 from both sides of the inequality.

z+10<19 Original inquality.
r+10-10<19-10 Subtract 10 from both sides.
<9 Simplify both sides.

Shade all real numbers that are “less than” or “left of” 9 on a number line.

L
hY

Thus, using set-builder and interval notation, the solution is:

{z:2<9}=(-00,9)

39. To “undo” multiplying by 4, we divide both sides of the inequality by 4.
Because we are dividing by a positive number, we do not reverse the inequality
sign.

dr < 8 Original inquality.

4

Zx < % Divide both sides by 4.
x <2 Simplify both sides.

Shade all real numbers that are “less than” or “left of” 2 on a number line.
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N

Thus, using set-builder and interval notation, the solution is:

{z:2<2}=(-0,2)

41. To “undo” multiplying by —2, we divide both sides of the inequality by
—2. Because we are dividing by a negative number, we reverse the inequality
sign.

—2z < -2 Original inquality.
-2 -2
—; > — Divide both sides by —2
and reverse the inequality sign.
rz>1

Simplify both sides.

Shade all real numbers that are “greater than or equal to” or “right of or
including” 1 on a number line.

4

@
1
Thus, using set-builder and interval notation, the solution is:

{z:z>1}=[1,00)

43. To “undo” subtracting 18, we add 18 to both sides of the inequality.

z—18> —10 Original inquality.
xr—18+18 > —-10+18 Add 18 to both sides.
z>8

Simplify both sides.

Shade all real numbers that are “greater than” or “right of” 8 on a number
line.

4

Thus, using set-builder and interval notation, the solution is:

{z:2x>8}=(8m)
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45. We need to isolate terms containing x on one side of the inequality. We
begin by adding 9z to both sides of the inequality.

—br—6>4—-9x Original inquality.
-5z —6+92x>4—-9x+ 9 Add 9z to both sides.
dr—62>4 Simplify both sides.

We continue to isolate terms containing = on one side of the inequality. We
next add 6 to both sides of the inequality.

4r—6+6>4+6 Add 6 to both sides.
4z > 10 Simplify both sides.

To “undo” multiplying by 4, divide both sides by 4. Since we are dividing both
sides by a positive number, we do not reverse the inequality sign.

4 10
Zx > vy Divide both sides by 4.
5
T > 3 Reduce to lowest terms.

Shade all real numbers that are “greater than or equal to” or “right of or
including” 5/2 on a number line.

®
5/2

4

Thus, using set-builder and interval notation, the solution is:

{z:2>5/2} =1[5/2,00)

47. To “undo” subtracting 6, add 6 to both sides of the inequality.

162 — 6 < 18 Original inquality.
16z —6+6 <18+6 Add 6 to both sides.
16z < 24 Simplify both sides.

To “undo” multiplying by 16, divide both sides by 16. Since we are dividing
both sides by a positive number, we do not reverse the inequality sign.

IN

16
1—6x Divide both sides by 16.

8

IA

wlwr~|w
(>R TN

Reduce to lowest terms.

Shade all real numbers that are “less than or equal to” or “left of or including”
3/2 on a number line.
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\
3/2

N

Thus, using set-builder and interval notation, the solution is:

{z:2<3/2} =(—00,3/2]

49. We need to isolate terms containing x on one side of the inequality. We
begin by adding 4z to both sides of the inequality.

—14x —6 > —10 — 4z Original inquality.
—14x — 6 +4x > —10 — 4z + 4x Add 4z to both sides.
—10z — 6 > —10 Simplify both sides.

We continue to isolate terms containing x on one side of the inequality. We
next add 6 to both sides of the inequality.

—10z—6+6>—-10+6 Add 6 to both sides.
—10x > —4 Simplify both sides.

To “undo” multiplying by —10, divide both sides by —10. Since we are dividing
both sides by a negative number, we reverse the inequality sign.

-1 —4
105” < Divide both sides by —10
N N and reverse the inequality sign.
2
z < = Reduce to lowest terms.

Shade all real numbers that are “less than or equal to” or “left of or including”
2/5 on a number line.

¢ °
2/5

Thus, using set-builder and interval notation, the solution is:

{z:2<2/5} =(—00,2/5]

51. To “undo” adding 18, subtract 18 from both sides of the inequality.

5z 4+ 18 < 38 Original inquality.
5r 418 —18 <38 —18 Subtract 18 from both sides.
o < 20 Simplify both sides.
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To “undo” multiplying by 5, divide both sides by 5. Since we are dividing both
sides by a positive number, we do not reverse the inequality sign.

5 20
Ex < = Divide both sides by 5.
<4 Simplify both sides.

Shade all real numbers that are “less than” or “left of” 4 on a number line.

L
hY

Thus, using set-builder and interval notation, the solution is:

{z:z<4} =(—00,4)

53. We need to isolate terms containing x on one side of the inequality. We
begin by adding 6z to both sides of the inequality.

—16x —5 > —11 — 6 Original inquality.
—16x — 5+ 6x > —11 — 62 + 6 Add 6x to both sides.
—10z -5 > —11 Simplify both sides.

We continue to isolate terms containing = on one side of the inequality. We
next add 5 to both sides of the inequality.

—10z—5+5>—-11+5 Add 5 to both sides.
—10z > —6 Simplify both sides.

To “undo” multiplying by —10, divide both sides by —10. Since we are dividing
both sides by a negative number, we reverse the inequality sign.

-10 —6
10x < =T Divide both sides by —10
N N and reverse the inequality sign.
3
z < 5 Reduce to lowest terms.

Shade all real numbers that are “less than or equal to” or “left of or including”
3/5 on a number line.

¢ °
3/5

Thus, using set-builder and interval notation, the solution is:

{z: 2 <3/5} = (—00,3/5]
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55. We need to isolate terms containing x on one side of the inequality. We
begin by adding 8z to both sides of the inequality.

2r—92>5—-8z Original inquality.
20 —9+8x>5—-8x+ 8z Add 8z to both sides.
102 —-92>5 Simplify both sides.

We continue to isolate terms containing x on one side of the inequality. We
next add 9 to both sides of the inequality.

10 —9+9>5+4+9 Add 9 to both sides.
10z > 14 Simplify both sides.

To “undo” multiplying by 10, divide both sides by 10. Since we are dividing
both sides by a positive number, we do not reverse the inequality sign.

10x _ 14
—_— > — Divi h sides 10.
0 =10 ivide both sides by 10
7
T > 5 Reduce to lowest terms.

Shade all real numbers that are “greater than or equal to” or “right of or
including” 7/5 on a number line.

®
7/5

4

Thus, using set-builder and interval notation, the solution is:

{z:2>7/5} =1[7/5,00)

57. To “undo” subtracting 4, add 4 to both sides of the inequality.

—10x -4 <18 Original inquality.
—10x —4+4<18+4 Add 4 to both sides.
—10x < 22 Simplify both sides.

To “undo” multiplying by —10, divide both sides by —10. Since we are dividing
both sides by a negative number, we reverse the inequality sign.

—10 22
15 > = Divide both sides by —10
N N and reverse the inequality sign.
11
T > 5 Reduce to lowest terms.

Shade all real numbers that are “greater than or equal to” or “right of or
including” —11/5 on a number line.
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®
~11/5

4

Thus, using set-builder and interval notation, the solution is:

{z:2>-11/5} =[-11/5,00)

59. To “undo” adding 4, subtract 4 from both sides of the inequality.

—12x +4 < =56 Original inquality.
—12x+4—-4< -56—-4 Subtract 4 from both sides.
—12x < —60 Simplify both sides.

To “undo” multiplying by —12, divide both sides by —12. Since we are dividing
both sides by a negative number, we reverse the inequality sign.

~12 _
z ., =00 Divide both sides by —12
—12 —12 . . .
and reverse the inequality sign.
x>5H Simplify both sides.

Shade all real numbers that are “greater than” or “right of” 5 on a number
line.

4

Thus, using set-builder and interval notation, the solution is:

{z:2>5}=(500)

61. We need to isolate terms containing x on one side of the inequality. We
begin by subtracting 62 from both sides of the inequality.

15z 45 < 6x + 2 Original inquality.
152 +5 —6x < 62+ 2 — 6z Subtract 62 from both sides.
9z 45 < 2 Simplify both sides.

We continue to isolate terms containing = on one side of the inequality. We
next subtract 5 from both sides of the inequality.

9dr+5—-5<2-5 Subtract 5 from both sides.
9z < -3 Simplify both sides.

Second Edition: 2012-2013



2.6. INEQUALITIES 119

To “undo” multiplying by 9, divide both sides by 9. Since we are dividing both
sides by a positive number, we do not reverse the inequality sign.

9 -3
g < o Divide both sides by 9.
T < —3 Reduce to lowest terms.

Shade all real numbers that are “less than” or “left of” —1/3 on a number line.

N

-1/3
Thus, using set-builder and interval notation, the solution is:

{z:2<-1/3} =(—00,—1/3)

63. The common denominator is 8. Clear the fractions from the inequality by
multiplying both sides of the inequality by 8.

gx > % Original inequality.
3 9 . .
8 5:5 > 3 8 Multiply both sides by 8.
122 > 9 Cancel and multiply.

To “undo” multiplying by 12, divide both sides of the inequality by 12. Because
we are dividing by a positive number, we do not reverse the inequality.

12x 9

—_— > — Divi h sides 12.
B > B ivide both sides by
T > Z Simplify.

Shade all real numbers that are “greater than” or “right of” 3/4 on a number
line.

4

3/4

Thus, using set-builder and interval notation, the solution is:

{z:2z>3/4} = (3/4,00)

Second Edition: 2012-2013



120 CHAPTER 2. SOLVING LINEAR EQUATIONS

65. The common denominator is 10. We will now clear the fractions from the
inequality by multiplying both sides of the inequality by 10.

T+ g < g Original inequality.
3 9 . .
10 (x+ 3 < 10 5 Multiply both sides by 10.
3 9 S
10z 4+ 10 3 < 10 5 On the left, distribute the 10.
10z + 15 < 18 Multiply.

To “undo” the effect of adding 15, subtract 15 from both sides of the inequality.

10x+15—-15< 18 —-15 Subtract 15 from both sides.
10z < 3 Simplify both sides.

To “undo” the effect of multiplying by 10, divide both sides of the inequality
by 10.

10z 3
— < — Divi h sides by 10.
0 < 10 ivide both sides by 10
3
T < 0 Simplify both sides.

Shade all real numbers that are “less than” or “left of” 3/10 on a number line.

L
hY

3/10

Thus, using set-builder and interval notation, the solution is:

{z: x <3/10} = (—00,3/10)

67. Thus, using set-builder and interval notation, the solution is:

{z:2x>5/7}=1[5/7,00)

69. The common denominator is 56. We will now clear the fractions from the
inequality by multiplying both sides of the inequality by 56.

T — g > —g Original inequality.
3 9 . .
56 (Jc — g) > 56 (—?> Multiply both sides by 56.
3 9 e e
56x — 56 3 > 56 —7 On the left, distribute the 56.
56z — 21 > —72 Multiply.
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To “undo” the effect of subtracting 21, add 21 to both sides of the inequality.

56x —21+21 > -72+21 Add 21 to both sides.
56x > —51 Simplify both sides.

To “undo” the effect of multiplying by 56, divide both sides of the inequality
by 56.

—51
56_x > —5 Divide both sides by 56.
56 56
1
T > —% Simplify both sides.

Shade all real numbers that are “greater than or equal to” or “right of or
including” —51/56 on a number line.

®
—51/56

4

Thus, using set-builder and interval notation, the solution is:

{z: x> -51/56} = [-51/56,00)

71. The common denominator is 35. Clear the fractions from the inequality
by multiplying both sides of the inequality by 35.

6 4

—gfc < —7 Original inequality.
6 4 . .

35 57 < — 35 Multiply both sides by 35.
—42x < =20 Cancel and multiply.

To “undo” multiplying by —42, divide both sides of the inequality by —42.
Because we are dividing by a negative number, we reverse the inequality.

—42z  —20
> Divi h sides —42.
o 25 ivide both sides by
10
x> o1 Simplify.

Shade all real numbers that are “greater than or equal to” or “right of or
including” 10/21 on a number line.

®
10/21

4

Thus, using set-builder and interval notation, the solution is:

{z: 2z >10/21} = [10/21, )
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73. The common denominator is 45. Clear the fractions from the inequality
by multiplying both sides of the inequality by 45.

2
—gx — % < g ~9 Original inequality.
6 7 5 2
6 TN (2 2 . . .
45 ( 5:c 3> < (9 9> 45 Multiply both sides by 45
—54x — 105 < 25 — 10z Cancel and multiply.

We need to isolate all terms containing z on one side of the equation. To
“undo” subtracting 10x, add 10z from both sides of the inequality.

—54x — 105+ 10z < 25 — 10z + 10z Add 10x to both sides.
—44x — 105 < 25 Simplify both sides.

We continue to isolate terms containing = on one side of the inequality. To
“undo” subtracting 105, add 105 from both sides of the inequality.

—44x — 105+ 105 < 25 4+ 105 Add 105 to both sides.
—44x < 130 Simplify both sides.

To “undo” the effect of multiplying by —44, divide both sides of the inequality
by —44. Because we are dividing both sides by a negative number, we reverse
the inequality sign.

—44x _ 130
> Divi h sides —44
—i1 2 i ivide both sides by
and reverse the inequality sign.
65
T > ~55 Simplify both sides.

Shade all real numbers that are “greater than or equal to” or “right of or
including” —65/22 on a number line.

®
—65/22

4

Thus, using set-builder and interval notation, the solution is:

{z: x> -65/22} = [-65/22,00)
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75. The common denominator is 14. Clear the fractions from the inequality
by multiplying both sides of the inequality by 14.

gx + g > lx + z Original inequalit
7P T T 7T Y '8 dHatty:

9 9 1 7
14 (?x + §> > (?x + 5) 14 Multiply both sides by 14.

18z 4+ 63 > 2z + 49 Cancel and multiply.

We need to isolate all terms containing x on one side of the equation. To
“undo” adding 2z, subtract 2z from both sides of the inequality.

18x + 63 — 2x > 2x + 49 — 2x Subtract 2 from both sides.
16z + 63 > 49 Simplify both sides.

We continue to isolate terms containing x on one side of the inequality. To
“undo” adding 63, subtract 63 from both sides of the inequality.

162 + 63 — 63 > 49 — 63 Subtract 63 from both sides.
16z > —14 Simplify both sides.

To “undo” the effect of multiplying by 16, divide both sides of the inequality
by 16. Because we are dividing both sides by a positive number, we do not
reverse the inequality sign.

16z —14 . .
16 > 16 Divide both sides by 16.
x> —g Simplify both sides.

Shade all real numbers that are “greater than” or “right of” —7/8 on a number
line.

4

—7/8

Thus, using set-builder and interval notation, the solution is:

{z:2x>-7/8}=(-7/8,0)
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77. We'll first clear the decimals by multiplying both sides by 100, which will
move each decimal point two places to the right.

—3.7x —1.98 < 3.2 Original inequality.
—370x — 198 < 320 Multiply both sides by 100.
To “undo” subtracting 198, add 198 to both sides of the inequality.

—370x — 198 4+ 198 < 320 + 198 Add 198 to both sides.
—370x < 518 Simplify both sides.

To “undo” multiplying by —370, divide both sides of the inequality by —370.
Because we are dividing by a negative number, so we reverse the inequality
sign.

370 518
_375 > 370 Simplify both sides.
T > —% Reduce to lowest terms.

Shade all real numbers that are “greater than or equal to” or “right of or
including” —7/5 on a number line.

®
~7/5

4

Thus, using set-builder and interval notation, the solution is:

{z:2>-7/5}=[-7/5,00)

79. We'll first clear the decimals by multiplying both sides by 10, which will
move each decimal point one place to the right.

—34x+3.5>09—-222 Original inequality.
—34x+35>9 — 22z Multiply both sides by 10.

We need to isolate terms containing x on one side of the inequality. Start by
adding 22z to both sides of the inequality.

—34x + 35+ 22x > 9 — 22x + 22z Add 22z to both sides.
—1224+35>9 Simplify both sides.

We continue to isolate terms containing x on one side of the inequality. Subtract
35 from both sides of the inequality.

—12x+35—-35>9—-35 Subtract 35 from both sides.
—12x > —-26 Simplify both sides.
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To “undo” multiplying by —12, divide both sides of the inequality by —12.
Because we are dividing by a negative number, we reverse the inequality sign.

—12 —26
_1; < D) Simplify both sides.
13
z < 3 Reduce to lowest terms.

Shade all real numbers that are “less than or equal” or “left of or including ”
13/6 on a number line.

¢ @
13/6
Thus, using set-builder and interval notation, the solution is:

{z: 2z <13/6} = (—o0,13/6]

81. We'll first clear the decimals by multiplying both sides by 10, which will
move each decimal point one place to the right.

—1324+29> -2.6—-3.3z Original inequality.
—13x+29 > —26 — 33x Multiply both sides by 10.

We need to isolate terms containing z on one side of the inequality. Start by
adding 33z to both sides of the inequality.

—13x + 29 + 33x > —26 — 33x + 33z Add 33z to both sides.
202 +29 > —26 Simplify both sides.

We continue to isolate terms containing x on one side of the inequality. Subtract
29 from both sides of the inequality.

20z +29 — 29 > —26 — 29 Subtract 29 from both sides.
20z > —55 Simplify both sides.

To “undo” multiplying by 20, divide both sides of the inequality by 20. Because
we are dividing by a positive number, we do not reverse the inequality sign.

20 —55
2—5 > 20 Simplify both sides.
11
> -7 Reduce to lowest terms.
Shade all real numbers that are “greater than” or “right of ” —11/4 on a

number line.
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4

~11/4

Thus, using set-builder and interval notation, the solution is:
{z:2z>-11/4} = (—11/4,0)
83. We'll first clear the decimals by multiplying both sides by 10, which will

move each decimal point one place to the right.

22x+19< =23 Original inequality.
22x + 19 < —23 Multiply both sides by 10.

To “undo” adding 19, subtract 19 from both sides of the inequality.

22xr+19—-19< —-23-19 Subtract 19 from both sides.
22x < —42 Simplify both sides.

To “undo” multiplying by 22, divide both sides of the inequality by 22. Because
we are dividing by a positive number, we do not reverse the inequality sign.

2z —42 o e p
> < > Simplify both sides.
21
T < -1 Reduce to lowest terms.
Shade all real numbers that are “less than” or “left of ” —21/11 on a number

line.

N

—21/11

Thus, using set-builder and interval notation, the solution is:

{z:z<—21/11} = (o0, —21/11)
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Chapter 3

Introduction to Graphing

3.1 Graphing Equations by Hand

1. To plot the point A(2,—4), move 2 units to the right, then move 4 units
down. The remaining points are plotted in a similar manner.

y y
5 5
C(_37 2)
> T
-5 5 -5 5
4
¥ B(—4,-3)
. A(2,—4 \ s A(2,—4

3. To plot the point A(3,—2), move 3 units to the right, then move 2 units
down. The remaining points are plotted in a similar manner.

127
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L 2

5. To plot the point A(—2,2), move 2 units to the left, then move 2 units up.
The remaining points are plotted in a similar manner.

Y Y
5

[\V]

1.

7. Start at the origin, move 4 units to the left then move 3 units up to reach
the point P.

AN
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9. Start at the origin, move 3 units to the right then move 4 units down to
reach the point P.

L 2
8

11. Substitute (z,y) = (5, 20) into the equation y = 5z — 5.

y=5xr—5 Original equation.
20=5(5) -5 Substitute: 5 for x, 20 for y.
20=25-5 Multiply: 5(5) = 25.
20 =20 Subtract: 25 — 5 = 20.

Because this last statement is a true statement, (5,20) satisfies (is a solution
of) the equation y = 5z — 5.

For contrast, consider the point (8, 36).

y=>5xr—5 Original equation.
36=58)—5 Substitute: 8 for x, 36 for y.
36 =40—-5 Multiply: 5(8) = 40.
36 =35 Subtract: 40 — 5 = 35.

Note that this last statement is false. Hence, the pair (8,36) is not a solution
of y = bx — 5. In similar fashion, readers should also check that the remaining
two points are not solutions.

13. Substitute (z,y) = (1,1) into the equation y = —5x + 6.

y=—bx+6 Original equation.
1=-5(1)+6 Substitute: 1 for x, 1 for y.
1=-5+6 Multiply: —5(1) = —5.
1=1 Add: -5+6=1.
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Because this last statement is a true statement, (1,1) satisfies (is a solution of)
the equation y = —5x + 6.

For contrast, consider the point (2, —3).

y=-—-5x+6 Original equation.
—-3=-5(2)+6 Substitute: 2 for x, —3 for y.
—-3=-10+6 Multiply: —5(2) = —10.
—-3=-4 Add: —10+6 = —4.

Note that this last statement is false. Hence, the pair (2, —3) is not a solution
of y = —bx+6. In similar fashion, readers should also check that the remaining
two points are not solutions.

15. Substitute (z,y) = (7,395) into the equation y = 8z + 3.

y=8z2+3 Original equation.
395 =8(7)% +3 Substitute: 7 for z, 395 for y.
395 =8(49) + 3 Square: (7)% = 49.
305 = 302 + 3 Multiply: 8(49) = 392.
395 = 395 Add: 392 + 3 = 395.

Because this last statement is a true statement, (7,395) satisfies (is a solution
of) the equation y = 82 + 3.

For contrast, consider the point (1,12).

y=8x2+3 Original equation.
12=8(1)+3 Substitute: 1 for z, 12 for y.
12=28(1)+3 Square: (1) = 1.

12=8+3 Multiply: 8(1) = 8.

12 =11 Add: 8+ 3 =11.

Note that this last statement is false. Hence, the pair (1,12) is not a solution
of y = 822 + 3. In similar fashion, readers should also check that the remaining
two points are not solutions.

17. Substitute (z,y) = (8,400) into the equation y = 6% + 2x.

y = 6z + 2z Original equation.
400 = 6(8)% + 2(8) Substitute: 8 for a, 400 for .
400 = 6(64) + 2(8) Square: (8)% = 64.
400 = 384 + 16 Multiply: 6(64) = 384; 2(8) = 16
400 = 400 Add: 384 + 16 = 400.
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Because this last statement is a true statement, (8,400) satisfies (is a solution

of) the equation y = 622 + 2z.
For contrast, consider the point (2,29).

y = 622 + 2z

29 = 6(2)% +2(2)
29 = 6(4) +2(2)
29 =24 +4

29 = 28

Original equation.
Substitute: 2 for z, 29 for y.
Square: (2)% = 4.
Multiply: 6(4) = 24; 2(2) =4
Add: 24 +4 = 28.

Note that this last statement is false. Hence, the pair (2,29) is not a solution of
y = 622 + 2z. In similar fashion, readers should also check that the remaining

two points are not solutions.

19. First, complete the table of points that satisfy the equation y = 2x + 1.

z |y=2zx+1 (x,y)
=3 5 (—3,—5)
-2 -3 (-2,-3)
-1 -1 (—1,-1)
0 1 (0,1)
1 3 (1,3)
2 5 (2,5)
3 7 (3,7)

Next, plot the points in the table, as shown in the image on the right. This
first image gives us enough evidence to believe that if we plotted all points
satisfying the equation y = 2z + 1, the result would be the graph on the right.

Y

—10

Y

y=2x+1

10

-1
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21. First, complete the table of points that satisfy the equation y = |z — 5|.

| y=lzr—5| (zy)
y=1[2-5=3 2 3 (2,3)
y=13-5=2 3 2 (3,2)
y=]4—5/=1 4 1 (4,1)
y=1[5-5=0 5 0 (5,0)
y=16-5=1 6 1 (6,1)
y=1|7-5=2 7 2 (7.2)
y=18-5=3 8 3 (8,3)

Next, plot the points in the table, as shown in the image on the right. This
first image gives us enough evidence to believe that if we plotted all points
satisfying the equation y = |x — 5|, the result would be the graph on the right.

Y Y
10 1

y=|r -3

—10 10 —10 10

23. First, complete the table of points that satisfy the equation y = (x + 1)2.

€T Y= ($+1)2 (x’y)
y=(—-4+12=9 —4 9 (—4,9)
y=(-3+1)2=4 -3 4 (=3,4)
y=(-2+1)?%=1 -2 1 (—2,1)
y=(-1+1)2=0 -1 0 (—1,0)
y=(0+1)2=1 0 1 (0,1)
y=(1+1)2=4 1 4 (1,4)

=2+1)%*=9 2 9 (2,9)

Next, plot the points in the table, as shown in the image on the left. This
first image gives us enough evidence to believe that if we plotted all points
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satisfying the equation y = (x + 1), the result would be the graph on the
right.

y=(z+1)

25. First, complete the table of points that satisfy the equation y = —x — 5.

x |y=—x—-5 (z,y)
y=—(-3)—5=—2 3 i) ~3,-92)
y=—(-2)—5=-3 —9 -3 2.3
y=—(-1)—5=—-4 -1 —4 (—1,-4)
y=—(0)—-5=-5 0 -5 (0,-5)
y=—(1)—5=—6 1 6 (1, -6)

- (2)—5=-7 2 7 (2, -7)
y=—(3)—5=—8 3 -8 (3,-8)

Next, plot the points in the table, as shown in the image on the right. This
first image gives us enough evidence to believe that if we plotted all points
satisfying the equation y = —x — 5, the result would be the graph on the right.
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10 10 —10 10

©
@

-1 —10

y=-x—95

27. Enter the equation y = 2% — 6z + 5 in Y1 in the Y= menu, using the
following keystrokes.

] |C > | [

Press 2ND WINDOW, then set TblStart = 0 and ATbl = 1. Press 2ND
GRAPH to produce the table.

Flotl Flotz Flats THELE SETUF
M EE2-EkE+D ThlStart=
=W==1 alhl=1
wMr= IndrFnt:
wMy= Derend:
~Ne=
wMe=
“Mr=

Enter the data from your calculator into a table on your graph paper. Use
a ruler to construct the axes of your coordinate system, label and scale each
axis. Plot the points in the table, as shown in the image on the right.

Yy
1
o] v | @y |
ol 5 | (0,5
1| o | @0
2| —3](2,-3)
3 -4 (3,4 ~10 0"
4] -3 (4,-3)
510 | (50
6| 5 | (6,5
1
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The plotted points provide enough evidence to convince us that if we plotted
all points that satisfied the equation y = 22 —6x+5, we would get the following
result.

—
—

y=a?—6z+5

29. Enter the equation y = —2% + 22 4+ 3 in Y1 in the Y= menu using the
following keystrokes.

Press 2ND WINDOW, then set TblStart = —2 and ATbl = 1. Press 2ND
GRAPH to produce the table.

Flotl Flakz Flots TAELE SETUFP
MR CE 2 HEES Thl5tart=-2
=Mz=l aThl=1
MNr= Indrnt.:
wMy= Derend:

“MNe=
~MNE=
“Me=

Enter the data from your calculator into a table on your graph paper. Use
a ruler to construct the axes of your coordinate system, label and scale each
axis. Plot the points in the table, as shown in the image on the right.
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y
10
e[ v | @y |
2| =5 (=2, -5)
1] 0 | (~1,0)
0| 3 (0,3)
1|4 (1,4) -10 0"
2 | 3] 23
310 (3,0)
4 | =5 | 4,-5)
~10

The plotted points provide enough evidence to convince us that if we plotted
all points that satisfied the equation y = —22+22+3, we would get the following
result.

Yy
10
/ \
T
—10 / \ 10
| \
/ \
=—2>+2z+3
i \
| \
| \
10 \

31. Enter the equation y = 2® — 422 — 7z + 10 in Y1 in the Y= menu using
the following keystrokes.

RSER W ) <
1 Ml ENTER

Press 2ND WINDOW, then set TblStart = —3 and ATbl = 1. Press 2ND
GRAPH to produce the table.
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Flotl Flatz Flots TAELE SETUFP
=M BES I 2T Thlstart=-3
#+1a albl=1
“Mz=Nl IndrFnt:

MNr= Derend:
=My=
“Me=
~MNE=

Enter the data from your calculator into a table on your graph paper. Use
a ruler to construct the axes of your coordinate system, label and scale each
axis. Plot the points in the table, as shown in the image on the right.

|| v | @y | !
—3| 32| (-3,-32)
2| 0 | (=20
—1| 12 | (-1,12)
0| 10 | (0,10 .
1] o (1,0)
2 | 12| (2,-12) = 1 10
3| —20| (3,-20) °
4| —18| (4,-18) I
50 0 (50
6 | 40 | (6,40) 5

The plotted points provide enough evidence to convince us that if we plotted
all points that satisfied the equation y = 3 — 422 — 72 + 10, we would get the
following result.

Yy
° mu
=2 — 42> — Tz + 10
|
|
|
|
/ |
T
—10 / \ / 10
| /
|
|
|
5
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33. Enter the equation y = —x> + 422 + 7z — 10 in Y1 in the Y= menu using

the following keystrokes.

1
~—

BRI B [

1] 1 D I

BN ENTER

Press 2ND WINDOW, then set TblStart = —3 and ATbl = 1. Press 2ND
GRAPH to produce the table.

Flobl Flakz Flat: TAELE SETUF

MR R F RS2+ Thl5tart=-3
*5—18 & =

~Nz=N Indrnt: [fI%= A=k
wMr= Derend: Ask
wMy=

~Me=

“ME=

Enter the data from your calculator into a table on your graph paper. Use
a ruler to construct the axes of your coordinate system, label and scale each
axis. Plot the points in the table, as shown in the image on the right.

2| v | (@
3| 32 | (-3,32)
2 0 | (=20
1| 12 ] (<1,-12)
0 | 10| (0,~10)
1o | o
2 | 12 | (2,12
3| 20 | (3,20
4| 18 | (4,18
50 0 | (50
6 | —40 | (6,—40)

The plotted points provide enough evidence to convince us that if we plotted
all points that satisfied the equation y = —2® + 422 + 72 — 10, we would get
the following result.
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Y
I 50
|
\
\
\
\ /
T
—10 \ \ 10

\

\

\

|

y ‘=‘—‘x3+4x2 + 7z — 10

—50 [ []

35. First, enter the equation y = v/x + 5 into Y1 in the Y= menu using the
following keystrokes. The results are shown in the first image below.

Next, select 2ND WINDOW and adjust the settings to match those in the
second image. below. Finally, select 2ND GRAPH to open the TABLE. Copy
the results from the third image below into the tables on your graph paper.

Flokl Flokz Flakz THELE SETUF ]

=N EECE+S Thlstart=-5 ©

wMNe= aThl=1 4

M= IndFmt. s Z

wMy= DerFends: -1

wMe= 0

~MNg= i

R ik M=
z |y=Vii5]| (a,9) z [y=vi+5] (a9
-5 0 (=5,0) 3 2.8 (3,2.8)
—4 (—4,1) 4 3 (4,3)
-3 1.4 (—3,1.4) 5 3.2 (5,3.2)
-2 1.7 (=2,1.7) 6 3.3 (6,3.3)
-1 2 (-1,2) 7 3.5 (7,3.5)
0 2.2 (0,2.2) 8 3.6 (8,3.6)

2.4 (1,2.4) 9 3.7 (9,3.7)

2 2.6 (2,2.6) 10 3.9 (10,3.9)

Next, plot the points in the tables, as shown in the image on the left. This
first image gives us enough evidence to believe that if we plotted all points
satisfying the equation y = v/x + 5, the result would be the graph on the right.
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'Yyl

—10 10

3.2 The Graphing Calculator

N
I

—10

1. Enter the equation y = 2z + 3 into the Y= menu, then select 6:ZStandard

from the ZOOM menu.

Flotl Flatz Flots
=M B2HE+S
MNz=Nl

MNr=

wMy=

“MNe=

~MNE=

“Me=

/

/

Report the graph on your homework as follows:

10

y=2x+3

—-10

—-10
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3.2. THE GRAPHING CALCULATOR 141

3. Enter the equation y = %x —4 into the Y= menu, then select 6:ZStandard
from the ZOOM menu.

Flotl Flatz Flats
=M B1 < 2E—d
MNz=
wMz=
“My=

MNe=
~MNg=
-\l.l.l?= -F'_'_'_'_,_,-'-"'_ﬂf

Report the graph on your homework as follows:

Y
10
T
—10 10
—10

5. Enter the equation y = 9 — 22 into the Y= menu, then select 6:ZStandard
from the ZOOM menu.

Flotl Flatz Flots
=M ES-H2

=Mz=l

wMr=

My=

=Me=

“ME=

M=

Report the graph on your homework as follows:
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10

—10

—10

7. Enter the equation y = %azQ —3 into the Y= menu, then select 6:ZStandard

from the ZOOM menu.

Flotl Flatz Flots
MBS 223
Mz=
wMr=
“My=
“ME=
“MNe=
M=

10

y=9—22

CHAPTER 3. INTRODUCTION TO GRAPHING

\

/

]

A

Report the graph on your homework as follows:

Y
10

y:%atQ—?)

—10

9. Enter the equation y = v/« into the Y= menu, then select 6:ZStandard

from the ZOOM menu.

Flotl Flakz Flots
SM1ETCHED
M=

MNr=

Second Edition: 2012-2013

\V

10




3.2. THE GRAPHING CALCULATOR 143

Report the graph on your homework as follows:

10

-10 10

—10

11. Enter the equation y = vz + 3 into the Y= menu, then select 6:ZStan-
dard from the ZOOM menu.

Flotl Flatz Flots
x$1EJiH+3}

T =

“Nz= —
“My=
MNe=
M=
M=

Report the graph on your homework as follows:

Y
10
y=+vzr+3
e .
—10 10
—10

13. Enter the equation y = |z| into the Y= menu, then select 6:ZStandard
from the ZOOM menu.
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Flotl Flatz Flots
~NiBabsCHEl
=Mz=l

wMr=

My=

=Me=

“ME=

M=

Report the graph on your homework as follows:

10

y = |z|

—10

—10

10

15. Enter the equation y = |z+2| into the Y= menu, then select 6:ZStandard

from the ZOOM menu.

Flotl Flatz Flats
~MiBabsCHE+2
M=
MNr=
“My=
MNe=
M=
M=

e

Report the graph on your homework as follows:

10

Y

y=|z+2|

—-10

-10

Second Edition: 2012-2013
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3.2. THE GRAPHING CALCULATOR

17. Enter the equation y = 22 + 2 — 20 into Y1= of the Y= menu, as shown
in the first image below, then select 6:ZStandard from the ZOOM menu. In
the WINDOW menu, make the changes shown in the second image to Ymin
and Ymax, then push the GRAPH button to produce the graph shown in the

third image.

145

Flotl Flatz Flots
M EE2HE-2A
~MNz=N
wMz=
“My=
MNe=
M=
M=

WIHDOL
Amin=-18
Emax=18
necl=1
Ymin=-38
“max=38
Y=cl=1A

LEres=1

\

/

N

Report the graph on your homework as follows:

19. Enter the equation y = —22+42+21 into Y1= of the Y= menu, as shown
in the first image below, then select 6:ZStandard from the ZOOM menu. In
the WINDOW menu, make the changes shown in the second image to Ymin
and Ymax, then push the GRAPH button to produce the graph shown in the

third image.

Y y:x2+x—20

30

—10

-30

10

Flotl Flokz Flobz

M=
MNr=
wMy=
“MNe=
~MNE=
“Me=

MR RTE R+ ]

WIHOaL
H“min=-18
smax=18
nacl=1

/

~

/

\

Report the graph on your homework as follows:
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CHAPTER 3. INTRODUCTION TO GRAPHING

30

—10

—-30

y=—a>+4z+21

21. Enter the equation y = 222 —13x—24 into Y1= of the Y= menu, as shown
in the first image below, then select 6:ZStandard from the ZOOM menu. In
the WINDOW menu, make the changes shown in the second image to Ymin
and Ymax, then push the GRAPH button to produce the graph shown in the

third image.

Flotl Flotz Flots
;¥1EE*H“2—13*H—2

wMe=
wMr=
“My=
wMo=
“Me=

WTHOGH

Amax=1a
Ascl=1

‘Ymax=o08
Yecl=16
Ldres=1

Amin=-18 m& j#
Ymin=-58 thjff

Report the graph on your homework as follows:

Y
50

y=2a>—13z—24

xT

-10

-50

10

23. Enter the equations y = 22 + 1 and y = x + 8 into Y1= and Y2= of
the Y= menu, as shown in the first image below, then select 6:ZStandard
from the ZOOM menu. In the WINDOW menu, make the changes shown in
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3.2. THE GRAPHING CALCULATOR 147

the second image to Ymin and Ymax, then push the GRAPH button. Press
the TRACE button, then use the arrow keys to move the cursor as close as
possible to the point of intersection, as shown in the third image.

Flotl Flatz Flots WIHOOL =zled

=M EZ2HE+] HBMin=-3

~MNzBE+2 Bmax=13

~Nx=1 nacl=1

wMy= Ymin=-3

“MNe= “Wmax=28

~MNE= Yacl=5 i

“Me= LEres= #=6.9148936 Y=14.Bz97H7

Report the graph on your homework as follows. As the TRACE key is only an
approximation, estimates of the point of intersection may vary a bit.

y
20
(6.91,14.82)
X
-5 / 15
L5

y=2x+1

25. Enter the equations y = %x and y = %m—3 into Y1=and Y2= of the Y=
menu, as shown in the first image below, then select 6:ZStandard from the
ZOOM menu. In the WINDOW menu, make the changes shown in the second
image to Ymin and Ymax, then push the GRAPH button. Press the TRACE
button, then use the arrow keys to move the cursor as close as possible to the
point of intersection, as shown in the third image.

Flotl Flatz Flots WIHOOL =Ll

R = Pt HBmin=-9

wMNeB2s k=3 HEmax=38

~Nx=1 wacl=5

wMy= Ymin=-3

“MNe= “Wmax=28

~MNE= Yacl=5 I

“Me= LEres=1 #=1H.0B5106 Y=9.04Z5532

Report the graph on your homework as follows. As the TRACE key is only an
approximation, estimates of the point of intersection may vary a bit.
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20

(18.08,9.04)

- 35

—‘{ y:3r73

3°

27. Enter the equations y = 5 — x and y = —3 — 2z into Y1= and Y2= of
the Y= menu, as shown in the first image below, then select 6:ZStandard
from the ZOOM menu. In the WINDOW menu, make the changes shown in
the second image to Ymin and Ymax, then push the GRAPH button. Press
the TRACE button, then use the arrow keys to move the cursor as close as
possible to the point of intersection, as shown in the third image.

Flobl Flakz Flat: WIHOOL Vi=5-H
M ES=E BAmin=-25
WM B -E-2k AMax=D
~Nz=1 necl=5
ﬁ y= $m i n=2'g
Me= max=
“Me= Yoo l=5 l\\“'“
M= Lares=1 #=-7.765957 Y=1Z.7G5O5T

Report the graph on your homework as follows. As the TRACE key is only an
approximation, estimates of the point of intersection may vary a bit.

Y
25
(=7.76,12.76)
y=5-—uw
\ )
—25 5
-5
y=-—-3-—2x
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3.3. RATES AND SLOPE 149

3.3 Rates and Slope

1. Start by setting up a Cartesian Coordinate System, labeling and scaling each
axis. Plot the point (0,10). This represents the fact that the initial velocity
is v = 10 m/s at time ¢t = 0 s. Because the object accelerates at a rate of 5
m/s each second, start at the point (0,10), then every time you move 1 second
to the right, move 5 m/s upward. Do this for 5 consecutive points. Finally, as
evidenced from the initial points plotted on the left, the constant acceleration
of 5 m/s/s guarantees that the graph of the object’s velocity versus time will
be a line, shown on the right.

v(m/s) v(m/s)

50 50

40 40

30 30

20 20

10 10
(0,10 (0,10

t(s(

0
012345678910('012345678910

We know that every time the time increases by 1 second (At = 1s), the object’s
speed increases by 5 m/s (Av = 5m/s). Thus, the slope of the line is:

Av
Slope = Az
~ 5m/s
- 1s
=5m/s/s

Note that the slope of the line is identical to the rate at which the objects’s
velocity is increasing with respect to time.

3. Start by setting up a Cartesian Coordinate System, labeling and scaling
each axis. Plot the point (0,90). This represents the fact that the David’s
initial distance from his brother is d = 90 feet at time ¢ = 0 seconds. Because
David’s distance from his brother decreases at a constant rate of 10 feet per
second (10 ft/s), start at the point (0,90), then every time you move 1 second
to the right, move 10 ft downward. Do this for 5 consecutive points. Finally,

Second Edition: 2012-2013



150 CHAPTER 3. INTRODUCTION TO GRAPHING

as evidenced from the initial points plotted on the left, the decrease of David’s
distance from his brother at a constant rate of 10ft/s guarantees that the graph
of the David’s distance from his brother versus time will be a line, shown on
the right.

d(ft) d(ft)
100 79,90 100 T0, 90
90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10
#(s(

0 g
012345678910('012345678910

We know that every time the time increases by 1 second (At = 1s), David’s
distance from his brother decreases by 10 ft (Ad = —10ft). Thus, the slope of
the line is:

Ad
Slope = A7
101t
- 1s
= —101ft/s

Note that the slope of the line is identical to the rate at which the David’s
distance from his brother is decreasing with respect to time. Note that the
minus sign indicates the the David’s distance from his brother is decreasing
with respect to time.

5. To calculate the slope, we’ll subtract the coordinates of point P(9,0) from
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the point Q(-9,15).

A
Slope = A—y Slope is the change in y
x
divided by the change in x.
15—-0
=9 9 Divide the difference in y
I by the difference in x.
15
=13 Simplify numerator and denominator.
= —% Reduce to lowest terms.

7. To calculate the slope, we’ll subtract the coordinates of point P(0,11) from
the point Q(16,—11).

A
Slope = A—y Slope is the change in y
x
divided by the change in x.
—-11-11
=160 Divide the difference in y
- by the difference in x.
—22
=16 Simplify numerator and denominator.
11
=-3 Reduce to lowest terms.

9. To calculate the slope, we’ll subtract the coordinates of point P(11,1) from
the point Q(—1, —1).

A
Slope = A—y Slope is the change in y
x
divided by the change in x.
-1-1
=7-11 Divide the difference in y
T by the difference in x.
-2
= Simplify numerator and denominator.
1
=3 Reduce to lowest terms.
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11. To calculate the slope, we’ll subtract the coordinates of point P(—18,8)
from the point (3, —10).

A
Slope = A—y Slope is the change in y
x
divided by the change in x.
—-10-8 .. . .
= m Divide the difference in y
by the difference in x.
—18
=57 Simplify numerator and denominator.
6
=7 Reduce to lowest terms.

13. To calculate the slope, we'll subtract the coordinates of point P(—18,10)
from the point Q(—9,7).

A
Slope = A—z Slope is the change in y
divided by the change in z.
7—10 .. . .
= m Divide the difference in y
by the difference in .
= %3 Simplify numerator and denominator.
1
=-3 Reduce to lowest terms.

15. Because each gridline on the z-axis represents 1 unit, Ax = 8. Because
each gridline on the y-axis represents 2 units, Ay = 12.

20

Ay =12
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Therefore, the slope is:

17. Because each gridline on the z-axis represents 1 unit, Ax = 6. Because

each gridline on the y-axis represents 2 units, Ay = —10.
Y
10
Ax =6
x
-5 5
Ay =-10
—10

Therefore, the slope is:

19. First, sketch each of the lines passing through the given points.
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154 CHAPTER 3. INTRODUCTION TO GRAPHING

Yy

T
(1,3)
/ ( ‘72)
(1.1)
(070) \+yr+)

x
-5 5

Next, calculate the slope of each line.

Slope through (0,0) Slope through (0,0) Slope through (0,0)

and (1,1). and (1,2). and (1,3).
_ Ay _ Ay _ Ay
ml_Ax ml_Ax ml_Ax
~1-0 . 2-0 ~3-0
S 1-0 S 1-0 S 1-0

Label each line with its slope.

/1

As the slope gets larger, the line gets steeper.
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21. First, set up a coordinate system on a sheet of graph paper. Label and scale
each axis, then plot the point P(—4,0). Because the slope is Ay/Ax = —3/7,
start at the point P(—4,0), then move 3 units downward and 7 units to the
right, reaching the point Q(3, —3). Draw the line through the points P and Q.

Y
5
P(—4,0)
T
g BN
N Q(3,-3)
Ax =7 I~

\
-5

23. First, set up a coordinate system on a sheet of graph paper. Label and scale
each axis, then plot the point P(—3,0). Because the slope is Ay/Axz = 3/7,
start at the point P(—3,0), then move 3 units upward and 7 units to the right,
reaching the point Q(4,3). Draw the line through the points P and Q.

)
5
Az =17
T | Q(4,3)
/
xr
—5-" | P(—3,0) 5
-5

25. First, set up a coordinate system on a sheet of graph paper. Label and scale
each axis, then plot the point P(—3,—3). Because the slope is Ay/Ax = 3/7,
start at the point P(—3,—3), then move 3 units upward and 7 units to the
right, reaching the point Q(4,0). Draw the line through the points P and Q.
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Yy
5
Ax =7
T
Ay =3 L
=
T P73,73)
N
-5

27. First, set up a coordinate system on a sheet of graph paper. Label and scale
each axis, then plot the point P(—4,3). Because the slope is Ay/Ax = —3/5,
start at the point P(—4,3), then move 3 units downward and 5 units to the
right, reaching the point Q(1,0). Draw the line through the points P and Q.

Y
‘ 5
P(—4,3)
Ay = -3 N
Q(1,0)
T
-5 Ax =5
\
-5

29. First, set up a coordinate system on a sheet of graph paper. Label and scale
each axis, then plot the point P(—1,0). Because the slope is Ay/Ax = —3/4,
start at the point P(—1,0), then move 3 units downward and 4 units to the
right, reaching the point Q(3, —3). Draw the line through the points P and Q.

Second Edition: 2012-2013



3.4. SLOPE-INTERCEPT FORM OF A LINE 157

3.4 Slope-Intercept Form of a Line

1. First, compare y = %a: — 6 with y = maz + b and note that m = 9/5 and
b = —6. Therefore, the slope of the line is 9/5 and the y-intercept is (0, —6).

Next, set up a coordinate system on a sheet of graph paper. Label
and scale each axis, then plot the y-intercept P(0,—6). Because the slope is
Ay/Axz = 9/5, start at the y-intercept P(0,—6), then move 9 units upward
and 5 units to the right, reaching the point Q(5,3). Draw the line through the
points P and @ and label it with its equation y = %a: — 6.

Y
10 =22-6
/
Axr =5
Q(5,3)"
/ T
-10 Ay =91/ 10
P(0,—6)
[T
Ao

3. First, compare y = —%x—i—él with y = mx+b and note that m = —11/4 and

b = 4. Therefore, the slope of the line is —11/4 and the y-intercept is (0,4).
Next, set up a coordinate system on a sheet of graph paper. Label

and scale each axis, then plot the y-intercept P(0,4). Because the slope is
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Ay/Ax = —11/4, start at the y-intercept P(0,4), then move 11 units downward
and 4 units to the right, reaching the point Q(4,—7). Draw the line through
the points P and @ and label it with its equation y = —%x + 4.

Y
10
\
\[-P(0,4
\
\ x
—10***A:g - 11 \ 10
\ :v) 47_7)*
Ar = 4\
_101\\\\ Y= 141:c+4

5. First, compare y = —1—7130—1—4 with y = ma+b and note that m = —11/7 and
b = 4. Therefore, the slope of the line is —11/7 and the y-intercept is (0,4).

Next, set up a coordinate system on a sheet of graph paper. Label
and scale each axis, then plot the y-intercept P(0,4). Because the slope is
Ay/Axz = —11/7, start at the y-intercept P(0,4), then move 11 units downward
and 7 units to the right, reaching the point Q(7,—7). Draw the line through
the points P and @ and label it with its equation y = —1—71x + 4.

Y
N 1
P(0,4)
X
—10***Ay: —11 \ 10
‘2 77_7)
Qg =T
-1 [ 11 =—Upiyg
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7. The y-intercept is (0, —7), so b = —7. Further, the slope is 9/5, so m = 9/5.
Substitute these numbers into the slope-intercept form of the line.

y=mx—+b Slope-intercept form.
9
y=go- 7 Substitute: 9/5 for m, —7 for b.

Therefore, the slope-intercept form of the line is y = %:c 1.

Next, set up a coordinate system on a sheet of graph paper. Label
and scale each axis, then plot the y-intercept P(0,—7). Because the slope is
Ay/Ax = 9/5, start at the y-intercept P(0,—7), then move 9 units upward
and 5 units to the right, reaching the point Q(5,2). Draw the line through the
points P and @ and label it with its equation y = %x - T7.

y 9
10 y=zr—17
/
Az =5
Q(5,2)
X
~10 / 10
Ay =9 /
P(0, -7
/S EREN

9. The y-intercept is (0,—1), so b = —1. Further, the slope is 6/7, so m = 6/7.
Substitute these numbers into the slope-intercept form of the line.

y=mx—+b Slope-intercept form.
6
Y=z - 1 Substitute: 6/7 for m, —1 for b.

Therefore, the slope-intercept form of the line is y = gx -1

Next, set up a coordinate system on a sheet of graph paper. Label
and scale each axis, then plot the y-intercept P(0,—1). Because the slope is
Ay/Ax = 6/7, start at the y-intercept P(0,—1), then move 6 units upward
and 7 units to the right, reaching the point Q(7,5). Draw the line through the
points P and @ and label it with its equation y = gx — 1.
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Y
10
Yy = %x -1
Ax =7
Q(7,5)
Ay =16
x
—10 10
(0,1
—-10

11. The y-intercept is (0, —6), so b = —6. Further, the slope is 9/7,som = 9/7.
Substitute these numbers into the slope-intercept form of the line.

y=mx+b Slope-intercept form.
9
y=z2- 6 Substitute: 9/7 for m, —6 for b.

Therefore, the slope-intercept form of the line is y = %x — 6.

Next, set up a coordinate system on a sheet of graph paper. Label
and scale each axis, then plot the y-intercept P(0,—6). Because the slope is
Ay/Ax = 9/7, start at the y-intercept P(0,—6), then move 9 units upward
and 7 units to the right, reaching the point Q(7,3). Draw the line through the
points P and @ and label it with its equation y = %m — 6.

y:%w—G

N
—
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13. First, note that the y-intercept of the line (where it crosses the y-axis)
is the point P(0,0). This means that b = 0 in the slope-intercept formula
y=mx+b.

Next, we need to determine the slope of the line. Try to locate a second
point on the line that passes directly through a lattice point, a point where a
horizontal and vertical gridline intersect. It appears that the point Q(3,—4)
qualifies.

Subtract the coordinates of P(0,0)
from the coordinates of Q(3, —4) to
determine the slope:

_ Ay
x v
6 ‘ 4 (0)
| 3—0
Q(37 _4) — 4

3

—6

Alternate technique for finding the slope: Start at the y-intercept P(0,0),
then move 4 units downward and 3 units to the right, reaching the point

Q(?)v _4)'

Y
6
P(0,0)
T
—6

Ay = —4 }
Q(37 _4)

Ar =3

1

This also indicates that the slope of the line is:

_ Ay
m_Ax
_ 4
3
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Finally, substitute m = —4/3 and b = 0 in the slope-intercept form of
the line:

y=mx+b
4
=—- 0
y=-—ze+(0)
. . . _ 4
Hence, the equation of the line is y = —zx

15. First, note that the y-intercept of the line (where it crosses the y-axis)
is the point P(0,1). This means that b = 1 in the slope-intercept formula
y=mx +b.

Next, we need to determine the slope of the line. Try to locate a second
point on the line that passes directly through a lattice point, a point where a
horizontal and vertical gridline intersect. It appears that the point Q(4, —4)
qualifies.

Y
6
Subtract the coordinates of P(0,1)
from the coordinates of Q(4, —4) to
determine the slope:
P(0,1) Ay
@ T Ax
—6 =41
4-0
Q4,~4) __5
4
—6

Alternate technique for finding the slope: Start at the y-intercept P(0, 1),
then move 5 units downward and 4 units to the right, reaching the point

Q4,—4).
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Yy
6
P(0,1)
T
—6 6
Ay = -5
Q(47_4)
Ax =4
el L

This also indicates that the slope of the line is:

_ Ay
m_Ax
_d
T4

Finally, substitute m = —5/4 and b = 1 in the slope-intercept form of
the line:

y=mx+b
5
=—- 1
Y 4:c +
Hence, the equation of the line is y = —%x + 1.

17. First, note that the y-intercept of the line (where it crosses the y-axis)
is the point P(0,0). This means that b = 0 in the slope-intercept formula
y=mx+b.

Next, we need to determine the slope of the line. Try to locate a second
point on the line that passes directly through a lattice point, a point where a
horizontal and vertical gridline intersect. It appears that the point Q(4, —3)
qualifies.
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Subtract the coordinates of P(0,0)
from the coordinates of Q(4, —3) to
determine the slope:

Ay

x "= A
-6 6 _-3-(0)
-3) 4-0

3

4

—6

Alternate technique for finding the slope: Start at the y-intercept P(0,0),
then move 3 units downward and 4 units to the right, reaching the point

Q(4,-3).

Y
6
P(0,0)
T
—6 6
Ay =-3 \
Q(4> _3)
r=4
—6

This also indicates that the slope of the line is:

_ Ay
" A
=3
T4
Finally, substitute m = —3/4 and b = 0 in the slope-intercept form of
the line:

y=mx—+b
3
=—— 0
y=—72+(0)
Hence, the equation of the line is y = —%x.
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19. First, note that the y-intercept of the line (where it crosses the y-axis)
is the point P(0, —4). This means that b = —4 in the slope-intercept formula
y=mx+b.

Next, we need to determine the slope of the line. Try to locate a second
point on the line that passes directly through a lattice point, a point where
a horizontal and vertical gridline intersect. It appears that the point Q(5,0)
qualifies.

Yy
6
Subtract the coordinates of
P(0,—4) from the coordinates of
Q(5,0) to determine the slope:
—
T - A.L“
—6 Q(5,0) 00— (-4)
 5-0
4
P(07_4) 5
g

Alternate technique for finding the slope: Start at the y-intercept P(0, —4),
then move 4 units upward and 5 units to the right, reaching the point Q(5,0).

Y
6
Ax =5
x
—6 Q(5,0)
Ay =4
P(07_4)
el L

This also indicates that the slope of the line is:

_ Ay
m_Ax
4

5
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Finally, substitute m = 4/5 and b = —4 in the slope-intercept form of
the line:

y=mx—+b
4
y:g$+(—4)

Hence, the equation of the line is y = %x — 4.

21. Set up a coordinate system. Label the horizontal axis with the time ¢ (in
seconds) and the vertical axis with the velocity v (in meters per second). At
time ¢t = 0, the initial velocity is 20 m/s. This gives us the point (0,20). The
velocity is increasing at a rate of 5 m/s each second. Let’s start at the point
(0,20), then move right 10 seconds and upward 50 m/s, arriving at the point
(10,70). Draw the line through these two points. Note that this makes the
slope Av/At = (50m/s)/(10s), or 2 m/s per second.

v (m/s)
100

50

(0, 20)

(1]
%0 10 2 "

Because we know the intercept is (0,20) and the slope is 5, we use the
slope-intercept form to produce the equation of the line.

y=mx—+b Slope-intercept form.
y =bx+ 20 Substitute: 5 for m, 20 for b.

Replace y with v and x with ¢ to produce the following result:
v =5t + 20
To find the velocity at time ¢t = 14 seconds, substitute 14 for ¢ and simplify.

v =>5(14) + 20
v =90

Thus, at t = 14 seconds, the velocity is v = 90 m/s.
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23. Set up a coordinate system. Label the horizontal axis with the time ¢ (in
minutes) and the vertical axis with the volume V' (in gallons). At time ¢ = 0,
the initial volume of water is 100 gallons. This gives us the point (0,100).
The volume of water is increasing at a rate of 25 gal/min. Start at the point
(0,100), then move right 10 minutes and upward 250 gallons, arriving at the
point (10,350). Draw the line through these two points. Note that this makes
the slope AV/At = (250 gal)/(10 min), or 25 gal/min, as required.

v (gal)
1,000
500
A
Ay =250 |
(0, 100)
o L Az=10 t (min)
0 10 20

Because we know the intercept is (0,100) and the slope is 25, we use the
slope-intercept form to produce the equation of the line.

y=mx+b Slope-intercept form.
y = 25x + 100 Substitute: 25 for m, 100 for b.

Replace y with V' and x with ¢ to produce the following result:
V =25t + 100

To find the time it takes the volume of water to reach 400 gallons, substitute
400 for V' and solve for t¢.

400 = 25¢ + 100 Substitute 400 for V.
400 — 100 = 25t 4+ 100 — 100 Subtract 100 from both sides.
300 = 25¢ Simplify.
300 25t . .
95 = o5 Divide both sides by 25.

12=t¢ Simplify.

Thus, it takes 12 minutes for the volume of water to reach 400 gallons.
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3.5 Point-Slope Form of a Line

1. First, plot the point P(—3,4). Then, because the slope is Ay/Az = —5/7,
start at the point P(—3,4), then move 5 units downward and 7 units to the
right, arriving at the point Q(4, —1).

Y

159

P(_374)

Ay=-5 N
l
J6 Q(4v_1)
Ax =17
—6

Next, substitute m = —5/7 and (x0,y0) = (—3,4) in the point-slope
form of the line:

Yy —yo = m(z — o) Point-slope form.
5
y—4= —?(:E —(-3)) Substitute: —5/7 for m, —3 for xq,
and 4 for yo

Hence, the equation of the line is y — 4 = —2(z + 3). Label the line with its
equation.

y
A
197
P(—3,4)
Ay=—5 N
l
Ap=T y—4=—2(z+3)
—6
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3. First, plot the point P(—2,4). Then, because the slope is Ay/Ax = —4/5,
start at the point P(—2,4), then move 4 units downward and 5 units to the
right, arriving at the point Q(3,0).

Y
6 A
Ny
P(_274)
FAy = —4
Q(3,0)]
x
—6 Axr =5 6
N
—6

Next, substitute m = —4/5 and (x0,y0) = (—2,4) in the point-slope
form of the line:

Yy —yo = m(z — o) Point-slope form.
4
y—4= —g(x —(-2)) Substitute: —4/5 for m, —2 for xo,
and 4 for yo

Hence, the equation of the line is y — 4 = —2(z + 2). Label the line with its
equation.

Y
GT
c
P(_274)
FAYy = —4
Q(3,0)]
x
—6 Axr =5 6
Ny—4=—-2(z+2)
—6

5. First, plot the point P(—1,—4). Then, because the slope is Ay/Ax = 5/3,
start at the point P(—1,—4), then move 5 units upward and 3 units to the
right, arriving at the point Q(2,1).
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Y
6
/
Ar =3
Q(Q,l) x
—6 6
Ay=5 /

P(-1,-4)

Tl

Next, substitute m = 5/3 and (zg,y0) = (—1,—4) in the point-slope
form of the line:

Yy —yo = m(z — xo) Point-slope form.
5
y—(—4) = g(x —(-1)) Substitute: 5/3 for m, —1 for zo,
and —4 for yg

Hence, the equation of the line is y + 4 = g(x + 1). Label the line with its
equation.

Yy

6 y+4=35(@+1)
/

Axr =3
Q2,11 s &

-6
Ay =5 /
P(—1,—-4)
Jedl L1

7. Plot the points P(—4,0) and Q(4, 3) and draw a line through them.
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Y
6
Subtract the coordinates of poing
— P(—4,0) from the point Q(4,3).
1 1 Q(4,3) A
— -2y
> 1 m=
x
—677 | P(—4,0) _ 43 —((Oi)
_3
-8
—6

Next, substitute m = 3/8, then substitute either point P(—4,0) or point
Q(4,3) for (x0,yo) in the point-slope form of the line. We’ll substitute P(—4,0)

for (xo,0).

Yy —yo = m(z — ) Point-slope form.
3
y—(0)= g(:c —(—4)) Substitute: 3/8 for m, —4 for xg,
and 0 for yo

Hence, the equation of the line is y = %(m—i—ll). Label the line with its equation.

y

6
iy =g(@+4)
~— 1 Q(4,3)
-

el x
6 P(—4,0)
—6

Alternately, if you substitute the point Q(4,3) for (zg,yo) in the point-slope
form y — yo = m(z — x0), you get an equivalent equation y — 3 = %(m —4).

9. Plot the points P(—3,—3) and Q(2,0) and draw a line through them.
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Y
6
Subtract the coordinates of poing
P(—3,-3) from the point Q(2,0).
Ay
| = =7
T Ar
x
6 Q(2,0) 6 _0-(=3)
yd 2—(=3)
3
P(737 73) N g
i |
—6

Next, substitute m = 3/5, then substitute either point P(—3,—3) or
point Q(2,0) for (zg,yo) in the point-slope form of the line. We’ll substitute
P(—3,-3) for (zo,yo0)-

Yy —yo = m(z — xo) Point-slope form.
y—(-3)= g(x —(-3)) Substitute: 3/5 for m, —3 for xq,
and —3 for yo

Hence, the equation of the line is y + 3 = £(z + 3). Label the line with its
equation.

Y
6
y+3=2(xz+3)
e
T
-6 Q(2,0)| 6
e
P(-3,-3)
T
6

Alternately, if you substitute the point Q(2,0) for (zg,yo) in the point-slope
form y — yo = m(xz — x0), you get an equivalent equation y = %(m -2).

11. Plot the points P(—3,1) and Q(4,—4) and draw a line through them.
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Y
6
Subtract the coordinates of poing
P(=3,1) from the point Q(4, —4).
P(=3,1) —
Az
x —4 —
s _ 4-1
N 4—-(-3)
4,-4 _ 5
Q( s ) - 7
—6
Next, substitute m = —5/7, then substitute either point P(—3,1) or

point Q(4, —4) for (xg,yo) in the point-slope form of the line. We’ll substitute
P(-3,1) for (x0,y0).

y—yo =m(z —x0) Point-slope form.
5
y—1= —;(l‘ —(-3)) Substitute: —5/7 for m, —3 for xg,
and 1 for yo

Hence, the equation of the line is y — 1 = —%(a: + 3). Label the line with its
equation.

Yy
6
N P(-3,1)
N
—6 v
N
Q(47_4)
6 y—1=-2(z+3)

Alternately, if you substitute the point Q(4,—4) for (zo,yo) in the point-slope
form y — yo = m(x — x0), you get an equivalent equation y + 4 = —%(w —4).

13. Start by plotting the line y = —%x + 1. Comparing this equation with the
slope-intercept form y = ma + b, we note that m = —5/4 and b = 1. Thus,
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the slope is —5/4 and the y-intercept is (0,1). First plot the y-intercept (0, 1).
Because the slope is Ay/Axz = —5/4, start at the y-intercept, then move —5
units downward and 4 units to the right, arriving at the point (4, —4). Draw
the line y = —%m + 1 through these two points.

Next, plot the point P(—3,2). Because the line through P must be
parallel to the first line, it must have the same slope —5/4. Start at the point
P(-3,2), then move —5 units downward and 4 units to the right, arriving at
the point Q(1,—3). Draw the line through these two points.

y=—-3v+1 Y y=-3r+1 Y
6 6
P(-3,2)
(0,1)
-6 :c AQ:—S
Ay = -5
Q]-v*:’)

(47_4) r=4

Ax =4
Tl T 6

To find the equation of the second line, we’ll substitute the point (xg,y0) =
(—3,2) and slope m = —5/4 into the point-slope form of the line.

Yy —yo = m(z — ) Point-slope form.
y—2= —Z(x —(-3)) Substitute: —5/4 for m, —3 for xg,
and 2 for yp.

Hence, the equation of the line is y — 2 = —%(a: + 3). Label the line with its
equation.
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yz—%x—i—l Y
6
P(_372)
T
—6 6
—6
y—2=-5(z+3)

15. Start by plotting the line y = %x Comparing this equation with the
slope-intercept form y = mx + b, we note that m = 3/5 and b = 0. Thus,
the slope is 3/5 and the y-intercept is (0,0). First plot the y-intercept (0, 0).
Because the slope is Ay/Ax = 3/5, start at the y-intercept, then move 3 units
upward and 5 units to the right, arriving at the point (5,3). Draw the line
y= %x through these two points.

Next, plot the point P(—4,0). Because the line through P must be
parallel to the first line, it must have the same slope 3/5. Start at the point
P(—4,0), then move 3 units upward and 5 units to the right, arriving at the
point (1, 3). Draw the line through these two points.

Y Y
6 6
7
Azx =5 Ar =5
(5,3) Q(1,3)
Ay =3 P Ay =3 ] e
. |
-6 (0,0) - P(—4,0)
e s e
y=1te y=te
[ ] 16 HEEEA

To find the equation of the second line, we’ll substitute the point (xg,yo) =
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(—4,0) and slope m = 3/5 into the point-slope form of the line.

y—yo = m(z — 20) Point-slope form.
3
y—0= g(l“ —(—4)) Substitute: 3/5 for m, —4 for zo,

and 0 for yp.

Hence, the equation of the line is y = %(1‘4—4). Label the line with its equation.

; Y Yy = %(x +4)
A
L~ e
57 P(—14,0) ’
e
409
[ | P

17. Start by plotting the line y = %x + 1. Comparing this equation with the
slope-intercept form y = max + b, we note that m = 3/4 and b = 1. Thus,
the slope is 3/4 and the y-intercept is (0,1). First plot the y-intercept (0,1).
Because the slope is Ay/Ax = 3/4, start at the y-intercept, then move 3 units
upward and 4 units to the right, arriving at the point (4,4). Draw the line
y= %x + 1 through these two points.

Next, plot the point P(—3,0). Because the line through P must be
parallel to the first line, it must have the same slope 3/4. Start at the point
P(-3,0), then move 3 units upward and 4 units to the right, arriving at the
point Q(1,3). Draw the line through these two points.
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y y
6 B 6
J&w:él A -
R (4,4 Ax =14 (/
y=3 1,3
EEl o(i.3)
(0,1) l
6 .- 6 P(-3,0) .-
~ ~
HEER HEER

To find the equation of the second line, we’ll substitute the point (xq,y0) =
(=3,0) and slope m = 3/4 into the point-slope form of the line.

Point-slope form.
Substitute: 3/4 for m, —3 for zo,

and 0 for yo.

Hence, the equation of the line is y = %(m—{—?)). Label the line with its equation.

Y y=3(x+3)
6
x
6 P(=3,0)
7y\:%w\+:\l
T

19. Start by plotting the line passing through the points P(—2,0) and Q(2, —3)

and then calculating its slope.
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178
Y
6
P(-2,0)
—6

INTRODUCTION TO GRAPHING

Subtract coordinates of point
P(—2,0) from the coordinates of
the point Q(2,—3).

Ay

"= Az
-3—(0)
2-(-2)

3

T4

Thus, the slope of the line through points P and @ is —3/4. The slope of any
line perpendicular to this line is the negative reciprocal of this number, that is

4/3.

units, arriving at the point X (2,4).

The next step is to plot the point R(—1,0). To draw a line through R
with slope 4/3, start at the point R, then move upward 4 units and right 3

Yy
64
Arx =3
X(2,4)
Ay =14
R(—1,0
R(-1,0)

To find the equation of the perpen-
dicular line, substitute 4/3 for m
and (—1,0) for (zo,yo) in the point-
slope form.

Hence, the equation line through the point R perpendicular to the line through
points P and Q is y = 3(x + 1). Label the line with its equation.
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Y y:%(m—&-l)
6
x
—6 R(—1,0 6
R(-1,0)
—6

21. Start by plotting the line passing through the points P(—2, —4) and Q(1,4)
and then calculating its slope.

Y
64
Q‘(l 14) / Subtract coordinates of point
’ P(—2,—4) from the coordinates of
/ the point Q(1,4).
Ay
/ . "= A
6 / 6 4 (-4
S 1-(-2)
/ s
P(=2,~4) s
AN

Thus, the slope of the line through points P and @ is 8/3. The slope of any
line perpendicular to this line is the negative reciprocal of this number, that is

—3/8.

The next step is to plot the point R(—4,—1). To draw a line through R
with slope —3/8, start at the point R, then move downward 3 units and right
8 units, arriving at the point X (4, —4).

Second Edition: 2012-2013



180 CHAPTER 3. INTRODUCTION TO GRAPHING

Y
11/
To find the equation of the per-
pendicular line, substitute —3/8 for
/ m and (—4,—1) for (zo,yo) in the
/ point-slope form.
R(—4,-1) z
—63 f 6 Y —yo = m(x — xo)
e R
Yy=- (=1 = —-Z (g — (=
S A e e N ).
Ax =38 ™~
[ 16l

Hence, the equation line through the point R perpendicular to the line through
points P and Q isy+ 1= —%(m +4). Label the line with its equation.

y
11/
/
-6 R(_4’71/) 6 ;
~./
/T
T~
~~
VAR y+1=—3(x+4)

23. Start by plotting the line passing through the points P(—2,3) and Q(1, —1)
and then calculating its slope.
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Y
6
Subtract coordinates of point
P(=2,3) P(—2,?>) from the coordinates of
the point Q(1,—1).
—
€T o Al‘
—6 . —1-3
Q(1,-1) S 1—(-2)
_ 4
3
—6

Thus, the slope of the line through points P and @ is —4/3. The slope of any
line perpendicular to this line is the negative reciprocal of this number, that is
3/4.

The next step is to plot the point R(—3,—4). To draw a line through
R with slope 3/4, start at the point R, then move upward 3 units and right 4
units, arriving at the point X (1, —1).

Y
6
To find the equation of the per-
pendicular line, substitute 3/4 for
m and (—3,—4) for (zg,yo) in the
point-slope form.
Az =4 z
-6 - >( Y —yo = m(z — o)
| X(1,-1) | 5
Ay=3 y—(~4) = 3 - (-3)
R(_"?’a _4)
L

Hence, the equation line through the point R perpendicular to the line through
points P and Q is y + 4 = 3(z 4 3). Label the line with its equation.
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alw

y+4=2(x+3)

25. Set up a coordinate system, placing the time ¢ on the horizontal axis and
velocity v on the vertical axis. Label and scale each axis, including units in
your labels. Plot the points (3,50) and (14,30) and draw a line through the

points.

v (ft/s)

100

80

60

40 E—

— (14, 30)

— 143

20

Compute the slope.

30 — 50
14-3
20
T

Slope =

Second Edition: 2012-2013
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12 14 16 18 20

Substitute —20/11 for m and
(3,50) for (zg,yo) in the
point-slope form.

y—yozm(l‘—xo)

20
y—50——ﬁ(x—3)
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Replace z with ¢ and y with v.

20
v—>50= _ﬁ(t -3) Point-slope form.
Solve for v.
20 60 o
v—>50= —Ht + 11 Distribute —20/11.
20 60 .
v —50+ 50 = _Ht + 1 + 50 Add 50 to both sides.
2
v = ——Ot + g + 550 On the left, simplify. On the right
11 11 1 make equivalent fractions, with a
common denominator.
20 610 S
v = _Ht + T Simplify.

If the time is 6 seconds, then:

20 610
EETAAET

v = 44.5454545454545

v =

A calculator was used to approximate the last computation. Rounded to the
nearest second, the velocity of the object is v = 44.5 seconds.

3.6 Standard Form of a Line

1. First, solve the equation 4z — 3y = 9 for y:

dr —3y =9 Standard form of line.
dor — 3y — 4o =9 — 4z Subtract 4z from both sides.
—3Jy=—-4x+9 Simplify.
— —4
—3;/ - x73—|—9 Divide both sides by —3.
4
Yy = gx -3 Distribute —3 and simplify.

Therefore, the slope of the line is 4/3 and the y-intercept is (0, —3). To sketch
the graph of the line, first plot the y-intercept, then move upward 4 units and
right 3 units, arriving at the point (3,1). Draw the line through (0, —3) and
(3,1) and label it with its equation in slope-intercept form.
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Y
6 y = %m -3
Ar =3
(37 1)—0—) X
—6 Ay =4 6
(07 _3)
—6
3. First, solve the equation 3z — 2y = 6 for y:
3r—2y =26 Standard form of line.
3xr—2y—3xr=6—3x Subtract 3z from both sides.
—2y=-3x+6 Simplify.
-2 -3z +6
__2y = % Divide both sides by —2.
Yy = gx -3 Distribute —2 and simplify.

Therefore, the slope of the line is 3/2 and the y-intercept is (0, —3). To sketch
the graph of the line, first plot the y-intercept, then move upward 3 units and
right 2 units, arriving at the point (2,0). Draw the line through (0, —3) and
(2,0) and label it with its equation in slope-intercept form.

Y Yy = %m -3

6
Ax =2
(.00 | 6
-6 L0)
Ay =3
(07_3)

—6
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5. First, solve the equation 2z + 3y = 12 for y:

2z 4+ 3y =12 Standard form of line.
20 +3y —2x=12- 2z Subtract 2z from both sides.
3y =—2x+ 12 Simplify.
3 —2x 412
?y = % Divide both sides by 3.
2
y= —gfc +4 Distribute 3 and simplify.

Therefore, the slope of the line is —2/3 and the y-intercept is (0,4). To sketch
the graph of the line, first plot the y-intercept, then move downward 2 units
and right 3 units, arriving at the point (3,2). Draw the line through (0,4) and
(3,2) and label it with its equation in slope-intercept form.

Y
T 17
(0,4)
Ay = -2 (3,2)
Axr =3
xT
-6 y:7%m+4
—6

7. First, note that the y-intercept of the line (where it crosses the y-axis) is the
point P(0,0). This means that b = 0 in the slope-intercept formula y = ma +b.

Next, we need to determine the slope of the line. Try to locate a second
point on the line that passes directly through a lattice point, a point where a
horizontal and vertical gridline intersect. It appears that the point Q(5, —4)
qualifies.
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Subtract the coordinates of P(0,0)
from the coordinates of Q(5, —4) to
determine the slope:

Ay
e "= Ar
- _ -
 5-0
4

5

6 L[

Finally, substitute m = —4/5 and b = 0 in the slope-intercept form of
the line:

y=mx+b
4
=—— 0
y=—zz+(0)
Hence, the equation of the line in slope-intercept form is y = —%x.

Standard form Az + By = C does not allow fractional coefficients. Thus,
to put this equation into standard form, we must first clear the fractions from
the equation by multiplying both sides of the equation by the least common
denominator.

4
Yy = —gx Slope-intercept form.
4
by = (—gl‘) 5 Multiply both sides by 5.
5y = —4x Distribute 5 and simplify.
5y + dx = —4x + 4z Add 4z from both sides.
dr+5y =0 Simplify.

Thus, the standard form of the line is 4x + 5y = 0.

9. First, note that the y-intercept of the line (where it crosses the y-axis) is
the point P(0,—3). This means that b = —3 in the slope-intercept formula
y=mx +b.

Next, we need to determine the slope of the line. Try to locate a second
point on the line that passes directly through a lattice point, a point where a
horizontal and vertical gridline intersect. It appears that the point Q(5,—1)
qualifies.
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Y
6
Subtract the coordinates of
P(0,—-3) from the coordinates of
Q(5,—1) to determine the slope:
Ay
m=—
5, —1 x Ax
i Q5. -1) 9
— = = 45
> , 5-0
— P((O7 73) =%
T 5
—6

Finally, substitute m = 2/5 and b = —3 in the slope-intercept form of
the line:

y=mx+b
)
Z/*5x

Hence, the equation of the line in slope-intercept form is y = %x - 3.

Standard form Ax+ By = C does not allow fractional coefficients. Thus,
to put this equation into standard form, we must first clear the fractions from
the equation by multiplying both sides of the equation by the least common
denominator.

2
Yy = gx -3 Slope-intercept form.
2
by = <3x — 3) 5 Multiply both sides by 5.
5y =2x —15 Distribute 5 and simplify.
5y —2x =2x — 15 — 2x Subtract 2z from both sides.
—2x 45y =—15 Simplify.

Standard form Ax + By = C requires that A > 0, so we multiply both sides
by —1 to finish.

—1(—2z + 5y) = (—15)(—1) Multiply both sides by —1.
20 — by =15 Distribute —1.

Thus, the standard form of the line is 22 — 5y = 15.

11. First, plot the points P(—1,4) and Q(2, —4) and draw a line through them.
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NG

Tl L1\

Next, determine the slope then use the point-slope form to determine the
equation of the line.

Subtract the coordinates of the Substitute —8/3 for m and (—1,4)
point P(—1,4) from the coordi- for (z9,yo) in the point-slope form.
nates of the point Q(2, —4).

Y —yo = m(z — xo)

Az y—4:—§(x—(—1))
_ —4-4 8
2—(-1) y—d=—3(+1)
__8
T3

Next, we need to put y —4 = —%(x + 1) into standard form. Standard
form does not allow fractions as coefficients, so the first step is to clear fractions
from the equation.

y—4= —g(x +1) Point-slope form.
y—4= —§:c— 8 Distribute —§.
3 3 3

Clear fractions by multiplying both sides by the least common denominator.

8 8
3(y—4) = (——x — —) 3 Multiply both sides by 3.

3 3
3y—12= -8z -8 Distribute and simplify.
3y —12+8xr = —-8r—8+ 8« Add 8z to both sides.
8x +3y—12= -8 Simplify.
8r 43y —12+12 = -8+ 12 Add 12 to both sides.
8r+3y=4
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Label the graph of the line with its equation in standard form.
Y

N

P(—1,4)

\

8xr+3y =4

13. First, plot the points P(—1, —1) and Q(3,4) and draw a line through them.

Y
6T T
Q(3,4)
X
—6
P(—1,-1)
-6

Next, determine the slope then use the point-slope form to determine the
equation of the line.

Subtract the coordinates of the Substitute 5/4 for m and (—1,—1)
point P(—1,—1) from the coordi- for (zg,yo) in the point-slope form.
nates of the point Q(3,4).

Y —yo =m(z — zo)
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Next, we need to put y +1 = %(x + 1) into standard form. Standard
form does not allow fractions as coefficients, so the first step is to clear fractions
from the equation.

5
y+1= Z(x +1) Point-slope form.

5 5 5
y+1= i + 1 Distribute 1
Clear fractions by multiplying both sides by the least common denominator.

b) )
d(y+1) = (—x + —) 4 Multiply both sides by 4.

4 4
dy+4=>5x+5 Distribute and simplify.
dy+4—5r=5x+5—bx Subtract 5x to both sides.
—br+4y+4=5 Simplify.
—bSr+4y+4—-4=5-4 Subtract 4 from both sides.
—Sr+4y=1 Simplify.

Standard form Ax + By = C requires that A > 0. Thus, we need to multiply
both sides by —1 so that the coefficient of = is greater than or equal to zero.

—1(=b5z + 4y) = (1)(—1) Multiply both sides by —1.
S5z — 4y = —1 Simplify.

Label the graph of the line with its equation in standard form.

y S5r —4y = —1
6
]
Q(3,4)
x
—6 6
P(-1,-1)
—6

15. First, plot the points P(—3,1) and Q(2, —3) and draw a line through them.
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/|~

Q (2a 73)

—6

Next, determine the slope then use the point-slope form to determine the
equation of the line.

Subtract the coordinates of the Substitute —4/5 for m and (—3,1)
point P(—3,1) from the coordi- for (zg,yo) in the point-slope form.

nates of the point Q(2, —3).
Y —yo = m(z — x0)

Ax y—lz—g(x—(—i’»))
_ =31 4
_2—(—3) y_lz—g(x-i—?))
__ 4
5

Next, we need to put y — 1 = —%(x + 3) into standard form. Standard
form does not allow fractions as coefficients, so the first step is to clear fractions
from the equation.

4
y—1= —g(x +3) Point-slope form.
4 12 4
y—1=—-—-x— — Distribute ——.
5 5 5

Clear fractions by multiplying both sides by the least common denominator.

5(y—1)= (—%x — 15—2> 5 Multiply both sides by 5.
5y — 5 =—4xr — 12 Distribute and simplify.
5y —b+4r =—4x — 12+ 4x Add 4x to both sides.
dr + 5y —5=—-12 Simplify.
dr+5y—5+5=—-12+5 Add 5 to both sides.
4o 4+ by = -7
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Label the graph of the line with its equation in standard form.

17. First, find the z-and y-intercepts.

To find the z-intercept, let y = 0.

2x — by =10
2z —5(0) =10
2x =
2x
5 =
T =05

The z-intercept is (5,0).

dx + by = —7

To find the y-intercept, let x = 0.

2x — by =10
2(0) — by =10
-5y =10
=5y 10
—5 -5
y=-—2

The y-intercept is (0, —2).

Plot the z- and y-intercepts, label them with their coordinates, then draw the
line through them and label the line with its equation.

2¢ — 5y =10

xT

—(5,0)
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19. First, find the z-and y-intercepts.

To find the z-intercept, let y = 0. To find the y-intercept, let = 0.

3r—2y=26 3r—2y =26
3z —2(0) = 6 3(0) — 2y = 6
3z =6 —2y=6
B 26
3 3 -2 —2
T=2 y=-3
The z-intercept is (2,0). The y-intercept is (0, —3).

Plot the z- and y-intercepts, label them with their coordinates, then draw the
line through them and label the line with its equation.

Y 3¢ -2y =6

6

21. First, find the z-and y-intercepts.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.

204+3y=6 20 +3y=6

22 +3(0) = 6 2(0) + 3y = 6

20 =6 3y==6

2 6 3y 6

2 2 33

=3 y=2

The z-intercept is (3,0). The y-intercept is (0, 2).

Plot the z- and y-intercepts, label them with their coordinates, then draw the
line through them and label the line with its equation.
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20+ 3y =6

23. A sketch will help maintain our focus. First, determine the z- and y-
intercepts of 4x + 5y = —20.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.

4x + 5y = —20 4o + by = —20
4z +5(0) = —20 4(0) + 5y = —20
Az = —20 5y = —20
dr —20 5y —20
I 5 5
r=-5 y=—4
The z-intercept is (=5, 0). The y-intercept is (0, —4).

Plot the z- and y-intercepts, label them with their coordinates, then draw the
line through them and label the line with its equation.

Yy
6
Use the intercepts (—5,0) and
(0, —4) to determine the slope. Pick
a direction to subtract and stay
consistent.
77(_570) x _ Ay
m= —2
-6 Az
0 (1)
 =5-0
0,—4
(0,—4) o
5
—6
4x 4+ 5y = —20
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Because the line 4z + 5y = —20 has slope —4/5, the slope of any parallel line
will be the same, namely —4/5. So, to plot the parallel line, plot the point
P(—1,5), then move downwards 4 units and right 5 units, arriving at the point
Q(4,1). Draw a line through points P and Q.

Y
(PA(fL 5)
To find the equation of the parallel
line, use the point-slope form and
Ay =4 substitute —4/5 for m and (—1,5)
Q(4v 1) for (x07 yO)
Ax =5
6 \t z Y —yo = m(z — o)
4
y—5=—3—(-1)
4
y—>5=—=(z+1)
—6
4x + by = —20
We must now put our final answer in standard form.
4 . .
y—>5= —g(x +1) Point-slope form.
4 4
y—>5= —ET g Distribute —4/5.

Standard form does not allow fractional coefficients. Clear the fractions by
multiplying both sides by the common denominator.

4 4
5(y—5) = (—51‘ - 5) 5 Multiply both sides by 5.

Sy —25=—4x —4 Simplify.

We need to put our result in the standard form Ax + By = C.

S5y —25+4x = —4r — 4+ 4x Add 4x to both sides.
dr 4+ 5y — 25 =—4 Simplify.
dr+ 5y —25+25=—-4425 Add 25 to both sides.
dx + 5y = 21 Simplify.

Label the lines with their equations.
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dz + 5y = 21 Y
(P(~1,5)
X
6 R
—6
4x + by = —20

25. A sketch will help maintain our focus. First, determine the x- and y-
intercepts of 5z + 2y = 10.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.

5z 4+ 2y =10 5z + 2y =10
5z 4+ 2(0) = 10 5(0) +2y =10
5z =10 2y =10
5z 10 2y 10
5 5 22

T =2 Yy=>5

The z-intercept is (2,0). The y-intercept is (0, 5).

Plot the z- and y-intercepts, label them with their coordinates, then draw the
line through them and label the line with its equation.

Yy
6Ak(07 ‘5) 1
Use the intercepts (2,0) and (0,5)
to determine the slope. Pick a di-
\ rection to subtract and stay consis-
tent.
\
T m = —
-6 Az
\ 0-5
S 2-0
\ R
2
—6
5 + 2y =10
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Because the line 5z 4+ 2y = 10 has slope —5/2, the slope of any perpendicular
line will be its negative reciprocal, namely 2/5. So, to plot the perpendicular
line, plot the point P(—1,—2), then move upwards 2 units and right 5 units,
arriving at the point Q(4,0). Draw a line through points P and Q.

Y
6
To find the equation of the per-
\ pendicular line, use the point-slope
form and substitute 2/5 for m and
\ (=1, -2) for (zo,yo)
P (¢~ o)
r Y — Yo =m(r — o
-6 _ 4,0
i B i\ (-2) = 3z = (-1)
y—(-2)=(z— (-
7 P(—1, -2)\ 5
L \ 2
y+2=—(x+1)
—6
S5z 4+ 2y = 10
We must now put our final answer in standard form.
2
y+2= R (x+1) Point-slope form.
2 2 -
y+2= % + R Distribute 2/5.

Standard form does not allow fractional coefficients. Clear the fractions by
multiplying both sides by the common denominator.

2 2
5(y+2) = <g:c + 5) 5 Multiply both sides by 5.
5y +10 =2x + 2 Simplify.

We need to put our result in the standard form Ax + By = C.

5y +10 —2x =2x +2 — 2z Subtract 2x from both sides.

—2rx+5y+10=2 Simplify.
—2r4+5y+10-10=2-10 Subtract 10 from both sides.
—2x 4+ 5y = -8 Simplify.

Standard form Az + By = C requires that A > 0.

—1(—2z + 5y) = (-8)(-1) Multiply both sides by —1.
2x — by =8 Distribute —1 and simplify.

Label the lines with their equations.
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Y
6
\
\
=
X
—6
=
" P(—1, -2)\
- \
—6
5 + 2y = 10

27. A sketch will help maintain our focus. First, determine the x- and y-
intercepts of 4z + 3y = —12.

To find the z-intercept, let y = 0.

4z 4 3(0) = —12

dx + 3y = —12
4 = —12
dr  —12
4 4
r=-3

The z-intercept is (—3,0).

To find the y-intercept, let x = 0.

dor 4+ 3y = —12

4(0) + 3y = —12

3y =—12

Jy —12

33
y=—4

The y-intercept is (0, —4).

Plot the z- and y-intercepts, label them with their coordinates, then draw the
line through them and label the line with its equation.

Y

6

(07 _4)

4z + 3y = —12

Second Edition: 2012-2013

Use the intercepts (—3,0) and
(0, —4) to determine the slope. Pick
a direction to subtract and stay
consistent.

_ Ay
"= Ar
_0-(=9
S -3-0
4
-3
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Because the line 4z + 3y = —12 has slope —4/3, the slope of any perpendicular
line will be its negative reciprocal, namely 3/4. So, to plot the perpendicular
line, plot the point P(—4,—5), then move upwards 3 units and right 4 units,
arriving at the point Q(0,—2). Draw a line through points P and Q.

Y
6
To find the equation of the per-
pendicular line, use the point-slope
form and substitute 3/4 for m and
(—4,-5) for (zo,yo)
s * Y —yo = m(z — o)
Az =4 3
y—(=5)=—-(z— (-4
. el (~5) §< (~4)
=3
Y y+5="(z+4)
P(747 7v5)
4z + 3y = —12
We must now put our final answer in standard form.
3
y—+5= Z(x +4) Point-slope form.
3
y+5= i +3 Distribute 3/4.

Standard form does not allow fractional coefficients. Clear the fractions by
multiplying both sides by the common denominator.

4(y+5) = (Zm + 3> 4 Multiply both sides by 4.
4y 4+ 20 = 3z + 12 Simplify.
We need to put our result in the standard form Ax + By = C.

dy+20—-3x =3z +12 -3z Subtract 3z from both sides.

—3x 44y +20 =12 Simplify.
—3xr+4y+20—20=12-20 Subtract 20 from both sides.
—3xr+4y = -8 Simplify.

Standard form Az + By = C requires that A > 0.

—1(—3x + 4y) = (=8)(-1) Multiply both sides by —1.
3r —4y =8 Distribute —1 and simplify.

Label the lines with their equations.
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P(—4,—5)

3xr —4y =8

dox + 3y = —12

29. A sketch will help maintain our focus. First, determine the x- and y-

intercepts of 5x + 4y = 20.

To find the z-intercept, let y = 0.

S5r + 4y = 20
5z +4(0) = 20
5z = 20

S5x 20

5 5
r=4

The z-intercept is (4,0).

To find the y-intercept, let x = 0.

5x + 4y = 20
5(0) + 4y =20
4y =20

4y 20
P
Yy=2

The y-intercept is (0, 5).

Plot the z- and y-intercepts, label them with their coordinates, then draw the
line through them and label the line with its equation.

Y

J (0,5)

—6
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Use the intercepts (4,0) and (0,5)
to determine the slope. Pick a di-
rection to subtract and stay consis-
tent.
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Because the line 5z 4+ 4y = 20 has slope —5/4, the slope of any parallel line
will be the same, namely —5/4. So, to plot the parallel line, plot the point
P(-3,2), then move downwards 5 units and right 4 units, arriving at the point
Q(1,-3). Draw a line through points P and Q.

Y
To find the equation of the parallel
line, use the point-slope form and
P(-3,2) substitute —5/4 for m and (—3,2)
for (x0,y0)
A= @ y—yo:méx—xo)
—2=——(z—(-3
ey y—2=-3(~(-3)
= 5
0 b5z +4y = 20 y—ZZ—Z(l‘—i—S)
—6

We must now put our final answer in standard form.

5
y—2= —Z(x +3) Point-slope form.
1
y—2= —g - 15 Distribute —5/4.

Standard form does not allow fractional coefficients. Clear the fractions by
multiplying both sides by the common denominator.

1
4(y —2) = (—gfc - Z5> 4 Multiply both sides by 4.
4y -8 =—-bx—15 Simplify.

We need to put our result in the standard form Ax + By = C.

4y — 8+ bx = —bx — 15+ bz Add 5z to both sides.
5z +4y —8=-15 Simplify.
5r+4y—8+4+8=—-15+38 Add 8 to both sides.
S5t 44y = =7 Simplify.

Label the lines with their equations.
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Sr+ 4y = -7

31. Plot the point P(—5,—4) and draw a horizontal line through the point.

<
I
\
~

Because every point on the line has a y-value equal to —4, the equation of the
line is y = —4.

33. Plot the point P(—2,—4) and draw a vertical line through the point.
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(_27 _4)

Because every point on the line has a x-value equal to —2, the equation of the
line is z = —2.
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Chapter 4

Systems

4.1 Solving Systems by Graphing

1. First, determine the x- and y-intercepts of 3x — 4y = 24.

To find the z-intercept, let y = 0.

3z — 4y =24
3z — 4(0) = 24

To find the y-intercept, let x = 0.

3r—4y=24
3(0) —4y =24
—4dy =24
y=—6

Plot and label the intercepts, then draw the line 3z — 4y = 24 through them
and label it with its equation. Next, the line y = —%x — 1 has slope —1/2 and
y-intercept (0, —1). Plot and label (0, —1), then move 2 units to the right and
1 unit down. Label the resulting line with its equation.

Yy

Yy
-2 ‘ 3 —4y =24 9
(8,0)
T T

-2 10 —2 N P =2 10

f

(07 71) Ay =-1
(07 _6)

Yy = —%7 —1

~—10 ~—10

205
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Next, place both lines on the same coordinate system, label each line with its
equation, then label the point of intersection with its coordinates.

Yy
J— 3 —4y =24
T
-9 10
4,-3)
Yy = —%.’L‘ -1
~—10

Substitute the point (x,y) = (4, —3) in both equations to see if it checks.

3z — 4y =24 y:—%x—l
3(4) — 4(—3) = 24 N
24 =24 —3=-54) -1
—3=-3

Hence, the solution (x,y) = (4, —3) checks.

3. First, determine the z- and y-intercepts of 2z 4+ y = 6.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.

20 +y =26 20 4+y=26

2z 4+ (0) =6 200)+y=6
20 =6 y=206
T=3

Plot and label the intercepts, then draw the line 2z + y = 6 through them
and label it with its equation. Next, the line y = x 4+ 3 has slope 1 and y-
intercept (0, 3). Plot and label (0, 3), then move 1 unit to the right and 1 unit
up. Label the resulting line with its equation.
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y
10 ' y=c+3
T —10
(0,6)
Ap=1
(3,0)
x
_E 1‘0 -2 10
Ly L_Q
20 +y =6

Next, place both lines on the same coordinate system, label each line with its
equation, then label the point of intersection with its coordinates.

Y

y=x+3
\ "
(1,4)
T
-2 10
L
20 +y =6

Substitute the point (x,y) = (1,4) in both equations to see if it checks.

2 +y=26 y=x+3
2(1)+(4)=6 4=(1)+3
6=06 4=4

Hence, the solution (z,y) = (1,4) checks.
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5. First, determine the z- and y-intercepts of x + 2y = —6.

To find the z-intercept, let y = 0.

T+ 2y=—6
x+2(0) = —6
T=—6

To find the y-intercept, let = 0.

x4+ 2y =—6
(0)+2y =—6
2y =—6
y=-3

Plot and label the intercepts, then draw the line x + 2y = —6 through them
and label it with its equation. Next, the line y = —3z — 8 has slope —3 and
y-intercept (0, —8). Plot and label (0,—8), then move 1 unit to the left and 3
units up. Label the resulting line with its equation.

v y=—3x—8 4
‘ ‘ 2 2
(_67 0)
~10 R \
(0.-3) \
z+2y=-6
Ay =3 \
(0,-8)

Az =—1
—10 _‘10 I\

Next, place both lines on the same coordinate system, label each line with its
equation, then label the point of intersection with its coordinates.

y=—-3r—8

Y

2

—~

T+ 2y =—6

—10

Second Edition: 2012-2013



4.1. SOLVING SYSTEMS BY GRAPHING 209

Substitute the point (x,y) = (—2, —2) in both equations to see if it checks.

T +2y=—6 y=-—-3r—8
(~2)+2(~2) = —6 o— _3(—2) 3
—6=-6 —2=-2

Hence, the solution (x,y) = (-2, —2) checks.

7. First, determine the z- and y-intercepts of —z — 3y = 3.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.
—r—3y=3 —r—-3y=3
—x—3(0)=3 —(0)—3y=3
—xr =3 —3y=3
r=-3 y=-—1

Plot and label the intercepts, then draw the line —x — 3y = 3 through them
and label it with its equation.

Y
5
~ (_370)
-5 I~ (O’_l) F v
I~
I~
==
s [ ]

Secondly, determine the z- and y-intercepts of x — 4y = —4.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.
r—4y=—4 r—4y=—4
x—4(0)=—4 (0) —4dy=—4
y=1
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Plot and label the intercepts, then draw the line x — 4y = —4 through them
and label it with its equation.

Y
5
v — 4y =—4
(07 1) //
(_4710) //
X
-5 =
-5

Finally, plot both lines on the same coordinate system, label each with its
equation, then label the point of intersection with its approximate coordinates.

Yy
5
r— 4y = —4
//
(34,01 .
-5 T 5
I~
I~
s
s [ ]

Hence, the solution is approximately (z,y) ~ (—3.4,0.1).

Check: Remember, our estimate is an approximation so we don’t expect
the solution to check exactly (though sometimes it might). Substitute the
approximation (z,y) ~ (—3.4,0.1) in both equations to see how close it checks.
We use a calculator to perform the arithmetic.

-z —3y=3 x—4y=—4
—(—3.4)-3(0.1) =3 (—3.4) —4(0.1) = —4
3.1~3 —38~—4

That’s fairly close, suggesting the approximation (z,y) ~ (—3.4,0.1) is fairly
close to the proper solution.
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9. First, determine the z- and y-intercepts of —3x + 3y = —9.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.
—3x+3y=-9 —3r+3y=-9
-3z +3(0) = -9 —3(0) 4+ 3y = -9
—3x=-9 Jy=-9
=3 y=-3

Plot and label the intercepts, then draw the line —3x + 3y = —9 through
them and label it with its equation.

—3x+ 3y =-9

Secondly, determine the z- and y-intercepts of —3z + 3y = —12.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.
-3z + 3y = —12 -3z 4 3y = —12
—3z +3(0) = ~12 —3(0) + 3y = —12
—3r=-12 3y = —12
z =4 y=—4

Plot and label the intercepts, then draw the line —3x + 3y = —12 through
them and label it with its equation.
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|
!
—3x+ 3y = —12

Finally, plot both lines on the same coordinate system and label each with
its equation.

-3z +3y =-9

—3r+ 3y = —12

It appears that the lines might be parallel. Let’s put each into slope-
intercept form to check this supposition.

Solve —3x + 3y = —9 for y: Solve —3x + 3y = —12 for y:
-3z + 3y = -9 -3z + 3y = —12
-3z +3y+3zx=-9+ 3z —3r+3y+3x=-12+ 3z
3y=-9+3x Jy=—-12+ 3z
3y -9+ 3z 3y —1243z
3 3 3 3
y=x—3 y=x—4

Note that both lines have slope 1. However, the first line has a y-intercept
at (0, —3), while the second line has a y-intercept at (0, —4). Hence, the lines
are distinct and parallel. Therefore, the system has no solutions.
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11. First, determine the z- and y-intercepts of 6z — 7y = —42.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.
6 — Ty = —42 6 — Ty = —42
6x — 7(0) = —42 6(0) — Ty = —42
6x = —42 —Ty = —42
r=-7 y==56

Plot and label the intercepts, then draw the line 62 — 7y = —42 through
them and label it with its equation. Next, the line y = —%1‘4—4 has slope —1/4
and y-intercept (0,4). Plot and label (0,4), then move 4 units to the left and
1 unit up. Label the resulting line with its equation.

10

&
Il
/
/
3
=

x
~10 2 -10

‘ —2 ‘ ‘ —2

Next, place both lines on the same coordinate system, label each line with its
equation, then label the point of intersection with its coordinates.

y
ba Ty = —42
~
\\
(—1.8,4.5)3

I

y=—tz+4
X
~10 2
2
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Hence, the solution is approximately (z,y) ~ (—1.8,4.5).

Check: Remember, our estimate is an approximation so we don’t expect
the solution to check exactly (though sometimes it might). Substitute the
approximation (z,y) ~ (—1.8,4.5) in both equations to see how close it checks.
We use a calculator to perform the arithmetic.

6z — Ty = —42 y:_%x+4
6(—1.8) — 7(4.5) ~ —42 1
4.5 =~ 4.45

That’s fairly close, suggesting the approximation (z,y) ~ (—1.8,4.5) is fairly
close to the proper solution.

13. First, determine the z- and y-intercepts of 6z — 7y = —42.

To find the z-intercept, let y = 0. To find the y-intercept, let = 0.
6r — Ty = —42 6 — Ty = —42
6x — 7(0) = —42 6(0) — Ty = —42
6x = —42 —Ty = —42
x=-"7 y==6

Plot and label the intercepts, then draw the line 6z — 7y = —42 through
them and label it with its equation. Next, the line y = —%m—l— 2 has slope —1/5
and y-intercept (0,2). Plot and label (0, 2), then move 5 units to the left and
1 unit up. Label the resulting line with its equation.

Y Yy

10

10

|
L7y = —42

/

&
/
/

Az = -5

—10 2 —10
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Next, place both lines on the same coordinate system, label each line with its
equation, then label the point of intersection with its coordinates.

Y
6z . 73) = —42
\\\
—3.8,2 8)-»’\\\
I
Yy = f%w +2
~10 2
| NN

Hence, the solution is approximately (z,y) ~ (—3.8,2.8).

Check: Remember, our estimate is an approximation so we don’t expect
the solution to check exactly (though sometimes it might). Substitute the
approximation (z,y) ~ (—3.8,2.8) in both equations to see how close it checks.
We use a calculator to perform the arithmetic.

6z — Ty = —42 y:_%xM
6(—3.8) — 7(2.8) ~ —42 ;
YT 2.8~ —(~3.8)+2
2.8 ~ 2.76

That’s fairly close, suggesting the approximation (z,y) ~ (—3.8,2.8) is fairly
close to the proper solution.

15. First, determine the x- and y-intercepts of 6x + 3y = 12.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.
6x + 3y =12 6z + 3y =12
6z +3(0) = 12 6(0) + 3y =12
6z =12 3y =12
=2 y=4

Plot and label the intercepts, then draw the line 6x + 3y = 12 through them
and label it with its equation.
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61 + 3y = 12

Secondly, determine the z- and y-intercepts of —2z —y = 4.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.
—2r—-—y=4 —2r—y=4
—2z—(0)=4 —2(0)—y=4
-2z =4 —y=4
T =2 y=—4

Plot and label the intercepts, then draw the line —2x —y = 4 through them
and label it with its equation.

—2r—y=414

Finally, plot both lines on the same coordinate system and label each with
its equation.
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—2r—y=4 Y

61 + 3y = 12

It appears that the lines might be parallel. Let’s put each into slope-
intercept form to check this supposition.

Solve 6x + 3y = 12 for y: Solve —2x — y =4 for y:
6z 4 3y = 12 —2r—y=4

6x + 3y — 6x =12 — 6z —2r—-—y+2rx=4+2x

3y =12 — 6z —y=442x

3y 12—-6x —y 442z

3 3 o1 o1

y=—-2x+4 y=—2x—4

Note that both lines have slope —2. However, the first line has a y-intercept
at (0,4), while the second line has a y-intercept at (0,—4). Hence, the lines
are distinct and parallel. Therefore, the system has no solutions.

17. First, determine the x- and y-intercepts of 3z + y = 3.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.
3x+y=3 3z+y=3
3z+(0)=3 300)+y=3
3r =3 y=3
rz=1

Plot and label the intercepts, then draw the line 3z + y = 3 through them
and label it with its equation.
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3z+y=3

Secondly, determine the z- and y-intercepts of —2z + 3y = —6.

To find the z-intercept, let y = 0. To find the y-intercept, let x = 0.
-2+ 3y = —6 —2x+ 3y = —6
—2z+3(0) =—6 —2(0) 4+ 3y = —6
—2z = —6 3y = —6
r=3 y=—2

Plot and label the intercepts, then draw the line —2x 4+ 3y = —6 through
them and label it with its equation.

—2z + 3y = —6

Finally, plot both lines on the same coordinate system, label each with its
equation, then label the point of intersection with its approximate coordinates.
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—2r+ 3y = —6

s \

3r+y=3

Hence, the solution is approximately (x,y) =~ (1.4, —1.1).

Check: Remember, our estimate is an approximation so we don’t expect
the solution to check exactly (though sometimes it might). Substitute the
approximation (z,y) ~ (1.4, —1.1) in both equations to see how close it checks.
We use a calculator to perform the arithmetic.

3z +y=3 —2x 43y = —6
3(14)+(-1.1) =3 -2(14)+3(-11)~ -6
3.1~3 —6.1~ -6

That’s fairly close, suggesting the approximation (z,y) ~ (1.4,—1.1) is fairly
close to the proper solution.

19. Enter the equations y = %x 4+ 7 and y = —%a: + 2 in the Y= menu as
shown in the first image below. Select 6:ZStandard from the ZOOM menu to
sketch the system. Press 2ND CALC to open the Calculate menu (see the
second image below), then select 5:intersect. Press ENTER for “First curve,”
ENTER for “Second curve,” and ENTER for “Guess.” The result is shown in
the third image below.

Flotl Flatz Flats F "

M B3k E+T walue

Y- B e s Trero j;oé:

“MNr= SJiminimure S
why= 42 maximum

x35= E: éﬁ&gPEEct

=M= S ;

“Me= FaStixidx ﬁgﬁf&f%ﬁ? =3.53B4615

The calculator reports the solution:

(z,y) ~ (—4.615385, 3.5384615)
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Rounding to the nearest tenth, we get (z,y) ~ (—4.6, 3.5).

Using the Calculator Submission Guidelines, report the solution on your
homework paper as follows.

10/ y:%x—l—?

—4.6,3.5)

y:f%aﬂr?

-10

21. Enter the equations y = %x —3and y = —%x — 1 in the Y= menu as

shown in the first image below. Select 6:ZStandard from the ZOOM menu to
sketch the system. Press 2ND CALC to open the Calculate menu (see the
second image below), then select 5:intersect. Press ENTER for “First curve,”
ENTER for “Second curve,” and ENTER for “Guess.” The result is shown in
the third image below.

Flotl Flotz Flats P
My BBk ualue

~NelE g TRE—1 fzero ‘xx
S | Iminimm

3
My = R IR
~Me= Siintersect ey
wWE= %'d d

s R Inkerseckion
M= DI Hedgg o [y=-16

The calculator reports the solution:
(z,y) =~ (1.05,—1.6)
Rounding to the nearest tenth, we get (z,y) ~ (1.1, —1.6).
Using the Calculator Submission Guidelines, report the solution on your

homework paper as follows.
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)
10 y = %ZL‘ -3
y = 7%51; —1
x
—10
—10
23. Enter the equations y = %x +1and y = —%x + 5 in the Y= menu as

shown in the first image below. Select 6:ZStandard from the ZOOM menu to
sketch the system. Press 2ND CALC to open the Calculate menu (see the
second image below), then select 5:intersect. Press ENTER for “First curve,”
ENTER for “Second curve,” and ENTER for “Guess.” The result is shown in
the third image below.

Flotl Flatz Flots P

xw El£§$§§15 g:ﬁuague H-H'“‘h—q.,__

~MNMel - P Zero

W= Iiminimum T—:ﬁ";:
why= L R TN

x$5= E: én:rjgr*sect

“ME= f o ;

M= Falfoxads ﬁgntf;zsm i

The calculator reports the solution:
(z,y) =~ (6.72,2.12)
Rounding to the nearest tenth, we get (x,y) ~ (6.7,2.1).

Using the Calculator Submission Guidelines, report the solution on your
homework paper as follows.
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25. First, solve each equation for y, so that we can enter the resulting equations
into the Y= menu.

6z + 16y = 96 —6x + 13y = —78
6x + 16y — 62 = 96 — 6 —6z 4+ 13y + 6 = —78 4 6z
16y = 96 — 6x 13y = —78 + 6
16y 96 — 6x 13y —78+ 6z
16 16 13 13
yzG—%x y:—6+16—3x
Enter the equations y = 6 — %x andy = —6+ %x in the Y= menu as shown

in the first image below. Select 6:ZStandard from the ZOOM menu to sketch
the system. Make the adjustments in the second image shown below so that
the point of intersection of the two lines is visible in the viewing window. Press
2ND CALC to open the Calculate menu, then select 5:intersect. Press ENTER
for “First curve,” ENTER for “Second curve,” and ENTER for “Guess.” The
result is shown in the third image below.

Flotl Flotz Flats W IHDO
WM BT S i n= -5 )
N B -GHEs ] 3k Amax=za
WWas Aecl=1
Ny = Ymin=-18
“Me= Ymax=1Aa
“ME= Yacl=1 Interseckion
M= LHres=1 Yzil ZY4EZE Y=.5Z0GAYEG

The calculator reports the solution:

(x,y) ~ (14.344828,0.62068966)
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Rounding to the nearest tenth, we get (z,y) ~ (14.3,0.6).

Using the Calculator Submission Guidelines, report the solution on your
homework paper as follows.

Y
10

6z + 16y = 96 \

(14.3, 0.6/
x

_5 20

—6x + 13y = —78 /

—10

27. First, solve each equation for y, so that we can enter the resulting equations
into the Y= menu.

—2x — 11y =22 8x — 12y = —96
—2x—1ly+2x =22+ 2z 8x — 12y — 8x = —96 — 8z
—11ly =22+ 2x —12y = —-96 — 8z
-1y 22+ 2z —12y  —96 — 8z
-1 -11 -2 -12
2 2
yf—2—ﬁ:c y—8+§x
Enter the equations y = —2— %x and y = 8+ %x in the Y= menu as shown

in the first image below. Select 6:ZStandard from the ZOOM menu to sketch
the system. Make the adjustments in the second image shown below so that
the point of intersection of the two lines is visible in the viewing window. Press
2ND CALC to open the Calculate menu, then select 5:intersect. Press ENTER
for “First curve,” ENTER for “Second curve,” and ENTER for “Guess.” The
result is shown in the third image below.
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Flotl Flotz Flats
SR 2201 1
N ES+HZ T
S |

wMy=

~Me=

“ME=

M=

W MO0
Amin=-26
Anax=o
Aecl=1
Ymin=-18
Ymax=14
Yacl=1

LHres=1

-
——

Inkerseckion

W=-11.7BE71 ¥=.142BE71Y4

The calculator reports the solution:

(z,y) ~ (—11.78571,0.14285714)

Rounding to the nearest tenth, we get (z,y) ~ (—11.8,0.1).
Using the Calculator Submission Guidelines, report the solution on your

homework paper as follows.

\
< (—11.8,0.1)

—20

Y

10 / 8r — 12y = —96

-10

T
5

T 2 — 11y =22

29. First, solve each equation for y, so that we can enter the resulting equations

into the Y= menu.

—6x + 2y = —12
—6x + 2y + 6x = —12 4 62
2y = —12 + 6z
2y —1246x
2 2
y=—6+3z

—12z+ 3y = —36
—12x 4+ 3y + 122 = —36 + 12z
3y = —-36+ 12z
3y —36+ 12z
3 3
y=—12+4+4x

Enter the equations y = —6+3z and y = —12+4x in the Y= menu as shown
in the first image below. Select 6:ZStandard from the ZOOM menu to sketch
the system. Make the adjustments in the second image shown below so that

Second Edition: 2012-2013



4.1. SOLVING SYSTEMS BY GRAPHING 225

the point of intersection of the two lines is visible in the viewing window. Press
2ND CALC to open the Calculate menu, then select 5:intersect. Press ENTER
for “First curve,” ENTER for “Second curve,” and ENTER for “Guess.” The
result is shown in the third image below.

Flotl Flakz Flots LI IHOOL
R = = e Amin=-18
B -1 2 smax=18
~Lz=0 :“.'51;- 1=1
iy = Ymin=-3
ﬁﬁg: ﬁma:iF%El
~Th=— =C 1= :
Vi Ve %gléer'st-:t on '|"l=-.:i.lrz

The calculator reports the solution:

(z,y) = (6,12)

Rounding to the nearest tenth, we get (z,y) =~ (6.0,12.0).

Using the Calculator Submission Guidelines, report the solution on your
homework paper as follows.

20 —6x + 2y = —12

(6.0,12.0)

—10 10

—122x + 3y = —36
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4.2 Solving Systems by Substitution

1. The second equation, y = 6 — 2z, is already solved for y. Substitute 6 — 2x
for y in the first equation and solve for x.

—T7x+ 7y =63 First Equation.
—Tx+7(6—2x) =63 Substitute 6 — 2z for y.
—T7rx+42 — 14z = 63 Distribute the 7.
42 — 21x = 63 Combine like terms.
—2lx =21 Subtract 42 from both sides.
r=-1 Divide both sides by —21.

Finally, to find the y-value, substitute —1 for x in the equation
y=06—2z.

y=06-—2z

y=6-—2(-1) Substitute —1 for x.
y=6+2 Multiply.

y=3_8 Simplify.

Hence, (z,y) = (—1,8) is the solution of the system.
Check: We now show that the solution satisfies both equations.
Substitute (z,y) = (—1,8) in the Substitute (z,y) = (—1,8) in the

first equation. second equation.
—Tx+ 7y =63 y=6-—2z
—7(—=1)+7(8) =63 8=6—2(-1)
7456 =63 8§=6+42
63 = 63 8=28

The last statement in each check, being a true statement, shows that the
solution (x,y) = (—1,8) satisfies both equations and thus is a solution of the
system.

3. The first equation, z = 19 + 7y, is already solved for z. Substitute 19 + 7y
for z in the second equation and solve for y.

3z -3y =3 Second Equation.
3(19+7y) —3y =3 Substitute 19 + 7y for .
57+ 21y —3y =3 Distribute the 3.
57+ 18y =3 Combine like terms.
18y = —b4 Subtract 57 from both sides.
y=-3 Divide both sides by 18.
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Finally, to find the z-value, substitute —3 for y in the equation
r =19+ T7y.

r=194+Ty

z=19+7(-3) Substitute —3 for y.
r=19-21 Multiply.

r=-2 Simplify.

Hence, (x,y) = (=2, —3) is the solution of the system.
Check: We now show that the solution satisfies both equations.

Substitute (z,y) = (=2, —3) in the  Substitute (x,y) = (=2, —3) in the

first equation. second equation.
r=19+Ty 3 —3y=3
—2=19+4+17(-3) 3(-2)—3(-3)=3
—-2=19-21 —-6+9=3
—2=-2 3=3

The last statement in each check, being a true statement, shows that the
solution (z,y) = (—2, —3) satisfies both equations and thus is a solution of the
system.

5. The first equation, x = —5 — 2y, is already solved for z. Substitute —5 — 2y
for z in the second equation and solve for y.

—2r — 6y =18 Second Equation.
—2(=5—2y)—6y =18 Substitute —5 — 2y for x.
10 4+ 4y — 6y = 18 Distribute the —2.
10 —2y =18 Combine like terms.
—2y =38 Subtract 10 from both sides.
y=—4 Divide both sides by —2.

Finally, to find the z-value, substitute —4 for y in the equation
T =—-5—2y.

T=-5—2y

x=-5-2(—4) Substitute —4 for y.
r=-5+8 Multiply.

z=3 Simplify.

Hence, (z,y) = (3, —4) is the solution of the system.

Check: We now show that the solution satisfies both equations.
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Substitute (z,y) = (3,—4) in the Substitute (z,y) = (3,—4) in the

first equation. second equation.
T =-5—2y —2x — 6y =18
3=-5-—2(—4) —2(3) —6(—4) =18
3=-5+8 —6+4+24=18
3=3 18 =18

The last statement in each check, being a true statement, shows that the
solution (z,y) = (3, —4) satisfies both equations and thus is a solution of the
system.

7. The second equation, y = 15+ 3z, is already solved for y. Substitute 15+ 3z
for y in the first equation and solve for z.

6xr — 8y =24 First Equation.
6x — 8(15+3x) =24 Substitute 15 + 3z for y.
6z — 120 — 24z = 24 Distribute the —8.
—120 - 18z =24 Combine like terms.
—18x =144 Add 120 to both sides.
r=-8 Divide both sides by —18.

Finally, to find the y-value, substitute —8 for x in the equation
y =15+ 3z.

y=15+4+3x

y =15+ 3(-8) Substitute —8 for z.
y=15-24 Multiply.

y=-9 Simplify.

Hence, (z,y) = (—8,—9) is the solution of the system.
Check: We now show that the solution satisfies both equations.

Substitute (x,y) = (=8, —9) in the Substitute (x,y) = (=8, —9) in the

first equation. second equation.
6x — 8y =24 y=15+4+3x
6(—8) —8(—9)=24 —9=15+3(-8)
—48+T72=24 —-9=15—-24
24 =24 -9=-9

The last statement in each check, being a true statement, shows that the
solution (z,y) = (—8, —9) satisfies both equations and thus is a solution of the
system.
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9. The first step is to solve either equation for either variable. This means that
we could solve the first equation for x or y, but it also means that we could
solve the second equation for x or y. Of these four possible choices, solving the
first equation for x seems the easiest way to start.

—x 4+ 9y =46 First Equation.
—x =46 — 9y Subtract 9y from both sides.
x=—46 4+ 9y Multiply both sides by —1.

Next, substitute —46 + 9y for x in the second equation and solve for z.

Tr —4y = =27 Second Equation.
7(—46 + 9y) — 4y = —27 Substitute —46 + 9y for x.
—322+ 63y — 4y = —27 Distribute the 7.
—322+ 59y = 27 Combine like terms.
59y = 295 Add 322 to both sides.
y=>5 Divide both sides by 59.

Finally, to find the z-value, substitute 5 for y in the equation
x = —46 + 9y.

r = —46 + 9y

x = —46 + 9(5) Substitute 5 for y.
x=—46+45 Multiply.

r=-1 Simplify.

Hence, (x,y) = (—1,5) is the solution of the system.

11. The first step is to solve either equation for either variable. This means
that we could solve the first equation for x or y, but it also means that we could
solve the second equation for x or y. Of these four possible choices, solving the
first equation for x seems the easiest way to start.

—x +4y =22 First Equation.
—x =224y Subtract 4y from both sides.
x=—-22+4y Multiply both sides by —1.

Next, substitute —22 4 4y for x in the second equation and solve for z.

8r 4+ Ty = —20 Second Equation.
8(—22+4y) + Ty = —20 Substitute —22 + 4y for .
—176 + 32y 4+ 7y = —20 Distribute the 8.
—176 + 39y = —20 Combine like terms.
39y = 156 Add 176 to both sides.
y=4 Divide both sides by 39.
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Finally, to find the z-value, substitute 4 for y in the equation
r=—22+4y.

x=—-22+4y

x=—22+4(4) Substitute 4 for y.
r=-22+16 Multiply.

r=—6 Simplify.

Hence, (z,y) = (—6,4) is the solution of the system.

13. The first step is to solve either equation for either variable. This means
that we could solve the first equation for x or y, but it also means that we could
solve the second equation for x or y. Of these four possible choices, solving the
first equation for x seems the easiest way to start.

r+2y=—-4 First Equation.
r=—-4—2y Subtract 2y from both sides.

Next, substitute —4 — 2y for x in the second equation and solve for y.

6x — 4y = —56 Second Equation.
6(—4 —2y) — 4y = —56 Substitute —4 — 2y for x.
—24 — 12y — 4y = —56 Distribute the 6.
—24 — 16y = —56 Combine like terms.
—16y = —32 Add 24 to both sides.
y=2 Divide both sides by —16.

Finally, to find the z-value, substitute 2 for y in the equation
r=—4—-2y.

r=—-4-2y

x=—-4-2(2) Substitute 2 for y.
r=—-4—-4 Multiply.

z=-8 Simplify.

Hence, (x,y) = (—8,2) is the solution of the system.

15. The first step is to solve either equation for either variable. This means
that we could solve the first equation for z or y, but it also means that we could
solve the second equation for x or y. Of these four possible choices, solving the
first equation for = seems the easiest way to start.

T+ 6y = —49 First Equation.
r = —49 — 6y Subtract 6y from both sides.
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Next, substitute —49 — 6y for x in the second equation and solve for y.
—3Jr+4y=-7

—3(—49 —6y) + 4y = -7

147+ 18y + 4y = -7

Second Equation.
Substitute —49 — 6y for z.
Distribute the —3.
147+ 22y = =7 Combine like terms.
22y = —154 Subtract 147 from both sides.
y=-=17 Divide both sides by 22.

Finally, to find the z-value, substitute —7 for y in the equation
x = —49 — 6y.

z = —49 — 6y
x=—49—6(-7) Substitute —7 for y.
r=—49+42 Multiply.

= -7 Simplify.

Hence, (x,y) = (=7, —7) is the solution of the system.

17.

19. The first equation, z = —2y — 4, is already solved for z, so let’s substitute

—2y — 4 for x in the second equation.

—4x — 8y = —6
—4(—2y—4)—8y=-6
8y + 16 — 8y = —6
16 = —6

Second Equation.
Substitute —2y — 4 for x.
Distribute the —4.

Combine like terms.

The resulting statement, 16 = —6, is false. This should give us a clue that
there are no solutions. Perhaps we are dealing with parallel lines? Let’s put
both equations in slope-intercept form so that we can compare them.

Solve z = —2y — 4 for y:

Solve —4x — 8y = —6 for y:

r=—-2y—4 —4xr — 8y = —6
r+4=-2y —8y =4x—6
r+4 dr —6
—5 Y y= )

1 1 3
y:—ax—Z y=—§x—|—1

Hence, the lines have the same slope, —1/2, but different y-intercepts (one has
y-intercept (0, —2), the other has y-intercept (0,3/4). Hence, these are two
distinct parallel lines and the system has no solution.
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21. The first step is to solve either equation for either variable. This means
that we could solve the first equation for z or y, but it also means that we could
solve the second equation for x or y. Of these four possible choices, solving the

second equation for y seems the easiest way to start.

—Tx+y=19
y=19+T7x

Second Equation.
Add 7z to both sides.

Next, substitute 19 + 7x for y in the first equation and solve for z.

—2x — 2y = 26
—2x —2(19+ 7x) = 26
—2x — 38 — 14z = 26

First Equation.
Substitute y = 19 + 7z for y.
Distribute the —2.

—38 — 162 = 26 Combine like terms.
—162 = 64 Add 38 to both sides.
r=—4 Divide both sides by —16.

Finally, to find the y-value, substitute —4 for z in the equation
y =194 Tx.

y=19+T7x

y=19+7(-4) Substitute —4 for .

y=19—28 Multiply.

y=-9 Simplify.

Hence, (x,y) = (—4, —9) is the solution of the system.

23. The first step is to solve either equation for either variable. This means
that we could solve the first equation for x or y, but it also means that we could
solve the second equation for x or y. Of these four possible choices, solving the

second equation for y seems the easiest way to start.

—3x+y=22
y=22+43x

Second Equation.
Add 3x to both sides.

Next, substitute 22 + 3x for y in the first equation and solve for z.

3z — 4y = —43
3z —4(22 + 3z) = —43
3x — 88 — 122 = —43

—88 — 9 = —43
—9x =45
T =5
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First Equation.

Substitute y = 22 + 3z for y.
Distribute the —4.

Combine like terms.

Add 88 to both sides.
Divide both sides by —9.
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Finally, to find the y-value, substitute —5 for x in the equation
y =22+ 3x.

y =22+ 3z

y =22+ 3(-5) Substitute —5 for .
y=22-15 Multiply.

y="1 Simplify.

Hence, (x,y) = (—5,7) is the solution of the system.
25.

27. The second equation, y = —§x+9, is already solved for y, so let’s substitute
—%x + 9 for y in the first equation.

—8x —Ty=2 First Equation.
8 8
—8r —7 (—?x + 9) =2 Substitute —?l' + 9 for y.
—8r+8r—63=2 Distribute the —7.
—63 =2 Combine like terms.

The resulting statement, —63 = 2, is false. This should give us a clue that
there are no solutions. Perhaps we are dealing with parallel lines? The second
equation is already solved for y so let’s solve the first equation for y to determine
the situation.

—8xr—Ty=2 First Equation.
—Ty=8x+2 Add 8z to both sides.
8 2
- x_‘; Divide both sides by —7.
8 2 .
Y= —?x — % Divide both terms by —7.

Thus, our system is equivalent to the following system of equations.

__8,_2
y=Trt T
y:—§x+9

These lines have the same slope, —8/7, but different y-intercepts (one has
y-intercept (0, —2/7), the other has y-intercept (0,9). Hence, these are two
distinct parallel lines and the system has no solution.
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29. We begin by solving the first equation for x.

3r—5y =3
3 =3+ by
3+ 5y
xTr =
3
5
:1 —
T +3y

First equation.
Add 5y to both sides

Divide both sides by 3.

Divide both terms by 3.

5
Next, substitute 1 + gy for x in the second equation.

Sr — Ty =2

5<L+%O—7y—2

25
5+§y—7y:2
154+ 25y — 21y =6

154+4y =6
4y = -9
9
y:—z

5
Finally, substitute —9/4 for y in x =1+ —y.

5
:1 —
x +3

5 9
:1 — —_—
x +3< 4>

15
:1——
v 1
L3 15
4 4
RS
Ty

Second equation.

5
Substitute 1 + gy for x.

Distribute the 5.
Multiply both sides by 3.

Combine like terms.
Subtract 15 from both sides.

Divide both sides by 4.

3

Substitute —9/4 for y.
Multiply.

Equivalent fractions with.

a common denominator.

Simplify.

Hence, (z,y) = (—11/4,—9/4) is the solution of the system.

Check: First, store —11/4 in X with the following keystrokes. The result is

shown in the first image below.

O[] ] B

Store —9/4 in Y with the following keystrokes. The result is shown in the first

image below.
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OINE = 4 ALPHA EEWN ENTER

Clear the calculator screen by pressing the CLEAR button, then enter the left-
hand side of the first equation with the following keystrokes. The result is
shown in the second image below.

al | 1 Ia] [wam] o

Enter the left-hand side of the second equation with the following keystrokes.
The result is shown in the second image below.

-] 1N I () [

119+ Dok =Dkl
“2. ¥

“Sg k=
“2. 23 .

The result in the second image shows that 3z — 5y = 3 and 5z — 7y = 2 for
z = —11/4 and y = —9/4. The solution checks.

31. We begin by solving the first equation for x.

dr+3y =8 First equation.
dr =8 — 3y Subtract 3y from both sides
8—3
T = Ty Divide both sides by 4.
3
r=2— 1Y Divide both terms by 4.
. 3 . .
Next, substitute 2 — e for x in the second equation.
3z +4y =2 Second equation.
3 3
3 (2 — Zy) + 4y =2 Substitute 2 — 1Y for x.
9 o
6 — 7Y + 4y =2 Distribute the 3.
24 -9y + 16y =8 Multiply both sides by 4.
244+ 7y =8 Combine like terms.
Ty = —16 Subtract 24 from both sides.
16
y=-= Divide both sides by 7.
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3
Finally, substitute —16/7 for y in . = 2 — 1

3
= 2 —_ =
x 1Y
1
r=2- Z <—76> Substitute —16/7 for y.
12
T =2+ - Multiply.
14 12
= + — Equivalent fractions with.
a common denominator.

26
T
Hence, (z,y) = (26/7,—16/7) is the solution of the system.

Check: First, store 26/7 in X with the following keystrokes. The result is
shown in the first image below.

2] [6 H all sTo- ENTER

Store —16/7 in Y with the following keystrokes. The result is shown in the
first image below.

Oll1] e = 7 | e 1 | e

Clear the calculator screen by pressing the CLEAR button, then enter the left-
hand side of the first equation with the following keystrokes. The result is
shown in the second image below.

Enter the left-hand side of the second equation with the following keystrokes.
The result is shown in the second image below.

T Simplify.

2EST R kel + kel
S. 714283714
“les ey Zkin gl
-2, 2B837 14286 .

The result in the second image shows that 4x 4+ 3y = 8 and 3z + 4y = 2 for
x=26/7 and y = —16/7. The solution checks.
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33. We begin by solving the first equation for x.

3r+8y =6 First equation.
3z =6—8y Subtract 8y from both sides
T = 6 —38y Divide both sides by 3.
r=2-— gy Divide both terms by 3.

8
Next, substitute 2 — gy for z in the second equation.

20 4+ Ty = =2 Second equation.
2 (2 - §y> + Ty = -2 Substitute 2 — gy for x.
16 s
4— ?y + Ty = -2 Distribute the 2.
12 — 16y + 21y = —6 Multiply both sides by 3.
1245y = —6 Combine like terms.
5y = —18 Subtract 12 from both sides.
18
Yy=—-— Divide both sides by 5.

5

8
Finally, substitute —18/5 for y in x = 2 — —y.

3
8
= 2 —_ =
x Y
1
r=2- g (—;) Substitute —18/5 for y.
4
=2+ ES Multiply.
1 4
T = EO + ES Equivalent fractions with.
a common denominator.
T = % Simplify.

Hence, (z,y) = (58/5,—18/5) is the solution of the system.

237

Check: First, store 58/5 in X with the following keystrokes. The result is

shown in the first image below.

5 8 H LR STO >

ENTER

Store —18/5 in Y with the following keystrokes. The result is shown in the

first image below.
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Oll1l]s = 5 ALPHA JEWN ENTER

Clear the calculator screen by pressing the CLEAR button, then enter the left-
hand side of the first equation with the following keystrokes. The result is
shown in the second image below.

Enter the left-hand side of the second equation with the following keystrokes.
The result is shown in the second image below.

28T Zk i

11.& (=]
-1Es0Y e

s . -2

The result in the second image shows that 3z + 8y = 6 and 2x + 7y = —2 for
x =58/5 and y = —18/5. The solution checks.

35. We begin by solving the first equation for x.

drx+5y =14 First equation.
dr =4 — by Subtract 5y from both sides
4-5
T = Ty Divide both sides by 4.
5
r=1-— 1Y Divide both terms by 4.
. 5 . .
Next, substitute 1 — 1Y for x in the second equation.
—3r—2y=1 Second equation.
5 5
-3 (1 — Zy) —2y=1 Substitute 1 — 1Y for x.
15 o
-3+ V- 2y =1 Distribute the —3.
—124+ 15y —8y =4 Multiply both sides by 4.
—124+ 7y =4 Combine like terms.
Ty = 16 Add 12 to both sides.
16
y== Divide both sides by 7.
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5
Finally, substitute 16/7 for y in x =1 — —y.

4
5
= 1 —_ =
T i
1
r=1- g (76> Substitute 16/7 for y.
2
r=1- 70 Multiply.
2
T = ; — 70 Equivalent fractions with.
a common denominator.
1
T = —73 Simplify.

Hence, (z,y) = (—13/7,16/7) is the solution of the system.

Check: First, store —13/7 in X with the following keystrokes. The result is
shown in the first image below.

BUEIE H 7 | R ENTER

Store 16/7 in Y with the following keystrokes. The result is shown in the first
image below.

1| [6 H 7 ArprA N eNTER

Clear the calculator screen by pressing the CLEAR button, then enter the left-
hand side of the first equation with the following keystrokes. The result is
shown in the second image below.

Enter the left-hand side of the second equation with the following keystrokes.
The result is shown in the second image below.

0] [ I8 IR 1 () I Y () [T

“1347 N kel + 2kl
-1.8327142857
1.7 Y - A=kl
2.2837142868

The result in the second image shows that 4x + 5y = 4 and —3x — 2y = 1 for
x =—13/7 and y = 16/7. The solution checks.
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37. The second equation, y = %x —38, is already solved for y, so let’s substitute
%x — 8 for y in the first equation.

-9z +6y=9

—9x+6(;x—8> =9

-9+ 92 —48 =9
—48 =9

First Equation.

3 '
Substitute 3%~ 8 for y.
Distribute the 6.

Combine like terms.

The resulting statement, —48 = 9, is false. This should give us a clue that
there are no solutions. Perhaps we are dealing with parallel lines? The second
equation is already solved for y so let’s solve the first equation for y to determine
the situation.

—9zr 4+ 6y =9 First Equation.
6y=9x+9 Add 9z to both sides.
9+ 9
Yy = x6—|— Divide both sides by 6.
3 3 .
y=3% + 3 Divide both terms by 6.

Thus, our system is equivalent to the following system of equations.

3 +3
= = —_
Y=o Ty

3
yzix—S

These lines have the same slope, 3/2, but different y-intercepts (one has y-
intercept (0,3/2), the other has y-intercept (0, —8). Hence, these are two dis-
tinct parallel lines and the system has no solution.

39. The first equation, y = —2x — 16, is already solved for y, so let’s substitute
—2z — 16 for y in the second equation.

—14x — Ty =112
—14z — 7(—22 — 16) = 112
—14x 4+ 14z + 112 =112

Second Equation.
Substitute —2z — 16 for y.
Distribute the —7.

112 =112 Combine like terms.

The resulting statement, 112 = 112, is a true statement. Perhaps this is an

indication that we are dealing with the same line? Since the first equation
is already in slope-intercept form, let’s put the second equation into slope-
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intercept form so that we can compare them.

—1dz — Ty =112 Second Equation.
-7y =14z + 112 Add 14x to both sides.
14 112
y = % Divide both sides by —7.
y=—2x—16 Divide both terms by —7.

Thus, our system is equivalent to the following system of equations.

y=—2x—16
y=—2x—16
These two lines have the same slope and the same y-intercept and they are

exactly the same lines. Thus, there are an infinite number of solutions. Indeed,
any point on either line is a solution.

41. The first equation, x = 16 — by, is already solved for x. Substitute 16 — 5y
for = in the second equation and solve for y.

—dr+2y=24 Second Equation.
—4(16 — 5y) +2y =24 Substitute 16 — 5y for .
—64+4+20y 42y =24 Distribute the —4.
—64+22y =24 Combine like terms.
22y = 88 Add 64 to both sides.
y=4 Divide both sides by 22.

Finally, to find the z-value, substitute 4 for y in the equation
r =16 — 5y.

r =16 — 5y

x=16—5(4) Substitute 4 for y.
z=16—20 Multiply.

r=—4 Simplify.

Hence, (z,y) = (—4,4) is the solution of the system.

43. The first equation, x = 7Ty + 18, is already solved for z, so let’s substitute
7y + 18 for z in the second equation.

9z — 63y = 162 Second Equation.
9(7y 4+ 18) — 63y = 162 Substitute 7y + 18 for x.
63y + 162 — 63y = 162 Distribute the 9.
162 = 162 Combine like terms.
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The resulting statement, 162 = 162, is a true statement. Perhaps this is an
indication that we are dealing with the same line? Let’s put the first and
second equations into slope-intercept form so that we can compare them.

Solve z = Ty + 18 for y:

Solve 92 — 63y = 162 for y:

r="Ty+18 9z — 63y = 162
r—18="T7y —63y = —9x 4 162
x—18 —9x 4 162

7 Y YT e

1 18 1 18

V=7t v=7eo T

Thus, our system is equivalent to the following system of equations.

1 18
y=7v-
1 18
y=7r- 7

These two lines have the same slope and the same y-intercept and they are
exactly the same lines. Thus, there are an infinite number of solutions. Indeed,
any point on either line is a solution.

45. The first equation, x = —2y + 3, is already solved for x, so let’s substitute
—2y + 3 for x in the second equation.

4dr+8y =14
4(—2y+3)+8y=4
—8y+12+8y=4
12=14

Second Equation.
Substitute —2y + 3 for z.
Distribute the 4.

Combine like terms.

The resulting statement, 12 = 4, is false. This should give us a clue that there
are no solutions. Perhaps we are dealing with parallel lines? Let’s put both
equations in slope-intercept form so that we can compare them.

Solve z = —2y + 3 for y:

Solve 4x + 8y = 4 for y:

rT=—-2y+3 4r 48y =4

r—3=-2y 8y = -4z +4
-3 —4x + 4
:’y = —

-9 8
1 3 1 +1
= —— — = ——x —
Y 2m+2 Y 5 5

Hence, the lines have the same slope, —1/2, but different y-intercepts (one has
y-intercept (0,3/2), the other has y-intercept (0,1/2). Hence, these are two
distinct parallel lines and the system has no solution.
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47. The second equation, y = —3 — 2z, is already solved for y. Substitute
—3 — 2z for y in the first equation and solve for x.

—9x +4y =173 First Equation.
—9x +4(-3—2x) =173 Substitute —3 — 2z for y.
—9x—-12—-8x =173 Distribute the 4.
—12-172 =173 Combine like terms.
—17x =85 Add 12 to both sides.
r=-5 Divide both sides by —17.

Finally, to find the y-value, substitute —5 for x in the equation
y=—-3—2x.

y=-3—-2x

y=—3—2(=5) Substitute —5 for .
y=-3+10 Multiply.

y=71 Simplify.

Hence, (z,y) = (—5,7) is the solution of the system.

4.3 Solving Systems by Elimination

1. Start with the given system.
r + 4dy = 0
9r — Ty = —43
We'll concentrate on eliminating x. Multiply the first equation by —9, then
add the results.

-9z — 36y = 0
9 — Ty = —43
— 43y = —43

Divide both sides by —43.

—43
—43
y=1 Simplify.

Y= Divide both sides by —43.

Take the answer y = 1 and substitute 1 for y in the first equation.

r+4y =0 First equation.
x+4(1)=0 Substitute 1 for y.
x+4=0 Multiply.
r=—4 Subtract 4 from both sides.

Hence, the solution is (x,y) = (—4,1).
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Check: We must show that the solution (z,y) = (—4, 1) satisfies both equa-
tions.

z+4y=0 9 — Ty = —43
(—4)+4(1)=0 9(—4)—7(1) = —43
—44+4=0 —36 —7=—43
0=0 —43 = —43

Because each of the last two statements are true, this guarantees that (x,y) =
(—4,1) is a solution of the system.

3. Start with the given system.

6x + y = 8
4z 4+ 2y = 0

We'll concentrate on eliminating y. Multiply the first equation by —2, then
add the results.

—12z — 2y = -16
dr + 2y = 0
—8z = -16
Divide both sides by —8.
-1
T = —86 Divide both sides by —8.
T=2 Simplify.

Take the answer x = 2 and substitute 2 for x in the first equation.

6r+y=38 First equation.
6(2)+y=28 Substitute 2 for x.
124+y =38 Multiply.
y=—4 Subtract 12 from both sides.

Hence, the solution is (x,y) = (2, —4).

Check: We must show that the solution (x,y) = (2, —4) satisfies both equa-
tions.

6x +y =38 dr 42y =0
6(2) + (—4) =8 4(2) +2(—4) =0
12-4=8 8§—-8=0
8§=38 0=0
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Because each of the last two statements are true, this guarantees that (x,y) =
(2, —4) is a solution of the system.

5. Start with the given system.

-8 4+ y = -—56
4z + 3y = 56

We'll concentrate on eliminating y. Multiply the first equation by —3, then
add the results.

24r — 3y = 168
dr + 3y = 56
28z = 224
Divide both sides by 28.
T = % Divide both sides by 28.
r=28 Simplify.

Take the answer x = 8 and substitute 8 for = in the first equation.

—8xr +y = —56 First equation.
—8(8) +y = —56 Substitute 8 for .
—64+y=-56 Multiply.
y=2~8 Add 64 to both sides.

Hence, the solution is (x,y) = (8, 8).
Check: We must show that the solution (z,y) = (8, 8) satisfies both equations.

—8r +y=—-56 4o + 3y = 56
—8(8)+ (8) = —56 4(8) + 3(8) = 56
—64 +8 = —56 32+ 24 =56
—56 = —56 56 = 56

Because each of the last two statements are true, this guarantees that (x,y) =
(8,8) is a solution of the system.

7. Start with the given system.

r + 8y = 41
—br — 9y = =50
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We’ll concentrate on eliminating . Multiply the first equation by 5, then add
the results.

5 4+ 40y = 205
—5r — 9y = =50
3ly = 155

Divide both sides by 31.

155
=37 Divide both sides by 31.
y=>5 Simplify.

Take the answer y = 5 and substitute 5 for y in the first equation.

r+ 8y =41 First equation.
x4 8(5) =41 Substitute 5 for y.
x+40 =141 Multiply.
rz=1 Subtract 40 from both sides.

Hence, the solution is (x,y) = (1,5).

Check: We must show that the solution (z,y) = (1, 5) satisfies both equations.

4+ 8y =41 —5x — 9y = =50
(1) +8(5) =41 —5(1) — 9(5) = =50
14+40=41 -5 —45 = —-50
41 =41 —50 = -50

Because each of the last two statements are true, this guarantees that (x,y) =
(1,5) is a solution of the system.

9. Start with the given system.

—12z + 9y = 0
—6x — 4y —-34

We’ll concentrate on eliminating x. Multiply the second equation by —2, then
add the results.

12z 4+ 9y = 0
122 + 8y = 68
17y = 68
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Divide both sides by 17.

17y = 68
68 .. .
y = T Divide both sides by 17.
y=4 Simplify.

Take the answer y = 4 and substitute 4 for y in the first equation.

—12x4+9y =0 First equation.
—1224+9(4) =0 Substitute 4 for y.
—12z+36 =0 Multiply.
—12x = —36 Subtract 36 from both sides.
=3 Divide both sides by —12

Hence, the solution is (z,y) = (3,4).

11. Start with the given system.

27z — 6y
-3z — by

-96
22

We'll concentrate on eliminating x. Multiply the second equation by 9, then
add the results.

27 — 6y = —96
—27x — 45y = 198
— b5ly = 102
Divide both sides by —51.
—51ly =102
102
y="5 Divide both sides by —51.
y=-—2 Simplify.

Take the answer y = —2 and substitute —2 for y in the first equation.

27 — 6y = —96 First equation.
27z — 6(—2) = —96 Substitute —2 for y.
27x + 12 = —96 Multiply.
27x = —108 Subtract 12 from both sides.
r=—4 Divide both sides by 27

Hence, the solution is (z,y) = (-4, —2).
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13. Start with the given system.

2 — 6y = 28
=3z + 18y —60

We’ll concentrate on eliminating y. Multiply the first equation by 3, then add
the results.

6x — 18y = 84
-3z + 18y = -60
3z = 24

Divide both sides by 3.

3r =24
24 . .
T = 3 Divide both sides by 3.
z=2_8 Simplify.

Take the answer x = 8 and substitute 8 for = in the first equation.

22 — 6y = 28 First equation.
2(8) — 6y = 28 Substitute 8 for .
16 — 6y = 28 Multiply.
—6y =12 Subtract 16 from both sides.
y=—-2 Divide both sides by —6

Hence, the solution is (x,y) = (8, —2).

15. Start with the given system.

—238
64

—32z + Ty
8 — 4y

We’ll concentrate on eliminating x. Multiply the second equation by 4, then
add the results.

-32z + Ty = -—-238
32z — 16y = 256
- 9y = 18
Divide both sides by —9.
—9y =18
18 .. .
U Divide both sides by —9.
y=—2 Simplify.
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Take the answer y = —2 and substitute —2 for y in the first equation.

—32x + Ty = —238 First equation.
—322 4 7(—2) = —238 Substitute —2 for y.
—32x — 14 = —238 Multiply.
—32x = —224 Add 14 to both sides.
r="T7 Divide both sides by —32

Hence, the solution is (x,y) = (7, —2).

17. Start with the given system.

3 — Ty = =75
—2x — 2y = -10

We'll first concentrate on eliminating the variable . Multiply the first equation
by 2, the second equation by 3, then add the results.

6z — 14y = -150

—6x — 6y = 30

- 20y = -180

Divide both sides by —20.
—20y = —180
—180
= —20 Divide both sides by —20.
y=9 Simplify.

Take the answer y = 9 and substitute 9 for y in the first equation (you could
also make the substitution in the second equation).

3x — Ty =-T75 First equation.
3z —7(9)=-75 Substitute 9 for y.
3xr —63=-75 Multiply.
3r=—-12 Add 63 to both sides.
—12
T = N Divide both sides by 3.
r=—-4 Simplify.

Hence, the solution is (x,y) = (—4,9).

Second Edition: 2012-2013



250 CHAPTER 4. SYSTEMS

19. Start with the given system.

—63
—34

9r — Yy
20 — 6y

We’'ll first concentrate on eliminating the variable z. Multiply the first equation
by —2, the second equation by 9, then add the results.

—18x + 18y = 126

18x — b4y = —-306

— 36y = —-180
Divide both sides by —36.

—36y = —180
-1
= % Divide both sides by —36.
y=>5 Simplify.

Take the answer y = 5 and substitute 5 for y in the first equation (you could
also make the substitution in the second equation).

9z — 9y = —63 First equation.
9z — 9(5) = —63 Substitute 5 for y.
9x — 45 = —63 Multiply.
9z = —18 Add 45 to both sides.
—18
T = 5 Divide both sides by 9.
=2 Simplify.

Hence, the solution is (x,y) = (-2, 5).

21. Start with the given system.

-9 — 2y = 28
S5r — 3Jy = -—-32

We'll first concentrate on eliminating the variable z. Multiply the first equation
by —5, the second equation by —9, then add the results.

45z + 10y = -—140
—45x + 27y = 288
3Ty = 148

Second Edition: 2012-2013



4.3. SOLVING SYSTEMS BY ELIMINATION 251

Divide both sides by 37.

37Ty = 148
148
Y= ETa Divide both sides by 37.
y=4 Simplify.

Take the answer y = 4 and substitute 4 for y in the first equation (you could
also make the substitution in the second equation).

—9x — 2y = 28 First equation.
—9z —2(4) =28 Substitute 4 for y.
—9xr —8 =28 Multiply.
—9z = 36 Add 8 to both sides.
T = 3—(; Divide both sides by —9.
r=—-4 Simplify.

Hence, the solution is (x,y) = (—4,4).

23. Start with the given system.

—34
56

-3z — b5y
T 4+ Ty

We'll first concentrate on eliminating the variable x. Multiply the first equation
by —7, the second equation by —3, then add the results.

21z + 3by = 238
21z — 21y = -168
14y = 70
Divide both sides by 14.
14y =170
70 . .
Yy = 1 Divide both sides by 14.
y=2>5 Simplify.
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Take the answer y = 5 and substitute 5 for y in the first equation (you could
also make the substitution in the second equation).

—3x —by=—-34 First equation.
-3z —5(5)=-34 Substitute 5 for y.
—3x—25=-34 Multiply.
-3z = -9 Add 25 to both sides.
-9
T = 3 Divide both sides by —3.
=3 Simplify.

Hence, the solution is (z,y) = (3,5).

25. Start with the given system.

2 — Ty = =2
x 4+ 6y = 3

We’'ll first concentrate on eliminating the variable z. Multiply the first equation
by —7, the second equation by 2, then add the results.

—14z + 49y = 14
4 + 12y = 6
6ly = 20

Divide both sides by 61 to get y = 20/61. Next, we could substitute 20/61 for
y in either equation and solve to find x. However, in this case it is probably
easier to perform elimination again. Start with the given system again.

20 — Ty = =2
Tx + 6y = 3

This time we concentrate on eliminating the variable y. Multiply the first
equation by —6, the second equation by —7, then add the results.

—12z + 42y = 12
—49r — 42y = =21
—61zx = -9

Divide both sides by —61 to get = 9/61. Hence, the solution is (x,y) =
(9/61,20/61).

Check: First, store 9/61 in X with the following keystrokes. The result is
shown in the first image below.

9 H 61 Finels ENTER
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Store 20/61 in Y with the following keystrokes. The result is shown in the first
image below.

2o H 61 Fines 1 | B

Clear the calculator screen by pressing the CLEAR button, then enter the left-
hand side of the first equation with the following keystrokes. The result is
shown in the second image below.

7] 1N RO [ ] D

Enter the right-hand side of the second equation with the following keystrokes.
The result is shown in the second image below.

RN 2=l
« 1473409836 -2
28-51+Y Ry
 S27PEEEEE2S . a3

The result in the second image shows that 2z — 7y = —2 and 7z + 6y = 3 for
x =9/61 and y = 20/61. The solution checks.

27. Start with the given system.

2 4+ 3y = -2
—br + Sy = 2

We'll first concentrate on eliminating the variable x. Multiply the first equation
by 5, the second equation by 2, then add the results.

10z + 15y = -10
—10z + 10y = 4
25y = —6

Divide both sides by 25 to get y = —6/25. Next, we could substitute —6/25
for y in either equation and solve to find x. However, in this case it is probably
easier to perform elimination again. Start with the given system again.

2 + 3y = -2
—bxr + S5y = 2
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This time we concentrate on eliminating the variable y. Multiply the first
equation by —5, the second equation by 3, then add the results.

—10z — 1by = 10
—15z + 15y = 6
—25x = 16

Divide both sides by —25 to get = —16/25. Hence, the solution is (z,y) =
(—=16/25,—6/25).

Check: First, store —16/25 in X with the following keystrokes. The result is
shown in the first image below.

) (21 (o] 1 =] [ I SR D

Store —6/25 in Y with the following keystrokes. The result is shown in the
first image below.

QIRKS H 2 5 ALPHA BWE ENTER

Clear the calculator screen by pressing the CLEAR button, then enter the left-
hand side of the first equation with the following keystrokes. The result is
shown in the second image below.

Enter the right-hand side of the second equation with the following keystrokes.
The result is shown in the second image below.

1672544 e A T -
WL A ) - Sk S
- 24 . 2

The result in the second image shows that 2z + 3y = —2 and —5z 4 5y = 2 for
x = —16/25 and y = —6/25. The solution checks.
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29. Start with the given system.

9z + 4y = -4
—7x — 9y = 3

We'll first concentrate on eliminating the variable x. Multiply the first equation
by 7, the second equation by 9, then add the results.

63z + 28y = -—28
—63z — 8ly = 27
- 8y = -1

Divide both sides by —53 to get y = 1/53. Next, we could substitute 1/53 for
y in either equation and solve to find z. However, in this case it is probably
easier to perform elimination again. Start with the given system again.

92 + 4y = -4
—7x — 9y = 3

This time we concentrate on eliminating the variable y. Multiply the first
equation by 9, the second equation by 4, then add the results.

8lz + 36y = -—36
—28x — 36y = 12
93x = —-24

Divide both sides by 53 to get + = —24/53. Hence, the solution is (z,y) =
(—24/53,1/53).

Check: First, store —24/53 in X with the following keystrokes. The result is
shown in the first image below.

01 (2] (2] 1 (5] [+ I SR [

Store 1/53 in Y with the following keystrokes. The result is shown in the first
image below.

1 H 5 3 Il ENTER

Clear the calculator screen by pressing the CLEAR button, then enter the left-
hand side of the first equation with the following keystrokes. The result is
shown in the second image below.

Enter the right-hand side of the second equation with the following keystrokes.
The result is shown in the second image below.
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mjal] Lk ] D

—2d D5 Dkl
-, 4328381887 -4
13353 =7 =Skl
B188679245 . a3

The result in the second image shows that 9z + 4y = —4 and —7x — 9y = 3 for
x = —24/53 and y = 1/53. The solution checks.

31. Start with the given system.

2 + 2y = 4
3r — by = 3

We'll first concentrate on eliminating the variable z. Multiply the first equation
by —3, the second equation by 2, then add the results.

—6x — 6y = -—12
6z — 10y = 6
- 16y = —6

Divide both sides by —16 to get y = 3/8. Next, we could substitute 3/8 for
y in either equation and solve to find x. However, in this case it is probably
easier to perform elimination again. Start with the given system again.

2 + 2y = 4
3r — by = 3

This time we concentrate on eliminating the variable y. Multiply the first
equation by 5, the second equation by 2, then add the results.

10z + 10y = 20
6z — 10y = 6
16x = 26

Divide both sides by 16 to get x = 13/8. Hence, the solution is (z,y) =
(13/8,3/8).

Check: First, store 13/8 in X with the following keystrokes. The result is
shown in the first image below.

1] [ 3 H s | e ENTER
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Store 3/8 in Y with the following keystrokes. The result is shown in the first

image below.
3 = s | Eovel 1| PN

Clear the calculator screen by pressing the CLEAR button, then enter the left-
hand side of the first equation with the following keystrokes. The result is
shown in the second image below.

Enter the right-hand side of the second equation with the following keystrokes.
The result is shown in the second image below.

al | 1 Ia] [wam] o

1357845 2
1.623
Zog Dok =Dkl
T .

The result in the second image shows that 2x + 2y = 4 and 3z — 5y = 3 for
x =13/8 and y = 3/8. The solution checks.

33. Start with the given system.

r 4+ Ty = =32
-8 — 56y = 256

We'll concentrate on eliminating z. Multiply the first equation by 8, then add
the results.

8¢ + 56y = —256
—8z — 56y = 256
0 = 0

Note that this last statement, 0 = 0, is true. Hence, the system has an infinite
number of solutions.
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35. Start with the given system.

16z — 16y
—-8x + 8y

—256
128

We’ll concentrate on eliminating x. Multiply the second equation by 2, then
add the results.

16z — 16y = —256
—16z + 16y = 256
0 = 0

Note that this last statement, 0 = 0, is true. Hence, the system has an infinite
number of solutions.

37. Start with the given system.

z — 4y = =37
20 — 8y = H4

We’ll concentrate on eliminating x. Multiply the first equation by —2, then
add the results.

-2z + 8y = 74
2 — 8y = 54
0 = 128

Note that this last statement, 0 = 128, is false. Hence, the system has no
solution.

39. Start with the given system.

x + 9y = 73
-4z — by = -4

We’ll concentrate on eliminating x. Multiply the first equation by 4, then add
the results.

dr + 36y = 292
—4xr — by = -—-44
3ly = 248

Divide both sides by 31.

31y = 248
24
_ 3_18 Divide both sides by 31.
y=28 Simplify.
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Take the answer y = 8 and substitute 8 for y in the first equation.

x+9y =173
x+9(8) =73
x+72="173
r=1

Hence, the solution is (x,y) = (1, 8).

First equation.

Substitute 8 for y.

Multiply.

Subtract 72 from both sides.

4.4 Applications of Linear Systems

1. In the solution, we address each step of the Requirements for Word Problem

Solutions.

1. Set up a Variable Dictionary. Our variable dictionary will take the form
of a diagram, naming the two complementary angles o and .

A

2. Set up a System of Equations. The “second angle is 42 degrees larger
than 3 times the first angle” becomes

B =42+ 3«

Secondly, the angles are complementary, meaning that the sum of the

angles is 90°.

a+ =90

Thus, we have a system of two equations in two unknowns « and .

3. Solve the System. Substitute 42 + 3« for 8 in a4+ 8 = 90.

a+ =90

a+ (424 3a) =90
4o+ 42 =90
4o = 48

a=12

Substitute 42 4+ 3« for S.
Combine like terms.
Subtract 42 from both sides.
Divide both sides by 4.
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4. Answer the Question. The first angle is @ = 12 degrees. The second

angle is:
B8 =42 + 3«
B =42+ 3(12) Substitute 12 for a.
B8 =71T8 Simplify.

5. Look Back. Certainly 78° is 42° larger than 3 times 12°. Also, note that
12° 4 78° = 90°, so the angles are complementary. We have the correct
solution.

3. In the solution, we address each step of the Requirements for Word Problem
Solutions.

1. Set up a Variable Dictionary. Our variable dictionary will take the form
of a diagram, naming the width and length W and L, respectively.

L

L

2. Set up a System of Equations. The perimeter is found by summing the
four sides of the rectangle.

P=L+W+L+W
P=2L+42W

We’re told the perimeter is 116 inches, so we can substitute 116 for P in
the last equation.

116 = 2L +2W
We can simplify this equation by dividing both sides by 2, giving the
following result:

L+W =58

Secondly, we're told that the “length is 28 inches more than twice the
width.” This translates to:

L =28+42W
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3. Solve the System. As the last equation is already solved for L, let use
the substitution method and substitute 28 4+ 2W for L in the equation

L+ W =358.
L+ W =58 Perimeter equation.
(284 2W) 4+ W =58 Substitute 28 4+ 2W for L.
3W + 28 =58 Combine like terms.
3W =30 Subtract 28 from both sides.
W =10 Divide both sides by 3.

4. Answer the Question. The width is W = 10 inches. To find the length,
substitute 10 for W in the equation L = 28 4+ 2W.

L =28+2W Length equation.

L =28+ 2(10) Substitute 10 for W.
L =28+20 Multiply.

L =48 Add.

Thus, the length is L = 48 inches.

5. Look Back. Perhaps a picture, labeled with our answers might best
demonstrate that we have the correct solution. Remember, we found
that the width was 10 inches and the length was 48 inches.

48

10 10

48

Note that the perimeter is P = 48 4+ 10448 4+ 10 = 116 inches. Secondly,
note that the length (48 inches) is 28 inches more than twice the width.
So we have the correct solution.

5. In the solution, we address each step of the Requirements for Word Problem
Solutions.

1. Set up a Variable Dictionary. Let N represent the number of nickels and
let @@ represent the number of quarters.

2. Set up a System of Equations. Using a table to summarize information is
a good strategy. In the first column, we list the type of coin. The second
column gives the number of each type of coin, and the third column
contains the value (in cents) of the number of coins in her pocket.
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| Number of Coins | Value (in cents)

Nickels | N | 5N
Quarters | Q | 25Q
Totals | 59 | 635

Note that N nickels, valued at 5 cents apiece, are worth 5N cents. Sim-
ilarly, @ quarters, valued at 25 cents apiece, are worth 25 cents. Note
also how we’ve change $6.35 to 635 cents.

The second column of the table gives us our first equation.
N+Q=059
The third column of the table gives us our second equation.

5N + 25Q = 635

Solve the System. Because both equations are in standard form Az+By =
C, we’ll use the elimination method to find a solution. Because the
question asks us to find the number of quarters in her pocket, we’ll focus
on eliminating the N-terms and keeping the Q-terms.

5N — 5Q = -295 Multiply first equation by —5.
5N + 25Q = 635 Second equation.
20Q = 340 Add the equations.

Dividing both sides of the last equation by 20 gives us @ = 17.

. Answer the Question. The previous solution tells us that Maria has 17

quarters in her pocket.

Look Back. Again, summarizing results in a table might help us see if
we have the correct solution. First, because we’re told that Maria has 59
coins in all, and we found that she had 17 quarters, this means that she
must have 42 nickels.

| Number of Coins | Value (in cents)

Nickels | 42 | 210
Quarters | 17 | 425
Totals | 59 | 635

42 nickels are worth 210 cents, and 17 quarters are worth 425 cents.
That’s a total of 59 coins and 635 cents, or $6.35. Thus we have the
correct solution.
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7. In the solution, we address each step of the Requirements for Word Problem
Solutions.

1. Set up a Variable Dictionary. Let x be the number of pounds of cashews
used and let y be the number of pounds of raisins used.

2. Set up a System of Equations. The following table summarizes the infor-
mation given in the problem:

| Cost per pound | Amount (pounds) | Cost
cashews | $6.00 | x | 6.00x
raisins | $7.00 | Yy | 7. OOy
Totals | $6.42 | 50 | 6.42(50) = 321.00

At $6.00 per pound, = pounds of cashews cost 6.00x. At $7.00 per pound,
y pounds of raisins cost 7.00y. Finally, at $6.42 per pound, 50 pounds of
a mixture of cashews and raisins will cost $6.42(50), or $321.00.

The third column of the table gives us our first equation. The total
number of pounds of mixture is given by the following equation:

z+y=>50
The fourth column of the table gives us our second equation. The total
cost is the sum of the costs for purchasing the cashews and raisins.

6.00x + 7.00y = 321.00

Therefore, we have the following system of equations:

z+y =250
6.00z + 7.00y = 321.00

3. Solve the System. We can solve this system by substitution. Solve the
first equation for z.
r+y=2>50 First Equation.
z=50—-y Subtract y from both sides.

Next, substitute 50 — y for z in the second equation and solve for y.

6.00z 4+ 7.00y = 321.00 Second Equation.
6.00(50 — y) 4+ 7.00y = 321.00  Substitute 50 — y for x.
300.00 — 6.00y 4+ 7.00y = 321.00 Distribute the 6.00.
300.00 + 1.00y = 321.00 Combine like terms.
1.00y = 21.00  Subtract 300.00 from both sides.
y =21 Divide both sides by 1.00.

Thus, there are 21 pounds of raisins in the mix.
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4. Answer the Question. The question asks for both amounts, cashews and
raisins. Substitute 21 for y in the first equation and solve for x.

x4y =50 First Equation.
x4+ 21 =50 Substitute 21 for y.
=29 Subtract 21 from both sides.

Thus, there are 29 pounds of cashews in the mix.

5. Look Back. First, note that the amount of cashews and raisins in the
mix is 29 and 21 pounds respectively, so that the total mixture weighs 50
pounds as required. Let’s calculate the costs: for the cashews, 6.00(29),
or $174.00, for the raisins, 7.00(21), or $147.00.

| Cost per pound | Amount (pounds) | Cost
cashews | $6.00 | 29 | $174.00
raisins | $7.00 | 21 | $147.00
Totals | $6.42 | 50 | $321.00

Note that the total cost is $321.00, as required in the problem statement.
Thus, our solution is correct.

9. In the solution, we address each step of the Requirements for Word Problem
Solutions.

1. Set up a Variable Dictionary. Let D represent the number of dimes and
let @@ represent the number of quarters.

2. Set up a System of Equations. Using a table to summarize information is
a good strategy. In the first column, we list the type of coin. The second
column gives the number of each type of coin, and the third column
contains the value (in cents) of the number of coins in his pocket.

| Number of Coins | Value (in cents)

Dimes | D | 10D
Quarters | Q | 250
Totals | 38 | 545

Note that D times, valued at 10 cents apiece, are worth 10D cents. Sim-
ilarly, @ quarters, valued at 25 cents apiece, are worth 25 cents. Note
also how we’ve change $5.45 to 545 cents.
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The second column of the table gives us our first equation.
D+Q =38
The third column of the table gives us our second equation.

10D + 25Q = 545

3. Solve the System. Because both equations are in standard form Az+By =
C, we’ll use the elimination method to find a solution. Because the
question asks us to find the number of dimes in his pocket, we’ll focus on
eliminating the Q-terms and keeping the D-terms.

—-25D — 25Q = -950 Multiply first equation by —25.
10D + 25Q = 545 Second equation.
—15D = —405 Add the equations.

Dividing both sides of the last equation by —15 gives us D = 27.

4. Answer the Question. The previous solution tells us that Roberto has 27
dimes in his pocket.

5. Look Back. Again, summarizing results in a table might help us see if we
have the correct solution. First, because we’re told that Roberto has 38
coins in all, and we found that he had 27 dimes, this means that he must
have 11 quarters.

| Number of Coins | Value (in cents)

Dimes | 27 | 270
Quarters | 11 | 275
Totals | 38 | 545

27 dimes are worth 270 cents, and 11 quarters are worth 275 cents. That’s
a total of 38 coins and 545 cents, or $5.45. Thus we have the correct
solution.

11. In geometry, two angles that sum to 180° are called supplementary angles.
If the second of two supplementary angles is 40 degrees larger than 3 times the
first angle, find the degree measure of both angles.
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13. In the solution, we address each step of the Requirements for Word Problem
Solutions.

1. Set up a Variable Dictionary. Let C represent the amount invested in the
certificate of deposit and M represent the amount invested in the mutual
fund.

2. Set up a System of Equations. The following table summarizes the infor-
mation given in the problem:

| Rate | Amount invested | Interest

Certificate of Deposit | 3% | C | 0.03C
Mutual Fund | 5% | M | 0.05M
Totals | | 20,000 | 780

At 3%, the interest earned on a C dollars investment is found by taking
3% of C (i.e., 0.03C). Similarly, the interest earned on the mutual fund
is 0.05M.

The third column of the table gives us our first equation. The total
investment is $20,000.
C + M = 20000

The fourth column of the table gives us our second equation. The total
interest earned is the sum of the interest earned in each account.

0.03C' + 0.05M = 780

Therefore, we have the following system of equations:

C' + M = 20000
0.03C 4 0.06M = 780

3. Solve the System. We can solve this system by substitution. Solve the
first equation for C.

C + M = 20000 First Equation.
C = 20000 — M Subtract M from both sides.
Next, substitute 20000 — M for C' in the second equation and solve for

M.

0.03C' +0.05M =780  Second Equation.
0.03(20000 — M) + 0.05M =780  Substitute 20000 — M for C.
600 — 0.03M + 0.056M =780  Distribute the 0.03.
600 + 0.02M = 780 Combine like terms.
0.02M = 180 Subtract 600 from both sides.
M =9000 Divide both sides by 0.02.
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Thus, the amount invested in the mutual fund is M = $9, 000.

4. Answer the Question. The question asks us to find the amount invested
in each account. So, substitute 9000 for M in the first equation and solve

for C.
C + M = 20000 First Equation.
C' + 9000 = 20000 Substitute 9000 for M.
C = 11000 Subtract 9000 from both sides.

Thus, the amount invested in the certificate of deposit is $11, 000.

5. Look Back. First, note that the investments in the certificate of deposit
and the mutual fund, $11000 and $9000 respectively, total $20,000. Let’s
calculate the interest on each investment: 3% of $11000 is $330 and 5%
of $9000 is $450.

| Rate | Amount invested | Interest

Certificate of Deposit | 3% | 11,000 | 330
Mutual Fund | 5% | 9,000 | 450
Totals | | 20000 | 780

Note that the total interest is $780, as required in the problem statement.
Thus, our solution is correct.

15. In the solution, we address each step of the Requirements for Word Problem
Solutions.

1. Set up a Variable Dictionary. Our variable dictionary will take the form
of a diagram, naming the width and length W and L, respectively.

L

L

2. Set up a System of Equations. The perimeter is found by summing the
four sides of the rectangle.

P=L+W+L+W
P =2L+2W
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We’re told the perimeter is 376 centimeters, so we can substitute 376 for
P in the last equation.

376 = 2L 4+ 2W

We can simplify this equation by dividing both sides by 2, giving the
following result:
L+ W =188

Secondly, we're told that the “length is 12 centimeters less than three
times the width.” This translates to:

L=3W-12
Solve the System. As the last equation is already solved for L, let use

the substitution method and substitute 3W — 12 for L in the equation
L+ W =188.

L+ W =188 Perimeter equation.
(BW —12)+ W =188 Substitute 3W — 12 for L.
4W — 12 = 188 Combine like terms.
4W = 200 Add 12 to both sides.
W =50 Divide both sides by 4.

Answer the Question. The width is W = 50 centimeters. To find the
length, substitute 50 for W in the equation L = 3W — 12.

L=3W—-12 Length equation.

L =3(50) — 12 Substitute 50 for .
L=150—12 Multiply.

L =138 Subtract.

Thus, the length is L = 138 centimeters.

Look Back. Perhaps a picture, labeled with our answers might best
demonstrate that we have the correct solution. Remember, we found
that the width was 50 centimeters and the length was 138 centimeters.

138

50 50

138

Note that the perimeter is P = 138 + 50 + 138 + 50 = 376 centimeters.
Secondly, note that the length (138 centimeters) is 12 centimeters less
than three times the width. So we have the correct solution.
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Polynomials

5.1 Functions
1. Consider again the relation R.
R=A{(7,4), (2,4), (4,2), (8,5)}

To form the domain, we take the first element of each ordered pair and put it
into a set.
{7,2,4,8}

However, in listing the final answer, we should eliminate duplicate elements
and then sort the numbers in numerical order, from smallest to largest.

Domain = {2,4,7,8}

To find the range, we take the second element of each ordered pair and put it
in a set.
{47 45 27 5}

However, in listing the final answer, we should eliminate duplicate elements
and then sort the numbers in numerical order, from smallest to largest.

Range = {2,4,5}

3. Consider again the relation T.

T= {(77 2)) (3a 1)7 (974)a (87 1)}

To form the domain, we take the first element of each ordered pair and put it
into a set.
{7,3,9,8}
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However, in listing the final answer, we should eliminate duplicate elements
and then sort the numbers in numerical order, from smallest to largest.

Domain = {3,7,8,9}

To find the range, we take the second element of each ordered pair and put it
in a set.
{2,1,4,1}

However, in listing the final answer, we should eliminate duplicate elements
and then sort the numbers in numerical order, from smallest to largest.

Range = {1,2,4}

5. Consider again the relation T.
T= {(47 7)7 (47 8)7 (57 0)7 (Ov 7)}

To form the domain, we take the first element of each ordered pair and put it
into a set.
{4,4,5,0}

However, in listing the final answer, we should eliminate duplicate elements
and then sort the numbers in numerical order, from smallest to largest.

Domain = {0,4,5}

To find the range, we take the second element of each ordered pair and put it
in a set.

{7,8,0,7}
However, in listing the final answer, we should eliminate duplicate elements
and then sort the numbers in numerical order, from smallest to largest.

Range = {0,7,8}

7. Consider again the relation given graphically.
Y

5 iA
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Note the coordinates of each point: A = (2,4), B = (-2,2), C = (—2,—2), and
D = (2,—2). To form the domain, we take the first element of each ordered
pair and put it into a set.

{2,-2,-2,2}

However, in listing the final answer, we should eliminate duplicate elements
and then sort the numbers in numerical order, from smallest to largest.

Domain = {-2,2}

To find the range, we take the second element of each ordered pair and put it
in a set.
{4,2,-2,-2}

However, in listing the final answer, we should eliminate duplicate elements
and then sort the numbers in numerical order, from smallest to largest.

Range = {—2,2,4}

9. Consider again the relation given graphically.

Yy
5
B,
A
o
x
-5
—o o
C D
=5

Note the coordinates of each point: A = (1,2), B = (—1,4), C = (—4,—-2), and
D = (2,-2). To form the domain, we take the first element of each ordered
pair and put it into a set.

{1a _1a _4’ 2}
However, in listing the final answer, we should eliminate duplicate elements
and then sort the numbers in numerical order, from smallest to largest.

Domain = {—4,-1,1,2}

To find the range, we take the second element of each ordered pair and put it
in a set.
{2,4,-2,-2}
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However, in listing the final answer, we should eliminate duplicate elements
and then sort the numbers in numerical order, from smallest to largest.

Range = {—-2,2,4}

11. Consider again the relation.
R = {(_67 _4)7 (_47 _4)7 (L _4)}

List the elements of the domain on the left, the elements of the range on the
right, then use arrows to indicate the connection between the first and second
elements of each ordered pair.

R
—6 —4
A
1

Note that each domain element is paired with exactly one range element.
Hence, R is a function.

13. Consider again the relation.

T= {(_17 _7)7 (2a _5)a (47 _2)}

List the elements of the domain on the left, the elements of the range on the
right, then use arrows to indicate the connection between the first and second
elements of each ordered pair.

T
-1 -7
2 -5
4 -2

Note that each domain element is paired with exactly one range element.
Hence, T is a function.

15. Consider again the relation.

T= {(_95 1)7 (L 6)7 (L 8)}

List the elements of the domain on the left, the elements of the range on the
right, then use arrows to indicate the connection between the first and second
elements of each ordered pair.
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Note that the domain element 1 is paired with two range elements, 1 and 6.
Hence, the relation T is not a function.

17. Consider again the relation.
R= {(_75 _S)a (_75 _6)a (_55 0)}

List the elements of the domain on the left, the elements of the range on the
right, then use arrows to indicate the connection between the first and second
elements of each ordered pair.

Note that the domain element —7 is paired with two range elements, —8 and
—6. Hence, the relation R is not a function.

19. Consider again the relation.
Y
—5

—1 5
4 |

Create a mapping diagram for the points A = (1,2), B = (2,3), and C = (4,4).
List the elements of the domain on the left, the elements of the range on the
right, then use arrows to indicate the connection between the first and second
elements of each ordered pair.
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1l———2
22— 3
4 ——4

Note that each domain element is paired with exactly one range element.
Hence, the relation is a function.

21. Consider again the relation.

Y

)

—1 5
4 |

Create a mapping diagram for the points A = (1,1), B = (1,2), and C = (2,4).
List the elements of the domain on the left, the elements of the range on the
right, then use arrows to indicate the connection between the first and second
elements of each ordered pair.

2\:2

4

Note that the domain element 1 is paired with two range elements, 1 and 2.
Hence, the relation is not a function.

23. Given f(x) = |6z — 9], to evaluate f(8), first restate the function notation,
then replace each occurrence of the variable with open parentheses.

f(z) = |6z — 9| Original function notation.

fO)y=16()-9 Replace each occurrence of z with
open parentheses.
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Now substitute 8 for « in the open parentheses prepared in the last step.

f(8)=16(8) — 9 Substitute 8 for z in the open
parentheses positions.

f(8) =148 — 9| Multiply: 6(8) = 48.

£(8) =139 Simplify.

f(8) =39 Take absolute value.

Hence, f(8) = 39; i.e., f sends 8 to 39.

25. Given f(x) = —222+8, to evaluate f(3), first restate the function notation,
then replace each occurrence of the variable with open parentheses.

f(z)=—222+38
FO)=-2()"+8

Original function notation.

Replace each occurrence of x with
open parentheses.

Now substitute 3 for x in the open parentheses prepared in the last step.

f(3)=—-2(3)2+38 Substitute 3 for z in the open

parentheses positions.

f(3)=—-2(9) +8 Exponent first: (3)* =9

£(3) = —18+8 Multiply: —2(9) = —18
and 0(3) =0
f(3)=-10 Simplify.

Hence, f(3) = —10; i.e., f sends 3 to —10.

27. Given f(z) = —32% + 4x + 1, to evaluate f(2), first restate the function
notation, then replace each occurrence of the variable with open parentheses.

f(z) = =322 + 4o+ 1
FO)==30)+4()+1

Original function notation.

Replace each occurrence of z with
open parentheses.

Now substitute 2 for x in the open parentheses prepared in the last step.

f(2) = —3(2)2 +4(2)+1 Substitute 2 for x in the open

parentheses positions.
Exponent first: (2)? = 4

Multiply: —3(4) = —12
and 4(2) =8

Simplify.

F(2) = —3(4)+4(2) +1
f2)=-12+8+1

f(2)=-3
Hence, f(2) = —3; i.e., f sends 2 to —3.
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29. Given f(z) = |5z+9|, to evaluate f(—8), first restate the function notation,
then replace each occurrence of the variable with open parentheses.

flx) =52+ 9| Original function notation.

fO)y=15()+9| Replace each occurrence of x with
open parentheses.

Now substitute —8 for x in the open parentheses prepared in the last step.

f(—8) =5(—8) +9 Substitute —8 for z in the open
parentheses positions.

F(=8) =] — 40+ 9| Multiply: 5(—8) = —40.

f(=8)=1]-31] Simplify.

f(-8) =31 Take absolute value.

Hence, f(—8) = 31; i.e., f sends —8 to 31.

31. Given f(z) = vz — 6, to evaluate f(42), first restate the function notation,
then replace each occurrence of the variable with open parentheses.

flx)=vz—6 Original function notation.

fO)y=+()—-6 Replace each occurrence of x with
open parentheses.

Now substitute 42 for x in the open parentheses prepared in the last step.

f(42) = +/(42) — 6 Substitute 42 for x in the open
parentheses positions.

f(42) = V36 Simplify.

f(42) =6 Take square root: V36 = 6

Hence, f(42) = 6; i.e., f sends 42 to 6.

33. Given f(z) = vz — 7, to evaluate f(88), first restate the function notation,
then replace each occurrence of the variable with open parentheses.

flx)=va -1 Original function notation.

fOy=+v(0)-71 Replace each occurrence of x with
open parentheses.

Now substitute 88 for z in the open parentheses prepared in the last step.

f(88)=+/(88) -7 Substitute 88 for x in the open
parentheses positions.

f(88) =81 Simplify.

f(88)=9 Take square root: V81 =9

Second Edition: 2012-2013



5.1. FUNCTIONS 277

Hence, f(88) = 9; i.e., f sends 88 to 9.

35. Given f(x) = —4x+6, to evaluate f(8), first restate the function notation,
then replace each occurrence of the variable with open parentheses.

flz)=—-4x+6 Original function notation.

fO)y=-4( )+6 Replace each occurrence of x with
open parentheses.

Now substitute 8 for « in the open parentheses prepared in the last step.

f(8) =—-4(8)+6 Substitute 8 for z in the open
parentheses positions.

f(8)=-32+6 Multiply: —4(8) = —32

f(8)=-26 Add: —32+6=—-26

Hence, f(8) = —26; i.e., f sends 8 to —26.

37. Given f(x) = —6x+7, to evaluate f(8), first restate the function notation,
then replace each occurrence of the variable with open parentheses.

f(x)=—-6x+47 Original function notation.

f()y=—-6()+7 Replace each occurrence of z with
open parentheses.

Now substitute 8 for « in the open parentheses prepared in the last step.

f(8)=-6(8)+7 Substitute 8 for z in the open
parentheses positions.

f(8)=—-48+7 Multiply: —6(8) = —48

f(8)=—-41 Add: —48+7=—-41

Hence, f(8) = —41; i.e., f sends 8 to —41.

39. Given f(z) = —222 + 3z + 2 and g(z) = 322 + 5z — 5, to evaluate f(3),
first choose the function f, then replace each occurrence of the variable with
open parentheses.

f(z) = =222 + 32 +2 Original function notation.

FO)=—=2()*+3()+2 Replace each occurrence of x with
open parentheses.
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Now substitute 3 for « in the open parentheses prepared in the last step.

f(3)=—-2(3)2+3(3)+2 Substitute 3 for x in the open
parentheses positions.
f(3)=-2(9)+3(3)+2 Exponent first: (3)> =9
f(38)=-18+9+2 Multiply: —2(9) = —18
and 3(3) =9
f3)=-7 Simplify.

Hence, f(3) = —7; i.e., f sends 3 to —7. To evaluate g(3), repeat the same
procedure, this time using the function g.

g(z) =32 + 52 -5 Original function notation.

g( )=3()+5()-5 Replace each occurrence of x with
open parentheses.

Now substitute 3 for « in the open parentheses prepared in the last step.

9(3) = 3(3)2 +5(3)-5 Substitute 3 for x in the open
parentheses positions.
g(3)=3(9)+5(3) -5 Exponent first: (3)> =9
g(3)=27+15-5 Multiply: 3(9) = 27
and 5(3) =15
g(3) =37 Simplify.

Hence, ¢(3) = 37; i.e., g sends 3 to 37.

41. Given f(x) = 6z — 2 and g(z) = =8z + 9, to evaluate f(—7), first choose
the function f(z) = 6x — 2, then replace each occurrence of the variable with
open parentheses.

T — Original function notation.

( ) -2 Replace each occurrence of x with
open parentheses.

Now substitute —7 for = in the open parentheses prepared in the last step.

f(=7)=6(-7)—2 Substitute —7 for x in the open

parentheses positions.
f(=7)=—-42-2 Multiply: 6(—7) = —42
f(=7)=—-44 Simplify.
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Hence, f(—7) = —44; i.e., f sends —7 to —44. Now, repeat the procedure,
using the function g.

glx) =—-8z+9 Original function notation.

g( )=-8()+9 Replace each occurrence of x with
open parentheses.

Now substitute —7 for x in the open parentheses prepared in the last step.

g(=7)=-8(-7)+9 Substitute —7 for x in the open
parentheses positions.

g(=7)=564+9 Multiply: —8(—7) = 56

g(—7) =65 Simplify.

Hence, g(—7) = 65; i.e., g sends —7 to 65.

43. Given f(z) = 4z—3 and g(z) = —3x+38, to evaluate f(—3), first choose the
function f, then replace each occurrence of the variable with open parentheses.

z—3 Original function notation.
(

)—3 Replace each occurrence of x with
open parentheses.

Now substitute —3 for x in the open parentheses prepared in the last step.

f(=3)=4(-3) -3 Substitute —3 for x in the open

parentheses positions.
f(=3)=-12-3 Multiply: 4(—3) = —12
f(=3)=-15 Simplify.

Hence, f(—3) = —15; i.e., f sends —3 to —15. To evaluate g(—3), repeat the
same procedure, this time using the function g.

g(x) = -3z +38 Original function notation.

g( )==-3()+38 Replace each occurrence of x with
open parentheses.

Now substitute —3 for x in the open parentheses prepared in the last step.

g(—3)=-3(-3)+8 Substitute —3 for x in the open
parentheses positions.

g(—3)=9+38 Multiply: —3(—=3) =9

g(=3) =17 Simplify.

Hence, g(—3) = 17; i.e., g sends —3 to 17.
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45. Given f(r) = —222 +5x —9 and g(z) = —222 + 32 — 4, to evaluate g(—2),
first choose the function g, then replace each occurrence of the variable with
open parentheses.

g(x) = —22% + 32 — 4 Original function notation.

g()=—-2()?+3()-4 Replace each occurrence of x with
open parentheses.

Now substitute —2 for = in the open parentheses prepared in the last step.

g(—2) = —2(—=2) +3(—-2) —4  Substitute —2 for = in the open
parentheses positions.

g(—2)=-2(4)+3(-2) -4 Exponent first: (—2)% =4
g(—2)=-8-6-4 Multiply: —2(4) = —8
and 3(—2) = —6
g(—2)=-18 Simplify.
Hence, g(—2) = —18; i.e., g sends —2 to —18. To find f(—2), repeat the
procedure, this time using f.
f(z) = =222 + 52— 9 Original function notation.
fO)y==2()+5()-9 Replace each occurrence of z with

open parentheses.
Now substitute —2 for = in the open parentheses prepared in the last step.

f(=2) = —2(-2)2 +5(—2) =9  Substitute —2 for z in the open
parentheses positions.

f(=2)=-2(4)+5(-2) -9 Exponent first: (—2)? = 4
f(=2)=-8-10-9 Multiply: —2(4) = -8

and 5(—2) = —10
f(=2)=-=27 Simplify.

Hence, f(—2) = —27; i.e., f sends —2 to —27.

5.2 Polynomials

1. When a term is a product of a number and one or more variables, the number
in front of the variables is called the coefficient of the term. Consequently, the
coefficient of the term 3v°u® is 3.

The degree of a term is the sum of the exponents on each variable of the
term. Consequently, the degree of the term 3v5uS is:

Degree =5+ 6
=11
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3. When a term is a product of a number and one or more variables, the number
in front of the variables is called the coefficient of the term. Consequently, the
coefficient of the term —5v% is —5.

The degree of a term is the sum of the exponents on each variable of the
term. Consequently, the degree of the term —5v5 is 6.

5. When a term is a product of a number and one or more variables, the number
in front of the variables is called the coefficient of the term. Consequently, the
coefficient of the term 2u7z*d® is 2.

The degree of a term is the sum of the exponents on each variable of the
term. Consequently, the degree of the term 2u’z*d® is:

Degree =74+4+5
=16

7. The terms in an expression are separated by plus or minus signs. There is
only one term in the expression, so —7b°c? is a monomial.

9. The terms in an expression are separated by plus or minus signs. There are
exactly two terms in the expression, so 4u 4 7v is a binomial.

11. The terms in an expression are separated by plus or minus signs. There
are exactly three terms in the expression, so 3b* — 9bc + 9¢? is a trinomial.

13. The terms in an expression are separated by plus or minus signs. There
are exactly two terms in the expression, so 552 + 9¢7 is a binomial.

15. The terms in an expression are separated by plus or minus signs. There
are exactly three terms in the expression, so 2u® — 5uv — 4v? is a trinomial.

17. To arrange —2z7 — 9z'3 — 62'2 — 7217 in descending powers of , we must
begin with the term with the largest exponent, then the next largest exponent,
etc. Thus, arranging in descending powers, we arrive at:

—7217 — 9213 — 6212 — 227

19. To arrange 825 + 22'® — 32! — 222 in descending powers of z, we must
begin with the term with the largest exponent, then the next largest exponent,
etc. Thus, arranging in descending powers, we arrive at:

221° — 3211 4 828 — 222
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21. To arrange 7x'7 +32% — 2212+ 824 in ascending powers of x, we must begin
with the term with the smallest exponent, then the next smallest exponent,
etc. Thus, arranging in ascending powers, we arrive at:

3zt — 2212 + 814 4 7217

23. To arrange 22'2 4+ 328 + 827 + 52 in ascending powers of z, we must begin
with the term with the smallest exponent, then the next smallest exponent,
etc. Thus, arranging in ascending powers, we arrive at:

52% + 827 + 2213 + 3218

25. In order to arrange our answer in descending powers of x, we want to place
the term with the highest power of x first and the term with the lowest power
of = last. We use the commutative and associative properties to change the
order and regroup, then we combine like terms.

— 52+ 3 —62%+ 522 — 9z + 3 — 322 + 62°
= (=62° 4 623) + (522 — 322) + (—bx — 9z) + (3 +3)
=222 — 142+ 6

27. In order to arrange our answer in descending powers of x, we want to place
the term with the highest power of z first and the term with the lowest power
of x last. We use the commutative and associative properties to change the
order and regroup, then we combine like terms.

423 4+ 627 — 8x + 1+ 8z> — 72? + 52 — 8
= (42® 4 82%) + (622 — 72?) 4+ (—8x + 5z) + (1 — 8)

=1222 — 22> -32—-7

29. In order to arrange our answer in descending powers of x, we want to place
the term with the highest power of z first and the term with the lowest power
of = last. We use the commutative and associative properties to change the
order and regroup, then we combine like terms.

22492 —-34722—-3z-38
= (2% 4+ 72 + (92 — 3z) + (-3 - 8)
=822 + 6z — 11
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31. In order to arrange our answer in descending powers of z, we want to place
the term with the highest power of x first and the term with the lowest power
of x last. We use the commutative and associative properties to change the
order and regroup, then we combine like terms.

8z + 7+ 22 — 82 — 32° — 22
= (=32%) + (22% — 2%) + (8z — 82) + (7)
=32+ 22 +7

33. We’ll arrange our answer in descending powers of x, so we place the term
with the highest power of x first and the term with the lowest power of x last.
We use the commutative and associative properties to change the order and
regroup, then we combine like terms.

—8x% — 4xz — 222 — 327 — 8xz + 222
= (=827 — 32%) + (—4wz — 8x2) + (—22% + 22?)
= —112% — 1222

35. We’ll arrange our answer in descending powers of u, so we place the term
with the highest power of u first and the term with the lowest power of u last.
We use the commutative and associative properties to change the order and
regroup, then we combine like terms.

— 6u® + 4uv? — 20% — u® + 6u?v — buw®
= (=6u® — u®) + (6u?v) + (4uv? — Suv?) + (—20°%)

= —7u® + 6u?v — wv? — 203

37. We'll arrange our answer in descending powers of b, so we place the term
with the highest power of b first and the term with the lowest power of b last.
We use the commutative and associative properties to change the order and
regroup, then we combine like terms.

—4b%c — 3bc? — 5¢® + 9b° — 3b%¢ + 5bc?
= (9b°) + (—4b%c — 3b*c) + (—3bc® + 5bc?) + (—5c%)
=953 — 7h%c + 2bc? — 5¢3

39. We’ll arrange our answer in descending powers of y, so we place the term
with the highest power of y first and the term with the lowest power of y last.
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We use the commutative and associative properties to change the order and
regroup, then we combine like terms.

—8y? 4 6yz — 722 — 2y? — 3yz — 922
= (=8y? — 2y%) + (6yz — 3yz) + (=722 — 927)
= —10y* + 3yz — 162>

41. We'll arrange our answer in descending powers of b, so we place the term
with the highest power of b first and the term with the lowest power of b last.
We use the commutative and associative properties to change the order and
regroup, then we combine like terms.

Th%c + 8bc? — 6¢3 — 4b% + 9bc? — 663
= (—4b) + (Tb%c) + (8bc? + 9bc?) + (—6¢® — 6¢3)
= —4b® + Th%c + 17bc? — 1263

43. We’ll arrange our answer in descending powers of a, so we place the term
with the highest power of a first and the term with the lowest power of a last.
We use the commutative and associative properties to change the order and
regroup, then we combine like terms.

942 4 ac — 9¢* — 5a? — 2ac + 2¢2
= (9a® — 5a*) + (ac — 2ac) + (—9¢* + 2¢?)

=4a® — ac — 72

45. To help determine the degree, take the polynomial
32" +4 4 82® — 821!

and arrange it in descending powers of x:
—8x1% + 3215 + 823 +4

Thus, its now easy to see that the term —8x!? is the term with the highest
degree. Hence, the degree of —8z'? + 32 + 823 + 4 is 19.

47. To help determine the degree, take the polynomial
72" — 32" +92% — 6
and arrange it in descending powers of x:
-3z + 72'0 + 92" — 6
Thus, its now easy to see that the term —3x'® is the term with the highest

degree. Hence, the degree of —3z1® + 7210 4924 — 6 is 18.
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49. To help determine the degree, take the polynomial
—2— 27 — 525 + 210

and arrange it in descending powers of x:
210 — 2" — 525 — 2

Thus, its now easy to see that the term 2! is the term with the highest degree.
Hence, the degree of 2'© — 27 — 52° — 2 is 10.

51. Given f(x) = 52® + 422 — 6, to evaluate f(—1), first restate the function
notation, then replace each occurrence of the variable with open parentheses.

f(x) =52 +42% -6 Original function notation.

FO)=5()+4()* -6 Replace each occurrence of x with
open parentheses.

Now substitute —1 for = in the open parentheses prepared in the last step.

f(=1)=5(-1)> +4(-1)* -6 Substitute —1 for = in the open
parentheses positions.

f(=1)=5(-1) +4(1) — 6 Exponents first: (—1)% = —1
and (—1)? =1
f(=1)=-5+4-6 Multiply: 5(—1) = —5,
and 4(1) =4
f(=1)=-7 Simplify.

Hence, f(—1) = —7; i.e., f sends —1 to —7.

53. Given f(z) = 52* — 4z — 6, to evaluate f(—2), first restate the function
notation, then replace each occurrence of the variable with open parentheses.

f(x)=52* —4z -6 Original function notation.

fO)Y=5()"—4()-6 Replace each occurrence of  with
open parentheses.

Now substitute —2 for = in the open parentheses prepared in the last step.

f(=2) =5(-2)* —4(-2) -6 Substitute —2 for z in the open
parentheses positions.

f(=2) =5(16) —4(-2) -6 Exponents first: (—2)* = 16
f(=2)=80+8-6 Multiply: 5(16) = 80,

and —4(—2) =38
f(=2) =82 Simplify.

Hence, f(—2) = 82;i.e., f sends —2 to 82.

Second Edition: 2012-2013



286 CHAPTER 5. POLYNOMIALS

55. Given f(x) = 3z* + 523 — 9, to evaluate f(—2), first restate the function
notation, then replace each occurrence of the variable with open parentheses.

f(z) =32* +52% -9 Original function notation.

FO)=3)*+5()*-9 Replace each occurrence of z with
open parentheses.

Now substitute —2 for = in the open parentheses prepared in the last step.

f(=2) =3(-2)* +5(-2)> -9 Substitute —2 for = in the open
parentheses positions.

f(=2) =3(16) +5(-8) — 9 Exponents first: (—2)* = 16
and (—2)3 = -8
f(—2)=48-40-9 Multiply: 3(16) = 48,
and 5(—8) = —40
f(=2)=-1 Simplify.

Hence, f(—2) = —1; i.e., f sends —2 to —1.

57. Given f(x) = 32% — 522 + 8, to evaluate f(—1), first restate the function
notation, then replace each occurrence of the variable with open parentheses.

zt —5z? 4+ 8 Original function notation.

3
fO)Y=3()"=5()*+8 Replace each occurrence of x with
open parentheses.

Now substitute —1 for = in the open parentheses prepared in the last step.

f(=1)=3(-1)* = 5(-1)? +38 Substitute —1 for x in the open
parentheses positions.

f(—=1)=3(1) —5(1)+38 Exponents first: (—1)* =1
and (-1)* =1
F(-1)=3-5+8 Multiply: 3(1) = 3,
and —5(1) = =5
f(=1)=6 Simplify.

Hence, f(—1) = 6; i.e., f sends —1 to 6.

59. Given f(z) = —22° + 4z — 9, to evaluate f(2), first restate the function
notation, then replace each occurrence of the variable with open parentheses.

f(x) = =223 + 42— 9 Original function notation.

fO)y==2( )P +4()-9 Replace each occurrence of z with
open parentheses.
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Now substitute 2 for x in the open parentheses prepared in the last step.

f(2)=-2(2)> +4(2) -9 Substitute 2 for z in the open
parentheses positions.
f(2)=-2(8)+4(2) -9 Exponents first: (2)* =8
f(2)=-16+8-9 Multiply: —2(8) = —16,
and 4(2) = 8
f(2)=-17 Simplify.

Hence, f(2) = —17; i.e., f sends 2 to —17.

61. Enter the equation p(z) = —2x2 + 8z + 32 into Y1 in the Y= menu, then
select 6:ZStandard to produce the following image.

Flotl Flotz Flots
R = Rl e gt et K

2
-Yz=1
M=
wMy=
wHe=
“ME=

Because the coefficient of the leading term is —2, the parabola opens down-
ward. Hence, the vertex must lie off the top of the screen. After some experi-
mentation, we settled on the following WINDOW parameters, then pushed the
GRAPH button to produce the accompanying graph.

W T MO

amin=-14
amax=16
wmecl=1

Ymin=-5A

Ymax=2d

Y=czl=168
Lrres=1

Follow the Calculator Submission Guidelines in reporting the answer on
our homework.
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504 p(x) = —22% + 8z + 32

—10 10

—50

63. Enter the equation p(z) = 32> — 8z — 35 into Y1 in the Y= menu, then
select 6:ZStandard to produce the following image.

Flotl Flotz Flat:
WM B3R E-BkE 30

-Yz=1
M=
wMy=
wHe=
“ME=

Because the coefficient of the leading term is 3, the parabola opens upward.
Hence, the vertex must lie off the bottom of the screen. After some experi-
mentation, we settled on the following WINDOW parameters, then pushed the
GRAPH button to produce the accompanying graph.

WIHDOL
amin=-14
amax=16
wmecl=1

Ymin=-5A
Ymax=2d
Y=czl=168

Lrpres=1

Follow the Calculator Submission Guidelines in reporting the answer on
our homework.
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50

—10 10

p(x) = 32? — 8x — 35

-50

65. Enter the function p(z) = 2® — 422 — 11z + 30 in the Y= menu (see
first image below), then set the given WINDOW parameters (see second image
below). Push the GRAPH button to produce the graph (see third image below).

Flotl Flatz Flots W IHOOL
wh B S 211 #min=-1A8
#*H+30 Bmax=1A
Hﬁz: §5;1=15E1 h_d
ey E= miln="
=My= Ymax=58
“Ne= Yacl=14
= LEres=1

Use the Calculator Submission Guidelines when reporting your solution.

1. Draw axes with a

ruler. Yp(z) = 2° — 42 — 11z + 40
50
2. Label the horizontal

axis x and the
vertical axis y.

3. Indicate the
WINDOW

parameters Xmin, -10 \/ 10 ’
Xmax, Ymin, and

Ymax, at the end of
each axis.

4. Freehand the curve
and label it with its —50
equation.

67. Enter the function p(z) = z* — 1023 + 250z — 525 in the Y= menu (see
first image below), then set the given WINDOW parameters (see second image
below). Push the GRAPH button to produce the graph (see third image below).
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Flotl Flotz Flats
M EE -1 B34
kR 2+ AR D20
e |
wMr=
~Ny=
“Me=
“Me=

W IHDO
Amin=-18
Hmaxfiﬁ

Ldrez=1

I

Use the Calculator Submission Guidelines when reporting your solution.

1. Draw axes with a
ruler.

2. Label the horizontal
axis x and the
vertical axis .

3. Indicate the
WINDOW
parameters Xmin,
Xmax, Ymin, and
Ymax, at the end of
each axis.

4. Freehand the curve
and label it with its
equation.

5.3 Applications of Polynomials

p(x) = a* — 102® — 42 + 250z — 525
y

500

—10

10

—1000

1. To find the firm’s revenue when it spends $10,000 on advertising, locate 10
on the horizontal axis (the horizontal axis is measured in thousands of dollars),
draw a vertical arrow to the curve, then a horizontal arrow to the vertical axis.
It appears that this last arrow points at a number between 7,400 and 7,500 on
the vertical axis. We’ll guess 7,450. Because the vertical axis is measured in
thousands of dollars, the firm’s revenue is approximately $7,450,000.
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R (thousands of dollars)

8,500

8,000

7,500 +

7,000

6,500

6,000 2 (thousands of dollars)
0 5 10 15 20 25 30
To use the polynomial to find the firm’s revenue, substitute 10 for z.

R(z) = —4.12% + 166.8x + 6196
R(10) = —4.1(10)* + 166.8(10) + 6196

Using a calculator, we estimate:

R(1) ~ 7454

Hence, when the firm invests $10,000 in advertising, their revenue is approxi-
mately $7,454,000.

3. To find the concentration of medication in the patient’s blood after 2 hours,
locate the number 2 on the horizontal axis, draw a vertical arrow to the graph,
then a horizontal arrow to the vertical axis. It appears that this last arrow
points at a number slightly above 60 mg/L. We’ll guess 63 mg/L.
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C (mg/L)

100

80 VAN
o/
olf \

0 t (Hours)
0 1 2 3

A

To use the polynomial to find the medication concentration after 2 hours,
substitute 2 for ¢ in the given polynomial.

C(t) = —56.214¢% + 139.31t + 9.35
C(2) = —56.214(2)2 + 139.31(2) + 9.35

Using a calculator, we estimate:
N(3) =~ 63

Hence, the concentration of medication in the patient’s blood after 2 hours is
approximately 63 mg/L.

5. The projectile’s height above ground is given by the formula

1 9
y=y0+v0t—§gt,

where the initial height is 75 meters, the initial velocity is vy = 457 meters per
second, and the acceleration due to gravity is ¢ = 9.8 meters per second per
second. We're asked to find when the object first reaches a height of y = 6592
meters. Substituting these numbers, the formula becomes

1
6592 = 75 + 457t — 5(9.8)152,

or equivalently,

6592 = 75 + 457t — 4.9¢°.
Load each side of this equation into the Y= menu of your graphing calculator,
then set the WINDOW parameters as follows: Xmin=0, Xmax=100, Ymin=0,
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and Ymax=10800. Push the GRAPH button to produce the graph, then use
the 5:intersect tool from the CALC menu to find the first time the height of
the object reaches 6592 meters. Report the results on your homework as shown
in the following graph.

Yy 2
— 75 + 45Tt — 4.9t
10,800 Y
:/\
. y = 6592
1
:
1
0 s ¢
0 176 100

Hence, the projectile first reaches a height of 6592 meters at approximately
17.6 seconds.

7. The projectile’s height above ground is given by the formula

L o
Y = Yo+ vt — 5917
where the initial height is 58 meters, the initial velocity is vg = 229 meters per
second, and the acceleration due to gravity is g = 9.8 meters per second per
second. We're asked to find when the object first reaches a height of y = 1374
meters. Substituting these numbers, the formula becomes

1
1374 = 58 4 229t — 5(9.8)152,

or equivalently,

1374 = 58 + 229¢ — 4.9¢2.

Load each side of this equation into the Y= menu of your graphing calculator,
then set the WINDOW parameters as follows: Xmin=0, Xmax=50, Ymin=0,
and Ymax=2800. Push the GRAPH button to produce the graph, then use
the 5:intersect tool from the CALC menu to find the first time the height of
the object reaches 1374 meters. Report the results on your homework as shown
in the following graph.
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. o 2
2,800 y = 58 + 229t — 4.9¢

y = 1374

0

t
0 6.7 50

Hence, the projectile first reaches a height of 1374 meters at approximately 6.7
seconds.

9. To find the zero of f(x) = 3.25z — 4.875 algebraically, set f(z) = 0 and
solve for x.

flz)=0 We want the value of x that makes
the function equal to zero.
3.250 —4.875=0 Replace f(x) with 3.252 — 4.875.

Now, solve for x.

3.25x = 4.875 Add 4.875 to both sides.
3.250 _ 4.875 Divide both sides by 3.25.
3.25 3.25

r=15 Simplify.

Hence, 1.5 is a zero of f(z) = 3.25z — 4.875. Next, load the function into the
Y= menu, select 6:ZStandard from the ZOOM menu, then use the utility
2:zero from the CALC menu to find the zero of the function.

Flokl Flatz Flots

wEFL 25%kn—-4 . 875 i ;ff
~ez=0l

W=
why=

wWe=
~Me=

K
ikt Y=
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Next, use the Calculator Submission Guidelines when crafting the following
report on your homework paper. Draw a dashed vertical line through the x-
intercept and label it with its coordinates.

10

-10 10

-10

Note how the graphical solution agrees with the algebraic solution.

11. To find the zero of f(x) = 3.9 — 1.5z algebraically, set f(x) = 0 and solve
for x.

flx)=0 We want the value of & that makes
the function equal to zero.
39—-15z=0 Replace f(x) with 3.9 — 1.5z.

Now, solve for x.

—1.52=-3.9 Subtract 3.9 from both sides.
—1.5x -39

= — Divi h sides —1.5.
s 15 ivide both sides by 5

z =26 Simplify.
Hence, 2.6 is a zero of f(x) = 3.9 — 1.5z. Next, load the function into the Y=

menu, select 6:ZStandard from the ZOOM menu, then use the utility 2:zero
from the CALC menu to find the zero of the function.
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~Vz=l
wWr=
wWy=
“Ne=
“NeE=
wWe=

Flokl Flokz Flots
sME3. 91, S

Next, use the Calculator Submission Guidelines when crafting the following
report on your homework paper. Draw a dashed vertical line through the z-

intercept and label it with its coordinates.

f 10

Y

—10

—10

Note how the graphical solution agrees with the algebraic solution.

13. The projectile’s height above ground is given by the formula

1 2
Y = Yo + vot — - gt~,

where the initial height is 52 meters, the initial velocity is vy = 203 meters per
second, and the acceleration due to gravity is g = 9.8 meters per second per
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second. Substituting these numbers, the formula becomes
1 2
y =952+ 203t — 5(9.8)15 ,

or equivalently,
y = 52+ 203t — 4.9t%.

We're asked to find the time it takes the projectile to return to ground level.
When this happens, its height y above ground level will equal zero. Substitute
0 for y in the last equation.

0 = 52 + 203t — 4.9¢.

Load the right-hand side of this equation into the Y= menu of your graphing
calculator, then set the WINDOW parameters as follows: Xmin=0, Xmax=50,
Ymin=0, and Ymax=2200. Push the GRAPH button to produce the graph,
then use the 2:zero tool from the CALC menu to find where the graph of
f crosses the z-axis. Report the results on your homework as shown in the
following graph.

y(meters)
2,200

y = 52 + 203t — 4.9¢*

t(seconds)
0 41.7 50

Hence, the projectile reaches ground level at approximately 41.7 seconds.

15. The projectile’s height above ground is given by the formula

1 5
y=y0+v0t—§gt,

where the initial height is 52 meters, the initial velocity is vg = 276 meters per
second, and the acceleration due to gravity is g = 9.8 meters per second per
second. Substituting these numbers, the formula becomes

1
y = 52+ 276t — 5(9.8)752,

or equivalently,
y = 52 + 276t — 4.9t2.
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We're asked to find the time it takes the projectile to return to ground level.
When this happens, its height y above ground level will equal zero. Substitute
0 for y in the last equation.

0 = 52 + 276t — 4.9¢2.

Load the right-hand side of this equation into the Y= menu of your graphing
calculator, then set the WINDOW parameters as follows: Xmin=0, Xmax=60,
Ymin=0, and Ymax=4000. Push the GRAPH button to produce the graph,
then use the 2:zero tool from the CALC menu to find where the graph of
f crosses the z-axis. Report the results on your homework as shown in the
following graph.

y(meters)
4,000

y = 52 + 276t — 4.9¢°

0 t(seconds)

0 56.5 60

Hence, the projectile reaches ground level at approximately 56.5 seconds.

5.4 Adding and Subtracting Polynomials

1. Let’s arrange our answer in descending powers of r by listing the highest
powers of r first, then the next highest, and so on. Use the commutative and
associative properties to change the order and regroup. Then combine like
terms.

(=872t + Trt? + 3t%) + (9r® + 2rt* + 4¢%)
= (973) 4+ (=8r%t) + (Trt* 4 2rt?) + (3t> + 41°)
=993 — 8r?t + 9rt? + 7t°

3. Let’s arrange our answer in descending powers of x by listing the highest
powers of x first, then the next highest, and so on. Use the commutative and
associative properties to change the order and regroup. Then combine like
terms.

(72 — 62 — 9) + (82% + 10z + 9)
= (72% + 82°) + (=6 + 10z) + (=94 9)
= 1522 + 4a
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5. Let’s arrange our answer in descending powers of r by listing the highest
powers of r first, then the next highest, and so on. Use the commutative and
associative properties to change the order and regroup. Then combine like
terms.

(—2r% + Trs + 4s%) + (=9r% + Trs — 25%)
= (=2r2 — 9r%) + (Trs + Trs) + (4s% — 25?)
= —1172 + 14rs + 25>

7. Let’s arrange our answer in descending powers of y by listing the highest
powers of y first, then the next highest, and so on. Use the commutative and
associative properties to change the order and regroup. Then combine like
terms.

(=8y> — 3%z — 62°) + (=3y° + Ty°2 — 9y2?)
= (=8y® — 3y%) + (=3y%z + Ty?2) + (—9y2?) + (—62%)
= —11y3 + 4y%2 — 9y2? — 623

9. Negating a polynomial is accomplished by reversing the sign of each term
of the polynomial. Thus,

—(5x? —4) = —5a? + 4

11. Negating a polynomial is accomplished by reversing the sign of each term
of the polynomial. Thus,

—(9r% — 4r?t — 3rt? + 4t%) = —9r3 4+ 42t + 3rt? — 4t3

13. Negating a polynomial is accomplished by reversing the sign of each term
of the polynomial. Thus,

—(=52% 4 9zy + 6y*) = 522 — 9y — 63>

15. To arrange the answer in descending powers of u, place the highest power
of wu first, then the next highest, and so on. First, distribute the minus sign,
changing the sign of each term of the second polynomial.

(—u® — 4uPw + Tw?®) — (v¥w + uw? + 3w®)

2

= —u® — 4w + Tw? — vPw — ww? = 3uw?

Now use the commutative and associative properties to change the order and
regroup. Combine like terms.

= (—u?) + (—4v*w — vPw) + (—uw?) + (Tw® — 3uw?)

= —u® — 5uw — uw? + 4w®
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17. To arrange the answer in descending powers of y, place the highest power
of y first, then the next highest, and so on. First, distribute the minus sign,
changing the sign of each term of the second polynomial.

(2y% — 2y%2 + 32%) — (—=8y> + by2? — 32%)
=2y° — 2y%2 + 323 + 83 — By2? + 323

Now use the commutative and associative properties to change the order and
regroup. Combine like terms.

= (20 + 8y%) + (—2y%2) + (—by2?) + (32° + 32%)
= 10y® — 29%2 — 5y2% + 623

19. To arrange the answer in descending powers of r, place the highest power
of r first, then the next highest, and so on. First, distribute the minus sign,
changing the sign of each term of the second polynomial.

(—=7r? — 9rs — 25%) — (=81 — Trs + 9s?)
= —7r? — 9rs — 252 + 82 + Trs — 952
Now use the commutative and associative properties to change the order and
regroup. Combine like terms.

= (=7r% +8r%) + (=9rs + Trs) + (—2s? — 95%)

=72 —2rs — 115>

21. To arrange the answer in descending powers of x, place the highest power
of x first, then the next highest, and so on. First, distribute the minus sign,
changing the sign of each term of the second polynomial.

(102 4 22 — 6) — (=827 + 14a + 17)
=102% + 22 — 6 + 822 — 142 — 17

Now use the commutative and associative properties to change the order and
regroup. Combine like terms.

= (102? + 82%) + (2x — 14x) + (—6 — 17)
=182% — 122 — 23
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23. To arrange our answer in descending powers of x, we need to first list
the highest power of z, then the next highest power, and so on. Use the
commutative and associative properties to change the order and regroup. Then
combine like terms.

f(@) +9(z) = (22" + 92+ 7) + (82° — 72”4 5)
= (82%) + (=222 — 72®) 4+ (9z) + (T +5)
=8x% — 922 + 92 + 12

25. To arrange our answer in descending powers of x, we need to first list
the highest power of z, then the next highest power, and so on. Use the
commutative and associative properties to change the order and regroup. Then
combine like terms.

f(x) + g(x) = (52° — 52® + 8x) + (72® — 2z — 9)
= (52%) + (=527 + T2?) + (8 — 2z) + (~9)
= 52% + 22 + 62— 9

27. To arrange our answer in descending powers of x, we need to first list
the highest power of x, then the next highest power, and so on. Use the
commutative and associative properties to change the order and regroup. Then
combine like terms.

f(z) 4+ g(z) = (=32% — 82 — 9) + (522 — 4x + 4)
= (=322 + 52?) + (—8z — 4x) + (=9 + 4)
=22" - 122 -5

29. To arrange our answer in descending powers of x, we need to first list
the highest power of x, then the next highest power, and so on. Use the
commutative and associative properties to change the order and regroup. Then
combine like terms.

f(x) = g(z) = (—62° — Tw +7) — (-32° — 32° — 8x)
= —62° — 7o+ 7+ 32° + 327 + 8z
= (62> + 32%) + (32%) + (=Tz + 8z) + (7)
=323 +322+x+7
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31. To arrange the answer in descending powers of x, place the highest power
of x first, then the next highest, and so on. First, distribute the minus sign,
changing the sign of each term of the second polynomial.

f(x) = g(x) = (122° — 5 +4) — (82 — 162 — 7)
— 1222 —5x+4— 822+ 160+ 7

Now use the commutative and associative properties to change the order and
regroup. Combine like terms.

= (120% — 82%) + (=52 + 16x) + (4 +7)
=42% + 11z + 11

33. To arrange our answer in descending powers of x, we need to first list

the highest power of x, then the next highest power, and so on. Use the

commutative and associative properties to change the order and regroup. Then

combine like terms.
f(2) = g(@) = (~32° — 42+ 2) — (~42® — Ta® + 6)

=32 —do+2+42° + 722 -6

(—32° 4 423) + (7T2?) + (—4x) + (2 — 6)

=234 722 — 4z —4

35. The two shaded squares in have areas A; = 22 and Az = 25, respectively.
The two unshaded rectangles have areas Ay = 5x and A4 = 5.

T 5

5 A2:5l‘ A3=255

z 5
Summing these four areas gives us the area of the entire figure.

A=A1+A+ A3+ Ay
=22 +5x+ 25+ 5z
=22+ 10z + 25
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37. The profit made from selling x wicker baskets is found by subtracting the
costs incurred from the revenue received. In symbols:

Next, replace R(x) and C(x) with their definitions. Because we are supposed
to subtract all of the cost from the revenue, be sure to surround the cost
polynomial with parentheses.

P(x) = 33.45x — (232 + Tz — 0.008527)
Distribute the minus sign and combine like terms.

= 33.452 — 232 — 7z + 0.008522
= —232 + 26.45z + 0.008522

Thus, the profit function is P(x) = —232 + 26.45x + 0.0085z2. Next, to deter-
mine the profit if 233 wicker baskets are sold, subsitute 233 for x in the profit
function P(z).

P(x) = —232 + 26.45z + 0.00852>
P(233) = —232 + 26.45(233) + 0.0085(233)?

You can now use your graphing calculator to determine the profit.

P(233) = 6392.3065

Rounding to the nearest cent, the profit is $6,392.31.

5.5 Laws of Exponents

1. The exponent tells us how many times to write the base as a factor.

(—4)3 = (—4)(—4)(—4) Write —4 as a factor 3 times.
= —64 Multiply.

3. If you raise any number (other than zero) to the zero power, the answer is
1.

Second Edition: 2012-2013



304 CHAPTER 5. POLYNOMIALS

5. The exponent tells us how many times to write the base as a factor.

4\? 4 4
<_§) = <—§) <_§) Write —4/3 as a factor 2 times.

16
=3 Multiply.

7. If you raise any number (other than zero) to the zero power, the answer is
1.
(-19)° =1

m—+n

9. When multiplying like bases, use the law a™a"™ = a . That is, repeat

the base and add the exponents.

(Tv — 6w)™® - (T — 6w)'" = (Tv — 6w)*® ™7 Repeat the base, add the exponents.
= (Tv — 6w)* Simplify: 18 +17 = 35

11. When multiplying like bases, use the law a™a™ = a™*". That is, repeat
the base and add the exponents.

31.30 = 34+0 Repeat the base, add the exponents.
=34 Simplify: 4 +0=14

If you wish, you can use your calculator to compute 3* = 81. However, report-
ing the answer in exponential form 3% is far easier.

13. When multiplying like bases, use the law a™a™ = a™*". That is, repeat
the base and add the exponents.

4. 437 +3 — g (n)+(Ent3) Repeat the base, add the exponents.
= 4(n+8n)+(3) Group like terms.
= 493 Simplify.

15. When multiplying like bases, use the law a™a™ = a™*". That is, repeat
the base and add the exponents.

Repeat the base, add the exponents.
=M Simplify: 8 +3 =11
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17. When multiplying like bases, use the law a™a™ = a™*". That is, repeat
the base and add the exponents.

25.93 = 2513 Repeat the base, add the exponents.

=28 Simplify: 5+3 =8
If you wish, you can use your calculator to compute 28 = 256. However,
reporting the answer in exponential form 28 is far easier.

19. When dividing like bases, use the law a”/a™ = a™~™. That is, repeat the
base and subtract the exponents.

416
16 = 416-16 Repeat the base, subtract the exponents.
=40 Simplify: 16 — 16 = 0

=1 Any number (except zero) to the
zero power equals 1.

Hence, 416/416 = 1.

21. When dividing like bases, use the law a/a™ = ™~ ™. That is, repeat the
base and subtract the exponents.

— =w Repeat the base, subtract the exponents.

=w! Simplify: 11 -7=14

23. When dividing like bases, use the law a"/a™ = o™~ ™. That is, repeat the
base and subtract the exponents.

(9a — 8¢c)' 15—8
W = (9a — 8¢) Repeat the base, subtract the exponents.

= (9a — 8¢)” Simplify: 156 -8 =17

25. When dividing like bases, use the law a"/a™ = o™~ ™. That is, repeat the
base and subtract the exponents.

29n+5
_ 2(9n+5)7(3n74)

53n 1 Repeat the base, subtract the exponents.

= 29n+5-3n+4 Distribute minus sign.

= 2(9n=3n)+(5+4) Group like terms.

= 26n+9 Simplify.
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27. When dividing like bases, use the law o /a™ = ™~ ™. That is, repeat the
base and subtract the exponents.

4_17 — 417—9

Ve Repeat the base, subtract the exponents.

=48 Simplify: 17 -9 =8

If you wish, you can use your calculator to compute 4% = 65536. However,
reporting the answer in exponential form 48 is far easier.

29. When raising a power to a power, use the law (a™)™ = a™". That is,
repeat the base and multiply the exponents.

(48’"_6)7 = 47(8m=6) Repeat the base, multiply the exponents.
= 456m—42 Distribute 7.

31. When raising a power to a power, use the law (a™)™ = a™". That is,
repeat the base and multiply the exponents.

[(9x + 5y)3} [ (9z + 5y)(3)(7) Repeat the base, multiply the exponents.
= (9z + 5y)* Simplify: (3)(7) = 21

33. When raising a power to a power, use the law (a™)™ = a™". That is,
repeat the base and multiply the exponents.

(43)2 =403 Repeat the base, multiply the exponents.
=45 Simplify: (3)(2) =6

If you wish, you can use your calculator to compute 45 = 4096. However,
reporting the answer in exponential form 46 is far easier.

35. When raising a power to a power, use the law (a™)™ = a™". That is,
repeat the base and multiply the exponents.

(04)7 =D Repeat the base, multiply the exponents.
=c*® Simplify: (4)(7) = 28
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37. When raising a power to a power, use the law (a™)™ = a™". That is,

repeat the base and multiply the exponents.

(62)0 =632 Repeat the base, multiply the exponents.
=6° Simplify: (2)(0) =0
=1 Any number (except zero) raised to

the zero power is 1.

Hence, (62)0 =1.

39. When raising a product to a power, use the law (ab)™ = a™b". That is,
raise each factor to the n.

5

(uw)® = uPw Raise each factor to the 5.

41. When raising a product to a power, use the law (ab)™ = a™b". That is,
raise each factor to the n.

(—2y)% = (—2)3(y)? Raise each factor to the 3.
= —8y° Simplify: (—2)® = —8

43. When raising a product to a power, use the law (ab)” = a™b". That is,
raise each factor to the n.

(Bw”)?* = (3)*(w?)* Raise each factor to the 4.
= 81w3° Simplify: (3)* = 81 and (w?)* = w3°

45. When raising a product to a power, use the law (ab)™ = a™b"™. That is,
raise each factor to the n.

(=32%y*)* = (=3)"(z®)* (v*)* Raise each factor to the 4.
= 8123%8 Simplify: (—3)* = 81, (28)* = 232,
and (y°)* =4

47. When raising a product to a power, use the law (ab)™ = a™b". That is,
raise each factor to the n.

(755)3 = (7)3(s5™)3 Raise each factor to the 3.
= 343" Simplify: (7)® = 343, (s7)% = s'®"
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49. When raising a quotient to a power, use the law (a/b)" = a™/b™. That is,
raise both numerator and denominator to the n.

v\3 3
(—) =3 Raise numerator and denominator
2 2 to the third power.
v3 :
=3 Simplify: (2)® =8

51. When raising a quotient to a power, use the law (a/b)™ = a™/b™. That is,
raise both numerator and denominator to the n. When you raise a negative
fraction to an even power, the answer is positive.

2\? 22
(——) =— Raise numerator and denominator
U U
to the second power.
4 . . 9
=2 Simplify: (2)° =4

53. When raising a quotient to a power, use the law (a/b)™ = a™/b™. That is,
raise both numerator and denominator to the n. When you raise a negative
fraction to an even power, the answer is positive.

S\ ()]
<—€> = 5 Raise numerator and denominator
to the fourth power.
r? : 8\4 32 4
= 3 Simplify: (r*)" =7 and (5)* = 625

55. When raising a quotient to a power, use the law (a/b)™ = a™/b"™. That is,
raise both numerator and denominator to the n.

5\* 5
<—9> = Raise numerator and denominator
c
(c?) to the fourth power.
625
= Simplity: (5)* = 625 and (*)" = ¢*
c

57. When raising a quotient to a power, use the law (a/b)™ = a™/b"™. That is,
raise both numerator and denominator to the n.

57 52
( T) = Raise numerator and denominator
u U

(u'?) to the second power.

2
_ 2 Simplify: (5)? = 25 and (u12)2 =u*
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5.6 Multiplying Polynomials

1. Use the commutative and associative properties to change the order and
regroup.

=3(7r) = [(=3)(7)]r Reorder. Regroup.
= —21r Multiply: (—=3)(7) = —21

3. Use the commutative and associative properties to change the order and
regroup.

(—96%)(—8b%) = [(—9)(—8)](b°°)  Reorder. Regroup.
=720’ Multiply: (—9)(—8) = 72, v*b° = b°.

5. Use the commutative and associative properties to change the order and
regroup.

(—=7r%th) (Tr°t?)
= [(=7)(7)](2r) (t*1?) Reorder. Regroup.
= —49r7¢5 Multiply: (=7)(7) = —49, r*° =+7,

and t*¢2 = ¢°

7. Use the commutative and associative properties to change the order and
regroup.

(—=5b%c?)(—8b*ct)
= [(=5)(=8)](6*b*)(c°c*)  Reorder. Regroup.
= 406813 Multiply: (—5)(—8) = 40, b?b* = b5,

and ?¢* = 13

9. Use the commutative and associative properties to change the order and
regroup.

(—8v%)(4v*) = [(=8)(4)](v*v*)  Reorder. Regroup.
= 3207 Multiply: (—8)(4) = —32, v*v* =",
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11. We need to first distribute the 9 times each term of the polynomial. Then
we multiply the resulting monomials mentally.

9(—2b% + 2b + 9) = 9(—2b%) + 9(2b) + 9(9)
= —18b% + 18b + 81
Alternate solution. Note that it is more efficient to distribute 9 times each
term of —2b% + 2b + 9, performing the calculations mentally as you go.

9(—2b% 4+ 2b + 9) = —18b + 18b 4 81

13. We need to first distribute the —4 times each term of the polynomial.
Then we multiply the resulting monomials mentally.

—4(10t% — Tt — 6) = —4(10t%) — (—4)(7t) — (—4)(6)
= —40t? — (—28t) — (—24)
= —40t> + 28t + 24
Alternate solution. Note that it is more efficient to distribute —4 times each
term of 10t2 — 7t — 6, performing the calculations mentally as you go.

—4(10t* — Tt — 6) = —40t> + 28t + 24

15. We need to first distribute the —8u? times each term of the polynomial.
Then we multiply the resulting monomials mentally.

— 8u?(—7u® — 8u? — 2u + 10)
= —8u?(—Tu?) — (—8u?)(8u?) — (—8u?)(2u) + (—8u?)(10)
= 56u’ — (—64u*) — (=16u>) + (—80u?)
= 56u® + 64u* + 16u> — 80u>
Alternate solution. Note that it is more efficient to distribute —8u? times

each term of —7u? — 8u? — 2u + 10, performing the calculations mentally as
you go.

—8u?(—7u® — 8u? — 2u + 10) = 56u° + 64u* + 16u>® — 80u?

17. We need to first distribute the 10s? times each term of the polynomial.
Then we multiply the resulting monomials mentally.

105%(—10s% 4 25% 4 25 + 8) = 105*(—105%) + 105%(25?) 4+ 105(2s) + 10s(8)
= —100s° 4 20s* + 20s® 4 80s?

Alternate solution. Note that it is more efficient to distribute 10s? times
each term of —10s% 4 252 + 25 + 8, performing the calculations mentally as you

go.
1052(_1053 4952+ 25+ 8) = —100s° + 20s* + 205> + 805>
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19. We need to first distribute the 2st times each term of the polynomial.
Then we multiply the resulting monomials mentally.

2st(—4s% + 8st — 10t?) = 2st(—4s?) + 2st(8st) — 2st(10t?)
= —853t + 165°t% — 20st>
Alternate solution. Note that it is more efficient to distribute 2 times each

term of —4s% 4 8st — 10t2, performing the calculations mentally as you go.

2st(—4s% + 8st — 10t?) = —8st + 165%t? — 20st®

21. We need to first distribute the —2uw times each term of the polynomial.
Then we multiply the resulting monomials mentally.

—2uw(10u? — Tuw — 2w?) = —2uw(10u?) — (—2uw)(Tuw) — (—2uw)(2w?)
= —20uw — (—14uw?) — (—duw?)

= —20uw + 14u’w? + duw?®

Alternate solution. Note that it is more efficient to distribute —2 times each
term of 10u? — Tuw — 2w?, performing the calculations mentally as you go.

—2uw(10u? — Tuw — 2w?) = —20u3w + 14u*w? + duw?

23. Let’s imagine that (=92 — 4)(—3z + 2) has the form (b + ¢)a and multiply
—3x + 2 times both terms of —9z — 4.

(=92 —4)(—=3x 4+ 2) = —92(—-3x 4+ 2) —4(-3x +2)
Now we distribute monomials times polynomials, then combine like terms.

=9272% — 18z + 122 — 8
= 2722 — 62— 8
Thus, (=92 — 4)(=3z + 2) = 2722 — 62 — 8

25. Let’s imagine that (3z + 8)(3z — 2) has the form (b + ¢)a and multiply
3z — 2 times both terms of 3x + 8.

(3 4+ 8)(3x — 2) = 3x(3z — 2) + 8(3x — 2)
Now we distribute monomials times polynomials, then combine like terms.

=9x2—6x—|—24x—16
=922 4+ 18z — 16

Thus, (3z + 8)(3z — 2) = 922 + 18z — 16
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27. Let’s imagine that (22 — 1)(—62% 4+ 4z + 5) has the form (b + ¢)a and
multiply —6z2 4 4z + 5 times both terms of 2z — 1.

(22 — 1)(=622 + 42 + 5) = 22(—62° + 4z + 5) — 1(—62% + 42 + 5)
Now we distribute monomials times polynomials, then combine like terms.

=—122% + 822 + 10z + 622 —4x — 5
=—1223 + 142> + 62— 5

Thus, (2z — 1)(—622 + 4z +5) = —1223 + 142> + 62 — 5

29. Let’s imagine that (z—6)(—22? — 4z —4) has the form (b+c)a and multiply
—22% — 4x — 4 times both terms of x — 6.

(x —6)(—22° — 4z — 4) = 2(—22° — 4z — 4) — 6(—22% — 4o — 4)
Now we distribute monomials times polynomials, then combine like terms.
= —22% — 42% — 4z + 122° + 242 + 24
= —22% 4 82” + 20z + 24

Thus, (z — 6)(—222 — 42 — 4) = —22° + 82 + 20z + 24

31. First, multiply 8u times each term of 8u — 9w, then multiply —9w times
each term of 8u — 9w. Finally, combine like terms.

(8u — 9w) (8u — Yw) = 8u(8u — Yw) — Jw(8u — Jw)
= 64u® — T2uw — T2uw + 81w?
= 64u? — 144uw + 81w?

Thus, (8u — 9w)(8u — Jw) = 64u? — 144uw + 81w?.

33. First, multiply 9r times each term of 3r — 9¢, then multiply —7¢ times each
term of 3r — 9¢. Finally, combine like terms.

(9r — 7t)(3r — 9t) = 9r(3r — 9t) — Tt(3r — 9¢t)
= 27r% — 817t — 217t + 63t2
= 2712 — 1021t + 63¢>

Thus, (97 — 7t)(3r — 9t) = 27r? — 1027t + 63¢2.
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35. First, multiply 4 times each term of —10r2 4+ 10rs — 7s2, then multiply
—10s times each term of —10r% + 10rs — 7s. Finally, combine like terms.

(4r — 105)(—10r* 4 10rs — 7s?) = 4r(—10r* 4+ 10rs — 7s?) — 10s(—10r? + 10rs — 7s%)
= —40r® 4+ 40r%s — 28rs? + 100r?s — 100rs> + 7053
= —40r3 + 140r%s — 128rs® + 70s3

Thus, (47 — 10s)(=10r? + 10rs — 7s%) = —40r® + 140r?s — 128rs% + 70s°.

37. First, multiply 9z times each term of 4% — 4xz — 1022, then multiply —2z
times each term of 422 — 4xz — 1022. Finally, combine like terms.

(92 — 22)(4a® — 4wz — 102%) = 9z (4a? — 4oz — 1022) — 22(42? — daz — 102?)
= 362> — 36222 — 90222 — 8222 + 8x22 + 2023
= 362% — 442?22 — 82222 + 2023

Thus, (92 — 22)(42? — 4wz — 102?2) = 3623 — 44222 — 82222 + 2023

39. First, write 9r + 3t as a factor two times.

(97 + 3t)? = (9r + 3t)(9r + 3t)

Next, multiply 9r times each term of 9r + 3¢, then multiply 3¢ times each term
of 9r + 3t¢. Finally, combine like terms.

= 9r(9r + 3t) + 3t(9r + 3t)
= 8172 + 277t + 27rt + 9t*
= 817% + 5drt + 9t

Thus, (97 + 3t)? = 8172 + 5drt + 9¢2.

41. First, multiply 4y times each term of 4y — 5z, then multiply 5z times each
term of 4y — 5z. Finally, combine like terms.

(4y + 52)(dy — 5z) = 4y(4dy — 52) + 5z(4y — 52)
= 16y? — 20yz + 20yz — 2522
= 16y2 — 252>

Thus, (4y + 52)(4y — 52) = 16y* — 2522
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43. First, multiply 7u times each term of 7u — 8v, then multiply 8v times each
term of 7u — 8v. Finally, combine like terms.

(Tu 4 8v)(Tu — 8v) = Tu(Tu — 8v) + 8v(7Tu — 8v)
= 49u® — 56uv + 56uv — 64v°
= 49u? — 6402

Thus, (7Tu + 8v)(Tu — 8v) = 49u? — 64v>.

45. First, write 7b + 8c as a factor two times.
(7b + 8¢)* = (Tb + 8¢)(7b + 8c)

Next, multiply 7b times each term of 7b+ 8¢, then multiply 8c times each term
of 7b + 8c. Finally, combine like terms.

= 7b(7b + 8c¢) + 8¢(7b + 8c¢)
= 49b2 + 56bc + 56bc + 64¢?
= 4952 + 112bc + 64>

Thus, (7b+ 8¢)? = 49b% + 112bc + 64c2.

47. Multiply 22 times each term of 2t? 4 9¢ 4 4, multiply 9¢ times each term
of 2t2 4 9t + 4, and multiply 4 times each term of 2¢2 4 9¢ + 4. Finally, combine
like terms.
(262 + 9t + 4)(2t* 4 9t + 4)
= 2t2(2t + 9t + 4) + 9t(2t> + 9t + 4) + 4(2* + 9t + 4)
= 4t* + 18> + 8% + 18> + 81t + 36t + 8t* + 36t + 16
= 4t" + 36t° + 97t* + 72t + 16

Thus, (22 4+ 9t + 4)(2t% + 9t + 4) = 4¢* + 363 + 97t + 72t + 16.

49. Multiply 4w? times each term of 3w? — 6w + 8, multiply 3w times each
term of 3w? — 6w+ 8, and multiply 5 times each term of 3w? — 6w + 8. Finally,
combine like terms.
(4w? + 3w + 5)(3w? — 6w + 8)
= 4w? (3w? — 6w + 8) + 3w(3w? — 6w + 8) + 5(3w? — 6w + 8)
= 120" — 24w® + 320w* + 9w® — 18w? + 24w + 15w” — 30w + 40
= 12w* — 150® 4+ 29w? — 6w + 40

Thus, (4w? + 3w + 5)(3w? — 6w + 8) = 12w* — 15w? + 29w? — 6w + 40.
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51. To find the revenue, we must multiply the number of widgets sold by the
price for each widget. That is, we must multiply the demand times the unit
price.

Revenue = Demand x Unit Price

Let R represent the revenue. Because x represents the demand and p represents
the unit price, the last equation can be rewritten as follows.

R=uap

However, the demand is given by the equation x = 320 — 0.95p. Substitute
320 — 0.95p for x in the last equation to get

R = (320 — 0.95p)p,

or equivalently,
R = 320p — 0.95p>.

We're asked to find when the revenue equals R = 7,804, so enter Y1 =
320% X —0.95% X A2 and Y2 = 7804 into the Y= menu in your calculator,
then set the WINDOW parameters as follows: Xmin=0, Xmax=350, Ymin=0,
Ymax=27000. Push the GRAPH button to produce the graph, then use the
5:intersect utility to determine the coordinates of the points of intersection.
Report your answer on your homework as follows.

R(dollars)
27,000

R = 320p — 0.95p>

. —— R = 7804

1 I\

1 1

! ! p(dollars)

0
026.47 310.37350

Hence, the revenue will equal R = $7, 804 if the unit price is set either at $26.47
or $310.37.

53. Because the edge of the outer square is 6 inches longer that 3 times the
edge of the inner square, the edge of the outer square is 3z + 6.

T 3x+6
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To find the area of the shaded region, subtract the area of the smaller square
from the area of the larger square. Recall that the area of a square is found by
squaring the length of one of its sides.

Area of shaded region = Area of larger square — Area of smaller square
A(z) = (3 +6)% — 22

Use the distributive property to multiply.

A(x) = (3z + 6)(3z + 6) — 2?
A(z) = 92% + 18z + 182 + 36 — 22

Combine like terms.

A(z) = 82% + 362 + 36

Hence, the area of the shaded region is given by the polynomial A(z) = 822 +
362 + 36. We can now evaluate the polynomial at « = 5 inches by substituting
5 for x.

A(z) = 822 + 362 + 36

A(5) = 8(5)% + 36(5) + 36
Use your calculator to help simplify.

A(5) =416

Hence, the area of the shaded region is 416 square inches.

55. If the width of the entire rectangular garden is 29 feet, and the width of
the border lawn is x feet, then the width of the interior rectangular garden
is 29 — 2z feet. Simlarly, if the length of the entire rectangular garden is 31
feet, and the width of the border lawn is x feet, then the length of the interior
rectangular garden is 31 — 2z feet.

29

29 — 2z

31 —2x

31
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Therefore, the dimensions of the inner rectangular garden are 31 — 2z by
29 — 2z feet. Thus, the area of the inner rectangular garden is:

A(x) = (31 — 22)(29 — 2x)

We are required to express our answer in the standard form A(z) = ax®+bx+c,
so we use the distributive property to multiply.

A(z) = 899 — 62z — 58z + 42?
A(z) = 899 — 120z + 42°

Now, if the uniform width of the lawn border is 9.3 feet, substitute 9.3 for z in
the polynomial that gives the area of the inner rectangular garden.

A(z) = 899 — 120z + 42?
A(9.3) = 899 — 120(9.3) + 4(9.3)?

Use a calculator to compute the answer.

A(9.3) = 128.96

Hence, the area of the inner rectangular garden is 128.96 square feet.

5.7 Special Products
1. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (5z)(3z) = 1522

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: 20x 4+ 6 = 26x

iii) Multiply the terms in the “Last” positions: (2)(4) =8
Write the answer with no intermediate steps:
(52 4+ 2)(3z + 4) = 1522 + 262 + 8

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(52 +2)(3x + 4) = 152% 4 262 + 8
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3. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (6z)(5z) = 30z

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: 24z — 15z = 9z

iii) Multiply the terms in the “Last” positions: (—3)(4) = —12
Write the answer with no intermediate steps:
(62 — 3)(5x +4) = 302 + 9z — 12

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(62 — 3)(5z +4) = 302 + 9z — 12

5. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (5z)(3z) = 152

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: —20x — 18x = —38x

iii) Multiply the terms in the “Last” positions: (—6)(—4) = 24
Write the answer with no intermediate steps:
(52 — 6)(3z — 4) = 1522 — 38z + 24

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(52 — 6)(3x — 4) = 1522 — 382 + 24

7. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (6z)(3z) = 1822

ii) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: —30x — 6z = —36z

iii) Multiply the terms in the “Last” positions: (—2)(—5) = 10
Write the answer with no intermediate steps:
(62 — 2)(3x — 5) = 182% — 362 + 10

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(62 — 2)(3x — 5) = 182 — 362 + 10
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9. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (6x)(3z) = 1822

ii) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: 30x + 12z = 42z

iii) Multiply the terms in the “Last” positions: (4)(5) = 20
Write the answer with no intermediate steps:
(62 +4)(3z + 5) = 1827 + 422 + 20

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(62 +4)(3z + 5) = 1827 + 422 + 20

11. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (4z)(6z) = 24z

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: 12z — 30z = —18z

iii) Multiply the terms in the “Last” positions: (—5)(3) = —15
Write the answer with no intermediate steps:
(4z — 5)(6x + 3) = 242% — 182 — 15

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(4z — 5)(6z + 3) = 242 — 182 — 15

13. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (10z)? = 100z>
ii) Square the term in the “Last” position: (12)? = 144

iii) Separate the squares with a minus sign.

Second Edition: 2012-2013



320 CHAPTER 5. POLYNOMIALS

That is:
(10z — 12)(10x + 12) = (10z)? — (12)?
= 1002% — 144

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(10z — 12)(10x + 12) = 100z* — 144

15. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (6z)? = 362>
ii) Square the term in the “Last” position: (9)% = 81
iii) Separate the squares with a minus sign.
That is:
(62 +9)(6x — 9) = (62) — (9)?
= 362” — 81

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(62 4 9)(6x — 9) = 3622 — 81

17. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (3z)? = 922
ii) Square the term in the “Last” position: (10)% = 100
iii) Separate the squares with a minus sign.

That is:
(3z +10)(3z — 10) = (32)* — (10)?
= 92” — 100

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(3z 4 10)(3z — 10) = 92% — 100
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19. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (10z)? = 100z>
ii) Square the term in the “Last” position: (9)? = 81
iii) Separate the squares with a minus sign.
That is:
(102 — 9)(10z + 9) = (10x)? — (9)?
= 1002 — 81

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(102 — 9)(10x + 9) = 10022 — 81

21. Follow these steps:
i) Square the first term: (2x)% = 422

ii) Multiply the “First” and “Last” terms and double the result: 2(2z)(3) =
12z

iii) Square the “Last” term: (3)?2 =9
Thus:
(22 48" = (20)” +2(20)(3) + (3)°
=42* + 12249

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(22 +3)% = 42? + 122 + 9

23. You can start by writing the difference as a sum:
(92 — 8)? = (9z + (—8))?
Follow these steps:

i) Square the first term: (9z)% = 8122
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ii) Multiply the “First” and “Last” terms and double the result: 2(92)(—8) =
—144x

iii) Square the “Last” term: (—8)2 = 64
Thus:
(92 — 8)* = (92 + (—8))”

= (92)% 4 2(92)(—8) 4 (—8)?
= 8122 — 144z + 64

Alternately, you can note that (a — b)? = a? — 2ab + b%, so when the terms of
the binomial are separated by a minus sign, the middle term of the result will
also be minus. This allows us to move more quickly, writing:

(92 — 8)% = (92)2 — 2(9z)(8) + (8)*
= 8122 — 1442 + 64

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in (9z — 8)% = 812% — 144x + 64.

25. Follow these steps:
i) Square the first term: (7x)% = 4922

ii) Multiply the “First” and “Last” terms and double the result: 2(7z)(2) =
28z

iii) Square the “Last” term: (2)% =4
Thus:

(T2 4 2)% = (7x)* + 2(72)(2) + (2)2
=492 + 28z + 4

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(T2 4 2)% = 4922 + 282 + 4

27. You can start by writing the difference as a sum:
(62— 5) = (62 + (~5))?

Follow these steps:
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i) Square the first term: (6x)% = 3622

ii) Multiply the “First” and “Last” terms and double the result: 2(6x)(—5) =
—60x

iii) Square the “Last” term: (—5)% =25
Thus:
(62 — 5)* = (62 + (—5))*

= (62)? + 2(6x)(=5) + (—5)?
= 362> — 60z + 25
Alternately, you can note that (a — b)? = a? — 2ab + b?, so when the terms of

the binomial are separated by a minus sign, the middle term of the result will
also be minus. This allows us to move more quickly, writing:

(62 — 5)% = (62)* — 2(62)(5) + (5)*
= 362° — 60z + 25
Note: You should practice this pattern until you can go straight from the

problem statement to the answer without writing down any intermediate work,
as in (6x — 5)? = 3622 — 60z + 25.

29. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (11z)? = 12122
ii) Square the term in the “Last” position: (2)% =4

iii) Separate the squares with a minus sign.

That is:

(112 — 2)(11z + 2) = (112)* — (2)?
=1212° — 4
Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,

as in:
(1l —2)(11z + 2) = 1212° — 4

Second Edition: 2012-2013



324 CHAPTER 5. POLYNOMIALS

31. Follow these steps:
i) Square the first term: (7r)2? = 49r?

il) Multiply the “First” and “Last” terms and double the result: 2(7r)(5t) =
707t

iii) Square the “Last” term: (5t)2 = 25¢2
Thus:

(7r — 5t)% = (7r)® — 2(7r)(5t) + (5t)*
= 49r? — 70rt + 25t*

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(7r — 5t)* = 49r? — 70rt + 25¢*

33. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (5b)(3b) = 15b2

ii) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: —10bc + 18bc = 8bc

iii) Multiply the terms in the “Last” positions: (6¢)(—2c) = —12¢?
Write the answer with no intermediate steps:
(5b + 6¢)(3b — 2¢) = 15b* + 8bc — 12¢2

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(5b + 6¢)(3b — 2¢) = 15b% + 8bc — 12¢2

35. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (3u)? = 9u?
ii) Square the term in the “Last” position: (5v)? = 2502

iii) Separate the squares with a minus sign.
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That is:
(3u 4 5v)(3u — 5v) = (3u)? — (5v)?
= 9u® — 250°
Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,

as in:
(3u + 5v)(3u — 5v) = 9u? — 250>

37. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (9b%)? = 8165
ii) Square the term in the “Last” position: (10¢°)? = 100¢!°
iii) Separate the squares with a minus sign.

That is:
(96% + 10c%)(96® — 10c°) = (9b*)% — (10c°)?
= 81b° — 100c"

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(96 +10c°)(9b® — 10¢°) = 81b% — 100c*°

39. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (9s)? = 81s2
ii) Square the term in the “Last” position: (4t)? = 16t2
iii) Separate the squares with a minus sign.

That is:
(95 — 4t)(9s + 4t) = (9s)* — (4t)?
= 81s* — 16t°

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(9s — 4t)(9s + 4t) = 81s% — 162
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41. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (7z)? = 4922
ii) Square the term in the “Last” position: (9y)? = 81y>
iii) Separate the squares with a minus sign.

That is:
(7 = 9y) (T + 9y) = (72)* — (9y)?
= 4922 — 81y>

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(7z — 9y) (T + 9y) = 492% — 81>

43. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (6a)(2a) = 12a2

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: 18ab — 12ab = 6ab

iii) Multiply the terms in the “Last” positions: (—6b)(3b) = —18b?
Write the answer with no intermediate steps:
(6a — 6b)(2a + 3b) = 12a* + 6ab — 18b*

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(6a — 6b)(2a + 3b) = 12a® + 6ab — 18b*

45. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (10z)? = 100z>

ii) Square the term in the “Last” position: (10)% = 100
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iii) Separate the squares with a minus sign.
That is:

(10z — 10)(10x + 10) = (10z)* — (10)?
= 100x% — 100

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(10z — 10)(102 + 10) = 100z* — 100

47. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (4a)(6a) = 24a®

ii) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: —12ab+ 12ab =0

iii) Multiply the terms in the “Last” positions: (2b)(—3b) = —6b2
Write the answer with no intermediate steps:
(4a + 2b)(6a — 3b) = 24a* — 6b°

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

4a + 2b)(6a — 3b) = 244 — 6b>
(

49. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (5b)(3b) = 15b2

ii) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: 10bc — 12bc = —2bc

iii) Multiply the terms in the “Last” positions: (—4c)(2c) = —8c?
Write the answer with no intermediate steps:
(5b — 4¢)(3b + 2¢) = 15b* — 2bc — 8¢2

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(5b — 4¢)(3b + 2¢) = 15b* — 2bc — 8¢2
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51. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (4b)(6b) = 24b2

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: —8bc + —36bc = —44bc

iii) Multiply the terms in the “Last” positions: (—6¢)(—2c) = 12¢?
Write the answer with no intermediate steps:
(4b — 6¢)(6b — 2¢) = 24b* — 44bc + 12¢*

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(4b — 6¢)(6b — 2¢) = 24b* — 44bc + 12¢*

53. Follow these steps:
i) Square the first term: (1175)% = 121,10

ii) Multiply the “First” and “Last” terms and double the result: 2(117°)(9¢%) =
198r°¢2

iii) Square the “Last” term: (9¢%)? = 81¢*
Thus:
(1175 +9t2)% = (117°)% — 2(117°)(9¢?) 4 (9t*)?
=121r"" + 198r°¢* + 81¢*

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(1175 + 9t%)% = 12170 4+ 19875¢% 4 814

55. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (4u)(2u) = 8u?

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: —24uv + —8uv = —32uv

iii) Multiply the terms in the “Last” positions: (—4v)(—6v) = 24v?
Write the answer with no intermediate steps:
(4u — 4v)(2u — 6v) = 8u? — 32uv + 24v°

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(4u — 4v)(2u — 6v) = 8u? — 32uv + 24v°
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57. Follow these steps:
i) Square the first term: (8r%)? = 64r%

ii) Multiply the “First” and “Last” terms and double the result: 2(8r%)(7t°) =
112745

iii) Square the “Last” term: (7t%)% = 49¢1°
Thus:
(871 + 7t5)2 = (8r1)% — 2(8r1)(7t%) + (T1°)?
= 647° + 1127 + 49¢"°

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(8r% 4 71%)% = 647 4 112r*° + 49¢1°

59. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (4r)% = 1672
ii) Square the term in the “Last” position: (3t)? = 9¢*
iii) Separate the squares with a minus sign.

That is:
(4r + 3t)(4r — 3t) = (4r) — (3t)?
= 16r* — 9¢>

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(4r + 3t)(4r — 3t) = 16r* — 9t*

61. Follow these steps:
i) Square the first term: (5r)% = 2512

il) Multiply the “First” and “Last” terms and double the result: 2(5r)(6t) =
607t

iii) Square the “Last” term: (6t)% = 362
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Thus:
(57 + 6t)% = (5r)% + 2(57)(6t) + (6t)*
= 2512 + 60rt + 36t>

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(57 4 6t)* = 250 + 60rt + 361>

63. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (3x)(2z) = 622

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: 15z — 8x = Tx

iii) Multiply the terms in the “Last” positions: (—4)(5) = —20
Write the answer with no intermediate steps:
(32 — 4)(2z + 5) = 62% 4 T — 20

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(32 — 4)(2z + 5) = 62 4+ T — 20

65. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (6b)(2b) = 1252

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: 18bc + 8bc = 26bc

iii) Multiply the terms in the “Last” positions: (4¢)(3c) = 12¢?
Write the answer with no intermediate steps:
(6b + 4¢)(2b + 3¢) = 12b% + 26bc + 12¢*

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(6 + 4c)(2b + 3¢) = 12b% + 26bc + 12¢2
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67. Note how the terms in the “First” position are identical, as are the terms
in the “Last” position, with one set separated by a plus sign and the other with
a minus sign. Hence, this is the difference of squares pattern and we proceed
as follows:

i) Square the term in the “First” position: (11u?)? = 121u*
ii) Square the term in the “Last” position: (8w®)? = 64w’
iii) Separate the squares with a minus sign.

That is:
(11u? + 8w?)(11u? — 8w?) = (11u?)? — (8w?)?
= 121u* — 64w°

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(114 4 8w?) (11u? — 8w?) = 121u* — 64w®

69. Follow these steps:
i) Square the first term: (4y)? = 16y

ii) Multiply the “First” and “Last” terms and double the result: 2(4y)(3z) =
24yz

iii) Square the “Last” term: (3z)% = 922
Thus:
(4y +32)% = (4y)? + 2(4y)(32) + (32)?
= 169> + 24yz + 922

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(4y + 32)% = 16y* + 24yz + 92°

71. Follow these steps:
i) Square the first term: (7u)? = 49u?

il) Multiply the “First” and “Last” terms and double the result: 2(7u)(2v) =
28uv

iii) Square the “Last” term: (2v)? = 40v?

Second Edition: 2012-2013



332 CHAPTER 5. POLYNOMIALS

Thus:
(Tu — 20)* = (Tu)? — 2(7u)(20) + (2v)?
= 49u? — 28uv + 4v*

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(Tu — 2v)? = 49u® — 28uw + 4v?

73. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (3v)(5v) = 1502

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: 18vw + 10vw = 28vw

iii) Multiply the terms in the “Last” positions: (2w)(6w) = 12w?
Write the answer with no intermediate steps:
(3v + 2w) (5v 4 6w) = 1502 + 28vw + 12w?

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(3v + 2w) (5v + 6w) = 1502 + 28vw + 12w?

75. Each of the following steps is performed mentally.
i) Multiply the terms in the “First” positions: (5z)(6z) = 302

i) Multiply the terms in the “Outer” and “Inner” positions and add the
results mentally: 10z — 18z = —8x

iii) Multiply the terms in the “Last” positions: (—3)(2) = —6
Write the answer with no intermediate steps:
(52 — 3)(6z + 2) = 302> — 8z — 6

Note: You should practice this pattern until you can go straight from the
problem statement to the answer without writing down any intermediate work,
as in:

(52 — 3)(6z + 2) = 302 — 8z — 6
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77. The two shaded squares in have areas A; = z? and Az = 100, respectively.
The two unshaded rectangles have areas As = 10z and A4 = 10z.

T 10

10 Ao = 10z A3z =100] 10

x A1 :a:2 A4:10x x

z 10

Summing these four areas gives us the area of the entire figure.

A=A1+Ay+ Az + Ay
= 22 4+ 10z + 100 + 10z
=22 4+ 202 + 100

However, a faster solution is found by squaring the side of the square using the
shortcut (a + b)? = a? + 2ab + b?.

A= (z+10)?

=22 4+ 20z + 100

79. After cutting four squares with side = inches from each corner of the
original piece of cardboard (measuring 12 inches on each side), the dashed
edges that will become the eventual edges of the base of the cardboard box
now measure 12 — 2z inches. The sides are then folded upwards to form a
cardboard box with no top.

x x
¢ | 12-20 | @
6 & x
12 L I
N [a\]
E = W
z ' 12—-2z ' g /
"""" >
ap x 12 — 2
k |
12
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The volume of the box is found by taking the product of the length, width,
and height of the box.

V=LWH
V=(12 - 22)(12 — 2x)z

Changing the order of multiplication and using exponents, this can be written
more concisely.

V = 2(12 — 22)?
We can use (a — b)? = a® — 2ab + b? to square the binomial.
V = x(144 — 48z + 42?)
Finally, we can distribute the x.
V = 144 — 4827 + 42
Using function notation, we can also write V(z) = 144z — 4822 + 423. To find

the volume when the edge of the square cut from each corner measures 1.25
inches, substitute 1.25 for z in the polynomial.

V(2) = 144(1.25) — 48(1.25)% 4- 4(1.25)3
Use your calculator to obtain the following result.

V(2) = 112.8125

Thus, the volume of the box is approximately 113 cubic inches.
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Chapter 6

Factoring

6.1 The Greatest Common Factor

1. First, list all possible ways that we can express 42 as a product of two
positive integers:

42 =1-42 42=2.21 42=3-14
42=6-7

Therefore, the list of divisors of 42 is:

{1,2,3,6,7,14,21,42}

3. First, list all possible ways that we can express 44 as a product of two
positive integers:

44=1-44 44 =2-22 44=4-11
Therefore, the list of divisors of 44 is:

{1,2,4,11,22,44}

5. First, list all possible ways that we can express 51 as a product of two
positive integers:

51 =1-51 51 =3-17
Therefore, the list of divisors of 51 is:

{1,3,17,51}
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7. First, list the positive divisors of 36:
1,2,3,4,6,9,12,18, 36
Secondly, list the positive divisors of 42:
1,2,3,6,7,14,21,42
Finally, list the positive divisors that are in common.

1,2,3,6

9. First, list the positive divisors of 78:
1,2,3,6,13,26,39,78

Secondly, list the positive divisors of 54:
1,2,3,6,9,18,27,54

Finally, list the positive divisors that are in common.

1,2,3,6

11. First, list the positive divisors of 8:
1,2,4,8
Secondly, list the positive divisors of 76:
1,2,4,19,38,76
Finally, list the positive divisors that are in common.

1,2,4

13. We're asked to find the greatest common divisor of 76 and 8. Therefore,
we must try to find the largest number that divides evenly (zero remainder)
into both 76 and 8. For some folks, the number 4 just pops into their heads.
However, if the number doesn’t just “pop into your head,” then you can:

i) List the positive divisors of 76:
1,2,4,19,38,76

ii) List the positive divisors of 8:

1,2,4,8

iii) List the positive divisors that are in common.

1,2,4

The greatest common divisor is therefore 4.
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15. We're asked to find the greatest common divisor of 32 and 36. Therefore,
we must try to find the largest number that divides evenly (zero remainder)
into both 32 and 36. For some folks, the number 4 just pops into their heads.
However, if the number doesn’t just “pop into your head,” then you can:

i) List the positive divisors of 32:
1,2,4,8,16,32

ii) List the positive divisors of 36:

1,2,3,4,6,9,12,18, 36

iii) List the positive divisors that are in common.

1,2,4

) ?

The greatest common divisor is therefore 4.

17. We're asked to find the greatest common divisor of 24 and 28. Therefore,
we must try to find the largest number that divides evenly (zero remainder)
into both 24 and 28. For some folks, the number 4 just pops into their heads.
However, if the number doesn’t just “pop into your head,” then you can:

i) List the positive divisors of 24:
1,2,3,4,6,8,12,24

ii) List the positive divisors of 28:
1,2,4,7,14,28

iii) List the positive divisors that are in common.

1,2,4

) )

The greatest common divisor is therefore 4.

19. Prime factor each number and place the result in compact form using

exponents.
600 = 2% . 3% . 52
1080 = 23 -3 . 5!

Second Edition: 2012-2013



338 CHAPTER 6. FACTORING

Write each prime factor that appears above to the highest power that appears
in common.

GCD =23.3!.5! Raise each factor to highest
power that appears in common.

Expand and simplify.

=8.3-5 Expand: 2% =8, 31 =3,
and 5' =5
=120 Multiply.

Therefore, GCD(600, 1080) = 120.

21. Prime factor each number and place the result in compact form using
exponents.

1800 = 23 .32 .52
2250 = 2. 32.53

Write each prime factor that appears above to the highest power that appears
in common.

GCD =2'.32.52 Raise each factor to highest
power that appears in common.

Expand and simplify.

=2.9.25 Expand: 2! =2,32 =9,
and 5% = 25
=450 Multiply.

Therefore, GCD(1800, 2250) = 450.

23. Prime factor each number and place the result in compact form using
exponents.

600 = 23 .31 .52
450 = 21 . 32 . 52

Write each prime factor that appears above to the highest power that appears
in common.

GCD =2!.3!.52 Raise each factor to highest
power that appears in common.

Second Edition: 2012-2013



6.1. THE GREATEST COMMON FACTOR 339

Expand and simplify.

=2.3-25 Expand: 2! =2, 31 =3,
and 5% = 25
=150 Multiply.

Therefore, GCD(600,450) = 150.

25. To find the GCF of 16b* and 56b°, we note that:
1. The greatest common factor (divisor) of 16 and 56 is 8.
2. The monomials 16b* and 566 have the variable b in common.

3. The highest power of b in common is b*.

Thus, the greatest common factor is GCF(16b*,560°) = 8b*. Note what hap-
pens when we write each of the given monomials as a product of the greatest
common factor and a second monomial:

16b* = 8b* - 2
56b° = 8b* - Tb°

Note how the set of second monomial factors (2 and 7b°) contain no additional
common factors.

27. To find the GCF of 3522 and 4927, we note that:
1. The greatest common factor (divisor) of 35 and 49 is 7.
2. The monomials 3522 and 4927 have the variable z in common.
2

3. The highest power of z in common is z*.

Thus, the greatest common factor is GCF(3522,4927) = 722. Note what hap-
pens when we write each of the given monomials as a product of the greatest
common factor and a second monomial:

3522 =72%.5
4927 =722 .72°

Note how the set of second monomial factors (5 and 7z°) contain no additional
common factors.
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29. To find the GCF of 5623y* and 1622y°, we note that:
1. The greatest common factor (divisor) of 56 and 16 is 8.
2. The monomials 56z23y* and 162%y° have the variables = and y in common.

3. The highest power of = in common is 2. The highest power of y in

common is y*.

Thus, the greatest common factor is GCF(56x%y*, 1622y5) = 8x?y*. Note
what happens when we write each of the given monomials as a product of the
greatest common factor and a second monomial:

562%y* = 822yt - Tx
162%y° = 827y - 2y

Note how the set of second monomial factors (72 and 2y) contain no additional
common factors.

31. To find the GCF of 245> and 1653t%, we note that:
1. The greatest common factor (divisor) of 24 and 16 is 8.
2. The monomials 24s5%t> and 1653t® have the variables s and ¢ in common.

3. The highest power of s in common is s3. The highest power of ¢ in

common is t°.

Thus, the greatest common factor is GCF(24s%t5,165%t%) = 8s3t°. Note what
happens when we write each of the given monomials as a product of the greatest
common factor and a second monomial:

24545 = 85317 - 35
16530 = 8s31° - 2¢

Note how the set of second monomial factors (3s and 2¢) contain no additional
common factors.

33. To find the GCF of 18y7, 45y5, and 27y°, we note that:
1. The greatest common factor (divisor) of 18, 45, and 27 is 9.
2. The monomials 18y”, 45y, and 274° have the variable y in common.

3. The highest power of y in common is y°.
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Thus, the greatest common factor is GCF(18y7,45y°,27y%) = 9y°. Note what
happens when we write each of the given monomials as a product of the greatest
common factor and a second monomial:

18y" = 9y° - 2¢°
45y% = 9¢° - By
27y° = 9y° - 3

Note how the set of second monomial factors (2y%, 5y, and 3) contain no
additional common factors.

35. To find the GCF of 94, 6a°, and 15a*, we note that:
1. The greatest common factor (divisor) of 9, 6, and 15 is 3.
2. The monomials 9a®, 6a®, and 15a* have the variable a in common.
4

3. The highest power of a in common is a*.

Thus, the greatest common factor is GCF(9a%, 6a°,15a*) = 3a*. Note what
happens when we write each of the given monomials as a product of the greatest
common factor and a second monomial:

9a¢5 = 30 - 3a?
6a° = 3a’ - 2a

15a* = 34" -5

Note how the set of second monomial factors (3a2, 2a, and 5) contain no
additional common factors.

37. The greatest common factor (GCF) of 25a2, 10a and 20 is 5. Factor out
the GCF.

2502 4+10a+20=5-5a>+5-2a+5-4
= 5(5a% 4+ 2a +4)

Check: Multiply. Distribute the 5.

5(5a% +2a+4)=5-5a> +5-2a+5-4
= 25a% + 10a + 20

That’s the original polynomial, so we factored correctly.
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39. The greatest common factor (GCF) of 35s%, 25s and 45 is 5. Factor out
the GCF.

3552 4255 4+45=5-7s>4+5-55+5-9
=5(75% + 55+ 9)
Check: Multiply. Distribute the 5.
5(7s2 +55+9)=5-7s>+5-55+5-9
= 3552 + 255 + 45

That’s the original polynomial, so we factored correctly.

41. The greatest common factor (GCF) of 16¢3, 32¢% and 36¢ is 4c. Factor out
the GCF.

16¢% + 32¢% 4+ 36¢c = 4c - 4c® + 4c- 8¢+ 4c¢- 9
= 4c(4c* +8c+9)
Check: Multiply. Distribute the 4c.
de(4c® +8c+9) = 4dc-4c* 4+ 4c-8c+4c- 9
=16¢% + 32¢% + 36¢

That’s the original polynomial, so we factored correctly.

43. The greatest common factor (GCF) of 42s3, 24s? and 18s is 6s. Factor
out the GCF.

425% 4 245% + 185 = 65 - 7s® + 65 - 4s + 65 - 3
= 6s(7s® +4s +3)
Check: Multiply. Distribute the 6s.
65(7s% + 45 +3) = 65-7s> +65-45+65-3
= 425% + 245 + 185

That’s the original polynomial, so we factored correctly.

45. The greatest common factor (GCF) of 35s7, 49s% and 63s° is 7s®. Factor
out the GCF.

355" +495° + 635 = 75" - 55 + 75" - Ts + 7s” - 9
= 75°(55% + Ts +9)
Check: Multiply. Distribute the 7s°.
759(552 + Ts +9) = 75”552+ 7s° - Ts + 75° - 9
= 355" 4 49s° + 635

That’s the original polynomial, so we factored correctly.
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47. The greatest common factor (GCF) of 1467, 35b% and 56b° is 7b°. Factor
out the GCF.

1407 + 3565 + 56b° = 70° - 2% + 707 - 5b+ TH° - 8
= 7b°(2b% + 5b + 8)

Check: Multiply. Distribute the 75°.

7% (2b% 4 5b 4 8) = Tb” - 202 + TV - 5b + TH° - 8
= 14b" + 35b° + 56b°

That’s the original polynomial, so we factored correctly.

49. The greatest common factor (GCF) of 54y°23, 30y*2* and 361°2° is 6y°23.
Factor out the GCF.

541523 4+ 30ytzt 4 36325 = 64°2° - 9y + 64°27 - Byz + 61727 - 622
= 61°2°(9y? + byz + 622)

Check: Multiply. Distribute the 6y323.

61° 22 (9y% + byz + 62%) = 6y°2° - 9y + 6°2° - byz + 61°2° - 622
= 549523 + 30y%2* + 36y32°

That’s the original polynomial, so we factored correctly.

51. The greatest common factor (GCF) of 45543, 40s3t* and 15525 is 5s%t3.
Factor out the GCF.

45543 + 4083t* + 15525 = 55212 - 95 + 55°t3 - 8st + Hs’t? - 3t2
= 55°1%(9s% + 8st + 3t?)

Check: Multiply. Distribute the 5s2¢3.

55°t%(9s? + 8st + 3t?) = 55t - 95% 4+ 55°1° - 8st + 55217 - 3t*
= 4553 + 405%t* + 155%1°

That’s the original polynomial, so we factored correctly.
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53. In this case, the greatest common factor (GCF) is 2w — 3.
Tw(2w — 3) — 8(2w — 3) = Tw - (2w —3) — 8 - (2w — 3)
= (Tw — 8)(2w — 3)

Because of the commutative property of multiplication, it is equally valid to
pull the GCF out in front.

Tw(2w —3) — 82w —3) = (2w —3) - Tw— (2w —3) -8
= (2w — 3)(7Tw — 8)

Note that the order of factors differs from the first solution, but because of
the commutative property of multiplication, the order does not matter. The
answers are the same.

55. In this case, the greatest common factor (GCF) is 5r — 1.
9r(5r —1)+8(5r—1)=9r- (5r — 1)+ 8- (5r — 1)
= (9r+8)(5r —1)

Because of the commutative property of multiplication, it is equally valid to
pull the GCF out in front.

9 (5r—1)+8(5r—1)=GBr—1)-9r+(5r—1)-8
= (57 — 1)(9r + 8)

Note that the order of factors differs from the first solution, but because of
the commutative property of multiplication, the order does not matter. The
answers are the same.

57. In this case, the greatest common factor (GCF) is 6(2a + 5).
48a(2a +5) —42(2a +5) =6(2a+5) - 8a — 6(2a +5) - 7
=6(2a+5)(8a—T)
Alternate solution: It is possible that you might fail to notice that 15 and
12 are divisible by 3, factoring out only a common factor 2a + 5.
48a(2a + 5) — 42(2a + 5) = 48a - (2a +5) — 42 - (2a +5)
= (48a — 42)(2a + 5)

However, you now need to notice that you can continue, factoring out a 6 from
both 48a and —42.

=6(8a —7)(2a +5)

Note that the order of factors differs from the first solution, but because of
the commutative property of multiplication, the order does not matter. The
answers are the same.
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59. In this case, the greatest common factor (GCF) is 7(2a — 1).

56a(2a — 1) —21(2a —1)=7(2a— 1) -8a—7(2a — 1) - 3

7
7(2a — 1)(8a — 3)

Alternate solution: It is possible that you might fail to notice that 15 and
12 are divisible by 3, factoring out only a common factor 2a — 1.
56a(2a — 1) —21(2a — 1) = 56a - (2a — 1) =21 - (2a — 1)
= (56a — 21)(2a — 1)

However, you now need to notice that you can continue, factoring out a 7 from
both 56a and —21.

= 7(8a — 3)(2a — 1)

Note that the order of factors differs from the first solution, but because of
the commutative property of multiplication, the order does not matter. The
answers are the same.

61. We “group” the first and second terms, noting that we can factor x out of
both of these terms. Then we “group” the third and fourth terms, noting that
we can factor —9 out of both of these terms.

22422 -9z - 18 =z (v +2)—9(z +2)
I I S

Note that we can now factor z + 2 out of both of these terms.

=(x—-9)(z+2)

63. We “group” the first and second terms, noting that we can factor x out of
both of these terms. Then we “group” the third and fourth terms, noting that
we can factor 6 out of both of these terms.

22 +3r+62+18=x(x+3)+6(x+3)
A4 4
Note that we can now factor z + 3 out of both of these terms.

=(x+6)(z+3)

Second Edition: 2012-2013



346 CHAPTER 6. FACTORING

65. We “group” the first and second terms, noting that we can factor « out of
both of these terms. Then we “group” the third and fourth terms, noting that
we can factor —3 out of both of these terms.

22+ 6x+3r+18=x(x —6) — 3 (v —6)
4 4
Note that we can now factor z — 6 out of both of these terms.

— (& —3)(x —6)

67. We “group” the first and second terms, noting that we can factor « out of
both of these terms. Then we “group” the third and fourth terms, noting that
we can factor 3 out of both of these terms.

22 —9r 432z —-27T=2(z—9)+3(z—9)
| S S S

Note that we can now factor z — 9 out of both of these terms.

=(x+3)(x—-9)

69. We “group” the first and second terms, noting that we can factor x out of
both of these terms. Then we “group” the third and fourth terms, noting that
we can factor —7 out of both of these terms.

822 + 3z — 56z — 21 =z (82 + 3) — 7 (82 + 3)
A A A A
Note that we can now factor 8 + 3 out of both of these terms.

=(x—7)(8z+3)

71. We “group” the first and second terms, noting that we can factor 9z out
of both of these terms. Then we “group” the third and fourth terms, noting
that we can factor —5 out of both of these terms.

922 + 36x — bx — 20 =9z (v +4) — 5 (z +4)
A A A A
Note that we can now factor z + 4 out of both of these terms.

=9z —5)(x +4)
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73. We “group” the first and second terms, noting that we can factor « out of
both of these terms. Then we “group” the third and fourth terms, noting that
we can factor —8 out of both of these terms.

622 — Tz — 48z + 56 = z (62 — 7) — 8 (62 — 7)
A A A A

Note that we can now factor 6z — 7 out of both of these terms.

= (x —8)(6x —T)

75. We “group” the first and second terms, noting that we can factor 2z out
of both of these terms. Then we “group” the third and fourth terms, noting
that we can factor 7 out of both of these terms.

222 + 120+ Tz +42 =22 (2 +6) + 7 (z + 6)
A A A A

Note that we can now factor x + 6 out of both of these terms.

=2z +7)(x+6)

6.2 Solving Nonlinear Equations
1. The product of two factors equals zero.
9z +2)8x+3)=0

Hence, at least one of the factors must equal zero, so set each factor equal to
zero and solve the resulting equations for x.

9r+2 =0 or 8r+3=0
9z = -2 8r = -3
2 3
J)——§ x_—g

Hence, the solutions are z = —2/9 and x = —3/8
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3. The product of three factors equals zero.
x(dx+7)(9x —8) =0

Hence, at least one of the factors must equal zero, so set each factor equal to
zero and solve the resulting equations for x.

x=0 or dx+T7=0 or 9r —8 =10
4 = =7 9r =8

7 8

{EZ—Z x:§

Hence, the solutions are x = 0, x = —7/4, and = 8/9

5. The product of two factors equals zero.
—9z(9x +4) =0

Hence, at least one of the factors must equal zero, so set each factor equal to
zero and solve the resulting equations for x.

—9x =0 or 9r+4=0
z=0 or 9r = —4

4
9

r = —

Hence, the solutions are z = 0 and z = —4/9

7. The product of two factors equals zero.
(x+1)(z+6)=0

Hence, at least one of the factors must equal zero, so set each factor equal to
zero and solve the resulting equations for x.

r+1=0 or r+6=0

r=-1 z=—6

Hence, the solutions are z = —1 and z = —6

9. The equation x? + 7z = 92 + 63 contains a power of z higher than one (it
contains an 1:2). Hence, this equation is nonlinear.
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11. The highest power of x present in the equation 6z — 2 = 5z — 8 is one.
Hence, this equation is linear.

13. The equation 722 = —2z contains a power of  higher than one (it contains
an z?). Hence, this equation is nonlinear.

15. The equation 322 + 8z = —9 contains a power of x higher than one (it
contains an x?). Hence, this equation is nonlinear.

17. The highest power of x present in the equation —3z + 6 = —9 is one.
Hence, this equation is linear.

19. The equation 3x + 8 = 9 contains no power of = higher than one. Hence,
this equation is linear. Move all terms containing = to one side of the equation
and all terms not containing x to the other side of the equation.

3r+8=9 Original equation is linear.
3r=9-28 Subtract 8 from both sides.

Note that all terms containing x are now on one side of the equation, while all
terms that do not contain z are on the other side of the equation.

3z = Simplify

xTr =

Divide both sides by 3.

W= =

21. Because the instruction is “solve for x,” and the highest power of x is larger
than one, the equation 922 = —z is nonlinear. Hence, the strategy requires
that we move all terms to one side of the equation, making one side zero.

92° = —z Original equation.
92° 4+ 2 =0 Add x to both sides.

Note how we have succeeded in moving all terms to one side of the equation,
making one side equal to zero. To finish the solution, we factor out the GCF
on the left-hand side.

z(9z+1)=0 Factor out the GCF.
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Note that we now have a product of two factors that equals zero. By the zero
product property, either the first factor is zero or the second factor is zero.
z=0 or 9r+1=0
9z = —1
1
T=—=
9
Hence, the solutions are x =0 and z = —1/9.
23. The equation 3z + 9 = 8x + 7 contains no power of x higher than one.

Hence, this equation is linear. Move all terms containing x to one side of the
equation and all terms not containing x to the other side of the equation.

3x+9=8x+7 Original equation is linear.
3r+9—-8x=7 Subtract 8z from both sides.
3r—8x=7-9 Subtract 9 from both sides.

Note that all terms containing x are now on one side of the equation, while all
terms that do not contain = are on the other side of the equation.

—Hx = -2 Simplify

T = Divide both sides by —5.

(S8 V)

25. Because the instruction is “solve for x,” and the highest power of x is
larger than one, the equation 822 = —2z is nonlinear. Hence, the strategy
requires that we move all terms to one side of the equation, making one side
Zero.

82% = —2z Original equation.
82° +22 =0 Add 2z to both sides.

Note how we have succeeded in moving all terms to one side of the equation,
making one side equal to zero. To finish the solution, we factor out the GCF
on the left-hand side.

20(dz+1)=0 Factor out the GCF.

Note that we now have a product of two factors that equals zero. By the zero
product property, either the first factor is zero or the second factor is zero.

20 =0 or dr+1=0

z=0 dr = —1
1
T
Hence, the solutions are z = 0 and z = —1/4.
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27. The equation 9z + 2 = 7 contains no power of x higher than one. Hence,
this equation is linear. Move all terms containing = to one side of the equation
and all terms not containing x to the other side of the equation.

9r+2=17 Original equation is linear.
9 =7—-2 Subtract 2 from both sides.

Note that all terms containing x are now on one side of the equation, while all
terms that do not contain = are on the other side of the equation.

9z = Simplify

xTr =

Divide both sides by 9.

©o| ot Ot

29. Because the instruction is “solve for x,” and the highest power of x is larger
than one, the equation 922 = 6x is nonlinear. Hence, the strategy requires that
we move all terms to one side of the equation, making one side zero.

92% = 6 Original equation.

922 — 62 =0 Subtract 6z from both sides.

Note how we have succeeded in moving all terms to one side of the equation,
making one side equal to zero. To finish the solution, we factor out the GCF
on the left-hand side.

3x(3z—-2)=0 Factor out the GCF.

Note that we now have a product of two factors that equals zero. By the zero
product property, either the first factor is zero or the second factor is zero.

3r=0 or 3r—2=0

z=0 3x =2
2

==

3

Hence, the solutions are z = 0 and = = 2/3.

31. Because the instruction is “solve for z,” and the highest power of z is
larger than one, the equation 722 = —4x is nonlinear. Hence, the strategy
requires that we move all terms to one side of the equation, making one side
ZEero.

T2? = —dx Original equation.
72?4+ 42 =0 Add 4z to both sides.
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Note how we have succeeded in moving all terms to one side of the equation,
making one side equal to zero. To finish the solution, we factor out the GCF
on the left-hand side.

x(Tx+4)=0 Factor out the GCF.

Note that we now have a product of two factors that equals zero. By the zero
product property, either the first factor is zero or the second factor is zero.

=0 or Tr+4=0
Tr =—4

4
r=—=
7
Hence, the solutions are x = 0 and z = —4/7.
33. The equation 7z + 2 = 42 + 7 contains no power of z higher than one.

Hence, this equation is linear. Move all terms containing x to one side of the
equation and all terms not containing x to the other side of the equation.

Tx+2=4x+4+7 Original equation is linear.
Te+2—4x =7 Subtract 4z from both sides.
Tx—4x =7-—2 Subtract 2 from both sides.

Note that all terms containing x are now on one side of the equation, while all
terms that do not contain = are on the other side of the equation.

3z = Simplify

xTr =

Divide both sides by 3.

w| ot Ot

35. The equation 632 + 56z + 542 + 48 = 0 contains a power of x higher than
one. Hence, this equation is nonlinear so we must start by moving all terms
to one side of the equation, making one side equal to zero. However, this is
already done, so let’s proceed by factoring by grouping. We can factor 7x out
of the first two terms and 6 out of the second two terms.

6372 + 562 + 5dx + 48 =0
Tx (92 +8)+6 (92 +8) =0

Note that we can now factor 9z + 8 out of both of these terms.

(Tx +6)(92 +8) =0
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Use the zero product property to set each factor equal to zero. Solve the
resulting equations for x.

Tr+6=0 or 9z +8=0
Tr=—6 9r = -8
6 8
J)——? x_—§

Hence, the solutions are z = —6/7 and x = —8/9.

37. The equation 1622 — 18z + 40z — 45 = 0 contains a power of 2 higher than
one. Hence, this equation is nonlinear so we must start by moving all terms
to one side of the equation, making one side equal to zero. However, this is
already done, so let’s proceed by factoring by grouping. We can factor 2x out
of the first two terms and 5 out of the second two terms.

1622 — 18z + 402z — 45 =0

20 (82 —9)+5(8x—-9)=0

Note that we can now factor 8¢ — 9 out of both of these terms.

(2x4+5)8x—9)=0

Use the zero product property to set each factor equal to zero. Solve the
resulting equations for z.

20 4+5=0 or 8r—9=0
20 = -5 8r =9
5 9
r=—= r ==
2 8
Hence, the solutions are z = —5/2 and x = 9/8.

39. The equation 452 + 18z + 20z + 8 = 0 contains a power of = higher than
one. Hence, this equation is nonlinear so we must start by moving all terms
to one side of the equation, making one side equal to zero. However, this is
already done, so let’s proceed by factoring by grouping. We can factor 9z out
of the first two terms and 4 out of the second two terms.

4522 + 182+ 20z +8 =0
92z (b +2)+4(bx+2)=0
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Note that we can now factor 5x + 2 out of both of these terms.

(92 4+4)bx+2)=0

Use the zero product property to set each factor equal to zero. Solve the
resulting equations for z.

9r+4=0 or 5r+2=0
9r = —4 5r = —2
4 2
.13——5 J,‘_—g

Hence, the solutions are z = —4/9 and = = —2/5.

41. The equation x? + 10z + 42 + 40 = 0 contains a power of z higher than
one. Hence, this equation is nonlinear so we must start by moving all terms
to one side of the equation, making one side equal to zero. However, this is
already done, so let’s proceed by factoring by grouping. We can factor x out
of the first two terms and 4 out of the second two terms.

22 +10x+4x+40=0
x(x+10)+4(x+10)=0

Note that we can now factor = + 10 out of both of these terms.

(z+4)(x+10)=0

Use the zero product property to set each factor equal to zero. Solve the
resulting equations for x.

r+4=0 or r+10=0
r=-—4 r=-—10
Hence, the solutions are x = —4 and z = —10.

43. The equation z? + 6x — 11z — 66 = 0 contains a power of z higher than
one. Hence, this equation is nonlinear so we must start by moving all terms
to one side of the equation, making one side equal to zero. However, this is
already done, so let’s proceed by factoring by grouping. We can factor x out
of the first two terms and —11 out of the second two terms.
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22 4+ 62 — 112 — 66 =0

z(x+6)—11(x+6)=0
Note that we can now factor  + 6 out of both of these terms.

(x—=11)(z+6)=0

Use the zero product property to set each factor equal to zero. Solve the
resulting equations for x.

r—11=0 or r+6=0
z =11 r=—6

Hence, the solutions are x = 11 and z = —6.

45. The equation 1522 — 24x + 352 — 56 = 0 contains a power of 2 higher than
one. Hence, this equation is nonlinear so we must start by moving all terms
to one side of the equation, making one side equal to zero. However, this is
already done, so let’s proceed by factoring by grouping. We can factor 3z out
of the first two terms and 7 out of the second two terms.

1522 — 242 + 352 — 56 = 0
3x (br —8)+7(bx —8) =0

Note that we can now factor 5z — 8 out of both of these terms.

(3z+T7)(52 —8) =0

Use the zero product property to set each factor equal to zero. Solve the
resulting equations for z.

3r+7=0 or 50 —8=0
7 8

r=—= T ==

3 5

Hence, the solutions are z = —7/3 and x = 8/5.
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47. The equation 22 4 22 + 9z + 18 = 0 contains a power of 2 higher than one.
Hence, this equation is nonlinear so we must start by moving all terms to one
side of the equation, making one side equal to zero. However, this is already
done, so let’s proceed by factoring by grouping. We can factor z out of the
first two terms and 9 out of the second two terms.

22 +2x+9x+18=0

z(x+2)+9(+2)=0
Note that we can now factor z + 2 out of both of these terms.

(x+9)(x+2)=0

Use the zero product property to set each factor equal to zero. Solve the
resulting equations for z.

r+9=0 or r+2=0

z=-9 T =2

Hence, the solutions are z = —9 and z = —2.

49. The equation x2 4 42 — 8z — 32 = 0 contains a power of = higher than one.
Hence, this equation is nonlinear so we must start by moving all terms to one
side of the equation, making one side equal to zero. However, this is already
done, so let’s proceed by factoring by grouping. We can factor x out of the
first two terms and —8 out of the second two terms.

22 4+4r—8x—-32=0
x(x+4)—8(r+4)=0

Note that we can now factor x + 4 out of both of these terms.
(x—=8)(z+4)=0
Use the zero product property to set each factor equal to zero. Solve the
resulting equations for x.

r—8=0 or r+4=0

=38 r=—4

Hence, the solutions are x = 8 and x = —4.
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51. Algebraic solution. The equation is nonlinear, so make one side zero by
moving all terms containing x to one side of the equation.

z? = —dx The equation is nonlinear, so
make one side zero.
22 +4r=0 Add 4z to both sides.
z(x+4)=0 Factor out GCF.

Use the zero product property to set both factors equal to zero, then solve the
resulting equations.

z=0 or r+4=0
r=—4
Hence, the solutions are x = 0 and x = —4.

Calculator solution. Load each side of the equation z?> = —4z into Y1
and Y2 in the Y= menu, then select 6:ZStandard from the ZOOM menu to
produce the following graph.

Flatl Flatz Flok:
=W EEM2
o = I £
=Wz=1
wMy=
wHe=
“ME=
M=

We need both points of intersection to be visible in the viewing window.
Adjust the WINDOW parameters as shown, then push the GRAPH button to
produce the accompanying graph.

WIHDOL
amin=-14
amax=16
necl=1
Ymin=-14
Ymax=38

Y=czl=168
Lrpres=1

Next, use the 5:intersect utility from the CALC menu to find the points
of intersection.

Inkerseckion "."'u Inktgrseckion
n=l L n="4 Y=1h
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Report the results on your homework as follows.

—10

—10 y = —4x

Hence, the solutions of 22 = —4z are x = —4 and = = 0. Note how these
agree with the algebraic solution.

53. Algebraic solution. The equation is nonlinear, so make one side zero by
moving all terms containing x to one side of the equation.

r? =5z The equation is nonlinear, so
make one side zero.
22 —5x=0 Subtract 5z from both sides.
z(r—5)=0 Factor out GCF.

Use the zero product property to set both factors equal to zero, then solve the
resulting equations.

z=0 or z—5=0
r=2>5

Hence, the solutions are z = 0 and = = 5.
Calculator solution. Load each side of the equation 22 = 5z into Y1 and Y2

in the Y= menu, then select 6:ZStandard from the ZOOM menu to produce
the following graph.
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Flatl Flatz Flok:
=W EEZ2
o] = Ik e
=Wz=1

wMy=

wHe=

“ME=

M=

We need both points of intersection to be visible in the viewing window.
Adjust the WINDOW parameters as shown, then push the GRAPH button to
produce the accompanying graph.

WIHDOL
amin=-14
amax=16
necl=1
Ymin=-14
Ymax=2d
Y=czl=168

Lrpres=1

Next, use the 5:intersect utility from the CALC menu to find the points
of intersection.

Inkerseckion Inkgrsection?
n=l s =i n=k o=k

Report the results on your homework as follows.

Y
y = z? 50 . y = bz

—10 10

- T Q=== ==

10

Hence, the solutions of 22 = 52 are 2 = 0 and = = 5. Note how these agree
with the algebraic solution.
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55. Algebraic solution. The equation is nonlinear, so make one side zero.
This is already done, so factor out the GCF.

22 4T =0 Original equation is nonlinear.

x(x+7)=0 Factor out GCF.
Use the zero product property to set both factors equal to zero, then solve the
resulting equations.

=0 or r+7=0
x =7

Hence, the solutions are x = 0 and x = —7.

Calculator solution. Load the left-hand side of the equation 22 + 72 = 0
into Y1 in the Y= menu, then select 6:ZStandard from the ZOOM menu to
produce the following graph.

Flakl Flaktz Flok:
SN BET 24T
~Yz=1
M=
“My=
“Me=
=M=
wMe=

Both z-intercepts are visible, but we really should adjust the viewing win-
dow so that the vertex of the parabola is visible in the viewing window as well.
Adjust the WINDOW parameters as shown, then push the GRAPH button to
produce the accompanying graph.

W T HOI
amin=-15
amax=3
necl=1
Ymin=-2a
Ymax=28
Vecl=1@

Lrres=1

Next, use the 2:zero utility from the CALC menu to find the points of
intersection.
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Report the results on your homework as follows.

Y
20 y=a+Tx
x
—15 - 5
' -20
Hence, the solutions of 22 + 7z = 0 are x = —7 and = = 0. Note how these

agree with the algebraic solution.

57. Algebraic solution. The equation is nonlinear, so make one side zero.
This is already done, so factor out the GCF.
22 —32=0 Original equation is nonlinear.
z(x—3)=0 Factor out GCF.
Use the zero product property to set both factors equal to zero, then solve the
resulting equations.
=0 or r—3=0
z=3
Hence, the solutions are x = 0 and x = 3.

Calculator solution. Load the left-hand side of the equation 22 — 32z = 0
into Y1 in the Y= menu, then select 6:ZStandard from the ZOOM menu to
produce the following graph.

Flatl Flatz Flok:
T = AR
M=
M=
wMy=
wHe=
“ME=
M=
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Next, use the 2:zero utility from the CALC menu to find the points of
intersection.

-y

ko ko
=i v=i H=3 v=i

Report the results on your homework as follows.

Y
10 y=a?—3x

-10 10

I

—10

Hence, the solutions of 22 — 3z = 0 are z = 0 and 2 = 3. Note how these
agree with the algebraic solution.

6.3 Factoring Trinomials I

1. We proceed as follows:

i)

ii)

iii)

Compare x? + Tz — 18 with az? 4 bz + ¢ and identify a = 1, b = 7, and
¢ = —18. Note that the leading coefficient is a = 1.

Calculate ac. Note that ac = (1)(—18), so ac = —18.

List all integer pairs whose product is ac = —18.
1,—-18 -1,18
2,—9 -2,9
3,—6 -3,6
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iv) Circle the ordered pair whose sum is b = 7.

1,-18 ~1,18
3,—6 ~3.6

v) Write the middle term as a sum of like terms using the boxed ordered
pair. Then factor by grouping.

22+ Tx — 18 = 2% — 22 + 9z — 18
=z(z—2)+9(x—-2)
=(z+9)(z—2)

3. We proceed as follows:

i) Compare 22 — 10z + 9 with az? + bz + ¢ and identify a = 1, b = —10, and
c=9. Note that the leading coefficient is a = 1.

ii) Calculate ac. Note that ac = (1)(9), so ac = 9.

iii) List all integer pairs whose product is ac = 9.

1,9 -1,-9

3,3 -3,-3
iv) Circle the ordered pair whose sum is b = —10.

3,3 -3,-3

v) Write the middle term as a sum of like terms using the boxed ordered
pair. Then factor by grouping.

2 =102 +9=2—2—-92+9
=z(z—-1)—-9(z—-1)
=(x-9)(z-1)

5. We proceed as follows:

i) Compare 2 + 14x + 45 with az? + bx + ¢ and identify a = 1, b = 14, and
c = 45. Note that the leading coefficient is a = 1.

ii) Calculate ac. Note that ac = (1)(45), so ac = 45.

iii) List all integer pairs whose product is ac = 45.

1,45 —1,-45
3,15 -3,-15
5,9 ~5,-9
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iv) Circle the ordered pair whose sum is b = 14.

1,45 —1,-45
3,15 ~3,-15

v) Write the middle term as a sum of like terms using the boxed ordered
pair. Then factor by grouping.

2% + 142 + 45 = 2% + 52 + 9z + 45
=z(x+5)+9(x+5)
=(x+9)(z+5)

7. Compare x? — 16z + 39 with az? + bz + ¢ and note that a = 1, b = —16,
and ¢ = 39. Calculate ac = (1)(39), so ac = 39. Start listing the integer pairs
whose product is ac = 39, but be mindful that you need an integer pair whose

sum is b = —16.
1,39 —-1,-39

Note how we ceased listing ordered pairs the moment we found the pair we
needed. Write the middle term as a sum of like terms using the boxed ordered
pair. Then factor by grouping.

22 — 162+ 39 =22 — 3z — 132+ 39
=z(x—3)—13(z —3)
= (z —13)(z — 3)

9. Compare 22 — 26z + 69 with az? + bz + ¢ and note that a = 1, b = —26,
and ¢ = 69. Calculate ac = (1)(69), so ac = 69. Start listing the integer pairs
whose product is ac = 69, but be mindful that you need an integer pair whose

sum is b = —26.
1,69 —1,—69

Note how we ceased listing ordered pairs the moment we found the pair we
needed. Write the middle term as a sum of like terms using the boxed ordered
pair. Then factor by grouping.

2% — 262 + 69 = 22 — 3z — 23z + 69
=z(x —3)—23(z—3)
= (xz —23)(x —3)
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11. Compare 22 — 25z + 84 with az? + bx + ¢ and note that a = 1, b = —25,
and ¢ = 84. Calculate ac = (1)(84), so ac = 84. Start listing the integer pairs
whose product is ac = 84, but be mindful that you need an integer pair whose
sum is b = —25.

1,84 —1,-84
2,42 —2,—42
3,28 ~3,-28

Note how we ceased listing ordered pairs the moment we found the pair we
needed. Write the middle term as a sum of like terms using the boxed ordered
pair. Then factor by grouping.

22— 250 +84 =22 —4x — 21z + 84
=z(x—4)—21(z—4)
=(z—-21)(xz—4)

13. Compare 22 — 13z + 36 with az? + bx + ¢ and note that a = 1, b = —13,
and ¢ = 36. Calculate ac = (1)(36), so ac = 36. Now can you think of an
integer pair whose product is ac = 36 and whose sum is b = —137 For some,
the pair just pops into their head: —4 and —9. “Drop” the pair in place and
you are done.

22 — 132436 = (v — 4)(x — 9)

15. Compare 22 + 10z + 21 with az? + bz + ¢ and note that a = 1, b = 10, and
¢ = 21. Calculate ac = (1)(21), so ac = 21. Now can you think of an integer
pair whose product is ac = 21 and whose sum is b = 10?7 For some, the pair
just pops into their head: 3 and 7. “Drop” the pair in place and you are done.

2?2+ 102421 = (x +3)(x +7)

17. Compare 22 — 4z — 5 with ax? + bz + ¢ and note that a = 1, b = —4, and
¢ = —b5. Calculate ac = (1)(—5), so ac = —5. Now can you think of an integer
pair whose product is ac = —5 and whose sum is b = —47 For some, the pair
just pops into their head: 1 and —5. “Drop” the pair in place and you are
done.

22 —dx —5=(x+1)(z —5)
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19. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

z? = -7z + 30 Original equation.
z? + 7z = 30 Add 7z to both sides.
22+ 7 -30=0 Subtract 30 from both sides.

Compare 22+ 7z — 30 with az? 4+ bz +c and note that a = 1, b = 7 and ¢ = —30.
Note that the leading coefficient is a 1. Calculate ac = (1)(—30) and list all

integer pairs whose product is ac = —30.
1,-30 —-1,30
2,-15 -2,15
3,—10 -3,10
5,—6 —5,6

Circle the ordered pair whose sum is b = 7.

1,-30 ~1,30
2,15 -2,15
5,—6 —5,6

Write the middle term as a sum of like terms using the boxed ordered pair.
Then factor by grouping.

2% =3z +102—30=0
z(r—3)+10(x—3)=0
(x=3)(x+10)=0
We have a product that equals zero. The zero product property tells us that

at least one of the factors is zero. Either the first factor is zero or the second
factor is zero.

r—3=0 or r+10=0
r=3 z=—10

Thus, the solutions of 22 + 7z — 30 are # = 3 and z = —10.

21. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

2?2 = —1lz — 10 Original equation.
22+ 11z = —10 Add 11x to both sides.
22+ 1lz+10=0 Add 10 to both sides.
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Compare 22 + 11z + 10 with az? 4+ bz + ¢ and note that a = 1, b = 11 and
¢ = 10. Note that the leading coefficient is a 1. Calculate ac = (1)(10) and list
all integer pairs whose product is ac = 10.
1,10 ~1,-10
2,5 —-2,-5
Circle the ordered pair whose sum is b = 11.

1,10 -1,-10

2,5 —-2,-5
Write the middle term as a sum of like terms using the boxed ordered pair.
Then factor by grouping.

22 +2+102+10=0
z(r+1)+10(x+1)=0
(z+1)(z+10)=0

We have a product that equals zero. The zero product property tells us that
at least one of the factors is zero. Either the first factor is zero or the second
factor is zero.

r+1=0 or z+10=0
r=—1 r=—10

Thus, the solutions of 22 4+ 11z + 10 are £ = —1 and = = —10.

23. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

22 = —15z — 50 Original equation.
22 4+ 152 = =50 Add 152 to both sides.
22 + 152 +50=0 Add 50 to both sides.

Compare 22 + 152 + 50 with az? 4+ bz + ¢ and note that a = 1, b = 15 and
¢ = 50. Note that the leading coefficient is a 1. Calculate ac = (1)(50) and list
all integer pairs whose product is ac = 50.

1,50 —1,-50
2,25 2,95
5,10 —5,-10

Circle the ordered pair whose sum is b = 15.

1,50 ~1,-50
2,25 —2,-25

—5,-10
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Write the middle term as a sum of like terms using the boxed ordered pair.
Then factor by grouping.

2% 4+ 52+ 10z + 50 = 0
z(r+5)+10(x+5)=0
(x +5)(x+10)=0
We have a product that equals zero. The zero product property tells us that

at least one of the factors is zero. Either the first factor is zero or the second
factor is zero.

r+5=0 or z+10=0
T =-5 x=-—10

Thus, the solutions of 2% + 15z + 50 are z = —5 and = = —10.

25. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

60 = 22 + 11z Original equation.
0=2x2+ 11z — 60 Subtract 60 from both sides.

Compare 22 + 11z — 60 with axz? 4+ bz + ¢ and note that @ = 1, b = 11 and
¢ = —60. Note that the leading coefficient is a 1. Calculate ac = (1)(—60) and
begin listing all integer pairs whose product is ac = —60. Stop listing integer
pairs when you find and circle a pair whose sum is b = 11.

1,-60 ~1,60
2,30 ~2,30
3,20 ~3,20

Write the middle term as a sum of like terms using the boxed ordered pair.
Then factor by grouping.

22 —4x+152—60=0
x(r—4)+15(x—4)=0
(x—4)(z+15)=0

We have a product that equals zero. The zero product property tells us that
at least one of the factors is zero. Either the first factor is zero or the second
factor is zero.

r—4=0 or rz+15=0
r=4 r=—15

Thus, the solutions of 60 = 22 + 11z are x = 4 and = = —15.
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27. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

—11 =2 — 122 Original equation.

0=2x%—-12z+ 11 Add 11 to both sides.

Compare 2 — 12z + 11 with ax? + bz + ¢ and note that a = 1, b = —12 and
¢ = 11. Note that the leading coefficient is a 1. Calculate ac = (1)(11) and
begin listing all integer pairs whose product is ac = 11. Stop listing integer
pairs when you find and circle a pair whose sum is b = —12.

Write the middle term as a sum of like terms using the boxed ordered pair.
Then factor by grouping.

> —z—1lx+11=0
z(r—1)—11(x—1)=0
(x—1)(x—11)=0
We have a product that equals zero. The zero product property tells us that
at least one of the factors is zero. Either the first factor is zero or the second
factor is zero.
r—1=0 or r—11=0

Thus, the solutions of —11 = 22 — 12z are x = 1 and = = 11.

29. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

56 = 22 + 10z Original equation.
0=2%4 10z — 56 Subtract 56 from both sides.
Compare 22 + 10z — 56 with az? 4+ bz + ¢ and note that a = 1, b = 10 and
¢ = —56. Note that the leading coefficient is a 1. Calculate ac = (1)(—56) and

begin listing all integer pairs whose product is ac = —56. Stop listing integer
pairs when you find and circle a pair whose sum is b = 10.

1,-56 ~1,56
2, —28 2,28
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Write the middle term as a sum of like terms using the boxed ordered pair.
Then factor by grouping.

2% —4r 4+ 14 — 56 = 0
z(r—4)+14(x—4)=0
(2 — 4)(a+14) = 0
We have a product that equals zero. The zero product property tells us that

at least one of the factors is zero. Either the first factor is zero or the second
factor is zero.

z—4=0 or r+14=0
r=4 r=—-14

Thus, the solutions of 56 = 2% + 10x are x = 4 and x = —14.

31. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

22 4+20=—12z Original equation.
2?24+ 120+20=0 Add 12z to both sides.

Compare 22 + 12z + 20 with ax? + bz + ¢ and note that a = 1, b = 12, and
¢ = 20. Calculate ac = (1)(20), so ac = 20. We need an integer pair whose
product is ac = 20 and whose sum is b = 12. The integer pair 2 and 10 comes
to mind. Drop this ordered pair in place.

(x4+2)(z+10)=0 Factor.

We have a product that equals zero. The zero product property tells us that
at least one of the factors is zero. Either the first factor is zero or the second
factor is zero.

r+2=0 or r+10=0
r=-2 z=—10

Thus, the solutions of 2% 4+ 20 = —12z are = —2 and x = —10.

33. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

% —36 =9z Original equation.

22—-92-36=0 Subtract 9z from both sides.
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Compare 22 — 92 — 36 with az? + bz + ¢ and note that a = 1, b = —9, and
¢ = —36. Calculate ac = (1)(—36), so ac = —36. We need an integer pair
whose product is ac = —36 and whose sum is b = —9. The integer pair 3 and
—12 comes to mind. Drop this ordered pair in place.

(x+3)(x—12)=0 Factor.

We have a product that equals zero. The zero product property tells us that
at least one of the factors is zero. Either the first factor is zero or the second
factor is zero.

z+3=0 or r—12=0
Tz =-3 x =12
Thus, the solutions of 22 — 36 = 9z are x = —3 and z = 12.

35. Because there is a power of z larger than one, the equation is nonlinear.
Make one side zero.

22 +8=—6z Original equation.

22 4+6x+8=0 Add 62 to both sides.

Compare 22 + 62 + 8 with az? + bz + ¢ and note that a = 1, b= 6, and ¢ = 8.
Calculate ac = (1)(8), so ac = 8. We need an integer pair whose product is
ac = 8 and whose sum is b = 6. The integer pair 2 and 4 comes to mind. Drop
this ordered pair in place.

(x+2)(z+4)=0 Factor.

We have a product that equals zero. The zero product property tells us that
at least one of the factors is zero. Either the first factor is zero or the second
factor is zero.

r+2=0 or z+4=0
T =—2 r=—4
Thus, the solutions of 22 + 8 = —6z are £ = —2 and z = —4.

37. Algebraic solution. The equation is nonlinear, so make one side zero by
moving all terms containing x to one side of the equation.

2=z +12 The equation is nonlinear, so
make one side zero.
2 — =12 Subtract x from both sides.
22—2x-12=0 Subtract 12 from both sides.
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Note that ac = (1)(—12) = —12. The integer pair 3 and —4 gives a product of
—12 and sums to —1, the coefficient of . Hence, we can “drop these numbers
in place” to factor.

(x+3)(zx—4)=0 Factor.

Use the zero product property to set both factors equal to zero, then solve the
resulting equations.
r+3=0 or r—4=0
r=-3 z=—4
Hence, the solutions are x = —3 and =z = 4.

Calculator solution. Load each side of the equation 22 = x + 12 into Y1
and Y2 in the Y= menu, then select 6:ZStandard from the ZOOM menu to
produce the following graph.

Flakl Flatz Flok:
R 1 - oA
sMeBR+1Z2
M=
“My=
“Me=
=M=
wMe=

We need both points of intersection to be visible in the viewing window.
Adjust the WINDOW parameters as shown, then push the GRAPH button to
produce the accompanying graph.

W T HOI
amin=-14
amax=1a
necl=1
Ymin=-14
Ymax=3Ia
Vecl=1@

Lrres=1

Next, use the 5:intersect utility from the CALC menu to find the points
of intersection.

InktgrFseckion Inktgrseckion
="z n=y

Y=1h
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Report the results on your homework as follows.

Y
30 y =22

Hence, the solutions of 22 = x + 12 are = —3 and 2 = 4. Note how these
agree with the algebraic solution.

39. Algebraic solution. The equation is nonlinear, so make one side zero by
moving all terms containing x to one side of the equation.

22 4+12=28z The equation is nonlinear, so
make one side zero.
2 —8x+12=0 Subtract 8z from both sides.

Note that ac = (1)(12) = 12. The integer pair —6 and —2 gives a product of
12 and sums to —8, the coefficient of x. Hence, we can “drop these numbers in
place” to factor.

(x—6)(z—2)=0 Factor.

Use the zero product property to set both factors equal to zero, then solve the
resulting equations.

z—6=0 or r—2=0
=26 r =2
Hence, the solutions are x = 6 and x = 2.

Calculator solution. Load each side of the equation z? + 12 = 8z into Y1
and Y2 in the Y= menu, then select 6:ZStandard from the ZOOM menu to
produce the following graph.
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Flakl Flatz Flok:
o B = AR N
R - =5

M=

“My=

“Me=

=M=

wMe=

We need both points of intersection to be visible in the viewing window.
We know the graph of y = 2 4+ 12 is a parabola and if we substitute z = 0,
we get y = 12, putting the y-intercept at (0,12), so we need to elevate the
top of the window. Adjust the WINDOW parameters as shown, then push the
GRAPH button to produce the accompanying graph.

W T HOI
amin=-14
amax=1a
necl=1
Ymin=-14
Ymax=7vH
Vecl=1@

Lrres=1

Next, use the 5:intersect utility from the CALC menu to find the points
of intersection.

4

Inkerseckion= Inkerseckion
H=z u=g

Y=1h =48

Report the results on your homework as follows.
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y=2a%4+12 70

T

-10 10

LY S ——

Y’ S

—10

Hence, the solutions of 22 + 12 = 8z are z = 2 and = = 6. Note how these
agree with the algebraic solution.

41. Algebraic solution. The equation is nonlinear, so make one side zero.
This is already done, so use the ac-method to factor. Note that ac = (1)(—16) =
—16 and the integer pair —8 and 2 has product —16 and adds to —6, the coef-
ficient of z. Hence, we can “drop” this pair in place to factor.

22 —6x—-16=0
(x=8)(z+2)=0

Use the zero product property to set both factors equal to zero, then solve the
resulting equations.

r—8=0 or r+2=0
r =38 r= -2
Hence, the solutions are x = 8 and x = —2.

Calculator solution. Load the left-hand side of the equation 22 —6x—16 = 0
into Y1 in the Y= menu, then select 6:ZStandard from the ZOOM menu to
produce the following graph.

Flatl Flatz Flok:
SN ERTE-EkE-1E
M=

M=

wMy=

wHe=

“ME=

M=
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Both z-intercepts are visible, but we really should adjust the viewing win-
dow so that the vertex of the parabola is visible in the viewing window as well.
Adjust the WINDOW parameters as shown, then push the GRAPH button to
produce the accompanying graph.

WIHDOL H j
Amin=-5
Amax=15
necl=1
Ymin=-3A
Ymax=1@
Y=z l=1@
JEres=1
Next, use the 2:zero utility from the CALC menu to find the points of
intersection.
ek Zkko
H=-z v =B v

y=2a2—6x—16
x
-5 15
Hence, the solutions of 22 — 6z — 16 = 0 are x = —2 and = = 8. Note how

these agree with the algebraic solution.

Second Edition: 2012-2013



6.3. FACTORING TRINOMIALS I 377

43. Algebraic solution. The equation is nonlinear, so make one side zero.
This is already done, so use the ac-method to factor. Note that ac = (1)(—24) =
—24 and the integer pair 12 and —2 has product —24 and adds to 10, the co-
efficient of . Hence, we can “drop” this pair in place to factor.

2?4+ 102 —24 =0
(x+12)(z—-2)=0
Use the zero product property to set both factors equal to zero, then solve the
resulting equations.

r+12=0 or r—2=0
r=—12 T =2

Hence, the solutions are x = —12 and x = 2.

Calculator solution. Load the left-hand side of the equation 22 +10x—24 = 0
into Y1 in the Y= menu, then select 6:ZStandard from the ZOOM menu to
produce the following graph.

Flatl Flatz Flok:
N ERT2+H 1Bk —-2d
-Yz=1
M=
wMy=
wHe=
“ME=
M=

We know that y = 22 + 10z — 24 = 0 is a parabola that opens upward,
but only one z-intercept is visible. We need to move the viewing window a bit
to the left to see the second z-intercept, and also move it downward so that
the vertex of the parabola is visible in the viewing window as well. Adjust the
WINDOW parameters as shown, then push the GRAPH button to produce
the accompanying graph.

WIHDOL " !
amin=-15
AMax=0
necl=1
Ymin=-&A
Ymax=16
Y=czl=168

Lrres=1

Next, use the 2:zero utility from the CALC menu to find the points of
intersection.
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cakFa ceka
n=-iz =0 =g =0

Report the results on your homework as follows.

Y
10 vy =224+ 10z — 24

X

5

—60

Hence, the solutions of 2 4+ 10z — 24 = 0 are x = —12 and = = 2. Note
how these agree with the algebraic solution.

6.4 Factoring Trinomials 11

1. We proceed as follows:

i) Compare 622 + 13z — 5 with az? + bx + ¢ and identify a = 6, b = 13, and
¢ = —5. Note that the leading coefficient is ¢ = 6, so this case is not a
“drop in place” situation.

ii) Calculate ac. Note that ac = (6)(—5), so ac = —30.

iii) List all integer pairs whose product is ac = —30.
1,-30 —1,30
2,—15 -2,15
3,—10 -3,10
5,—6 —5,6
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Circle the ordered pair whose sum is b = 13.

1,-30 ~1,30
2,-15
3,-10 —3,10
5,—6 ~5,6

If we try to “drop in place”, (z — 2)(z + 15) # 622 + 132 — 5. Right off
the bat, the product of the terms in the “First” position does not equal
622. Instead, we must break up the middle term of 622 + 132 — 5 into a
sum of like terms using our circled pair of integers —2 and 15.

622 +132—5=622> -2+ 152 —5

Now we factor by grouping. Factor 2z out of the first two terms and 5
out of the second two terms.

=2r3z—1)+53x—1)
Now we can factor out (3z — 1).

=(2x4+5)(3z—1)

3. We proceed as follows:

i

ii)

iii)

iv)

Compare 422 — 2 — 3 with az? + bz + ¢ and identify a = 4, b = —1, and
¢ = —3. Note that the leading coefficient is @ = 4, so this case is not a
“drop in place” situation.

Calculate ac. Note that ac = (4)(—3), so ac = —12.

List all integer pairs whose product is ac = —12.
1,-12 —1,12
2,—6 -2,6
3,—4 -3,4

Circle the ordered pair whose sum is b = —1.
1,-12 —1,12
2,—6 -2,6

If we try to “drop in place”, (z + 3)(z — 4) # 422 — x — 3. Right off the
bat, the product of the terms in the “First” position does not equal 4z2.
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Instead, we must break up the middle term of 422 — 2 — 3 into a sum of
like terms using our circled pair of integers 3 and —4.

4o —x —3 =42+ 3z — 4z — 3

Now we factor by grouping. Factor x out of the first two terms and —1
out of the second two terms.

=z 4z +3)—1(4x+3)
Now we can factor out (4x + 3).

=(x—1)(4z +3)

5. We proceed as follows:

i

ii)

iii)

iv)

Compare 322 + 19z + 28 with az? + bz + ¢ and identify ¢ = 3, b = 19,
and ¢ = 28. Note that the leading coefficient is a = 3, so this case is not
a “drop in place” situation.

Calculate ac. Note that ac = (3)(28), so ac = 84.

List all integer pairs whose product is ac = 84.

1,84 —1,-84
2,42 —2,-42
3,28 —3,-28
4,21 —4,-21
6,14 —6,—14
7,12 —7,-12

Circle the ordered pair whose sum is b = 19.

1,84 —1,-84
2,42 —92,-42
3,28 —3,-28
4,21 —4,-21
6,14 —6,—14

—7,-12

If we try to “drop in place”, (x + 7)(x + 12) # 322 + 19z + 28. Right off
the bat, the product of the terms in the “First” position does not equal
322. Instead, we must break up the middle term of 322 + 19z + 28 into a
sum of like terms using our circled pair of integers 7 and 12.

322 + 192 + 28 = 322 + Tz + 122 + 28
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Now we factor by grouping. Factor x out of the first two terms and 4 out
of the second two terms.

=xBr+7)+4Bx+7)
Now we can factor out (3z + 7).
=(x4+4)Bx+7)

7. Compare 1222 — 232 + 5 with az? + bz + ¢ and note that a = 12, b = —23,
and ¢ = 5. Calculate ac = (12)(5), so ac = 60. Start listing the integer pairs
whose product is ac = 60, but be mindful that you need an integer pair whose
sum is b = —23. Note how we ceased listing ordered pairs the moment we
found the pair we needed.

1,60 ~1,-60
2,30 —2,-30

If we try to “drop in place”, (z —3)(z —20) # 1222 — 23z +5. Right off the bat,
the product of the terms in the “First” position does not equal 1222. Instead,
we must break up the middle term of 1222 — 23z + 5 into a sum of like terms
using our circled pair of integers —3 and —20.

1222 — 232+ 5=1222 — 32 — 20z + 5

Now we factor by grouping. Factor 3z out of the first two terms and —5 out
of the second two terms.

=3z (4de—1)=5(4x—1)
Now we can factor out (4z — 1).

=3z —-5)(4zx—1)

9. Compare 622 + 17z + 7 with az? + bz + ¢ and note that a =6, b = 17, and
¢ = T7. Calculate ac = (6)(7), so ac = 42. Start listing the integer pairs whose
product is ac = 42, but be mindful that you need an integer pair whose sum
is b = 17. Note how we ceased listing ordered pairs the moment we found the
pair we needed.

1,42 1,42

2,21 2,21

Y

If we try to “drop in place”, (z +3)(x + 14) # 622 + 172 + 7. Right off the bat,
the product of the terms in the “First” position does not equal 622. Instead,
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we must break up the middle term of 622 + 172 + 7 into a sum of like terms
using our circled pair of integers 3 and 14.

62> + 1T+ 7=62>+ 14z +32+7

Now we factor by grouping. Factor 2x out of the first two terms and 1 out of
the second two terms.

=2x(3x4+7)+1Bx+7)
Now we can factor out (3z + 7).

=02x+1)3z+7)

11. Compare 322 + 4z — 32 with az?® + bz + ¢ and note that ¢ = 3, b = 4,
and ¢ = —32. Calculate ac = (3)(—32), so ac = —96. Start listing the integer
pairs whose product is ac = —96, but be mindful that you need an integer pair
whose sum is b = 4. Note how we ceased listing ordered pairs the moment we
found the pair we needed.

1,-96 —1,96
2, —48 —2.48
3,-32 ~3,32
4, —24 —4,24
6,—16 —6,16

If we try to “drop in place”, (z — 8)(x + 12) # 322 + 42 — 32. Right off the bat,
the product of the terms in the “First” position does not equal 322. Instead,
we must break up the middle term of 322 + 42 — 32 into a sum of like terms
using our circled pair of integers —8 and 12.

322 + 40— 32 =322 — 8z + 122 — 32

Now we factor by grouping. Factor x out of the first two terms and 4 out of
the second two terms.

=232 —8)+4(3x —8)
Now we can factor out (3z — 8).

=(x+4)(3z—28)

Second Edition: 2012-2013



6.4. FACTORING TRINOMIALS 11 383

13. Compare 322 + 28z + 9 with az? + bz + ¢ and note that a = 3, b = 28,
and ¢ = 9. Calculate ac = (3)(9), so ac = 27. We need an integer pair whose
product is ac = 27 and whose sum is b = 28. The integer pair 1 and 27 comes
to mind.

If we try to “drop in place”, (x + 1)(x + 27) # 322 + 28z + 9. Right off
the bat, the product of the terms in the “First” position does not equal 322
Instead, we must break up the middle term of 3z2 4+ 28z + 9 into a sum of like
terms using the integer pair 1 and 27.

322+ 2824+ 9=322+ 2+ 272+ 9

Now we factor by grouping. Factor x out of the first two terms and 9 out of
the second two terms.

=xBzr+1)+9Bx+1)
Now we can factor out (3z + 1).

=(x+9)Bzx+1)

15. Compare 422 — 21z + 5 with az? + bx + ¢ and note that a = 4, b = —21,
and ¢ = 5. Calculate ac = (4)(5), so ac = 20. We need an integer pair whose
product is ac = 20 and whose sum is b = —21. The integer pair —1 and —20
comes to mind.

If we try to “drop in place”, (x — 1)(x — 20) # 422 — 21z + 5. Right off
the bat, the product of the terms in the “First” position does not equal 4z2.
Instead, we must break up the middle term of 422 — 212 + 5 into a sum of like
terms using the integer pair —1 and —20.

402 =21z +5=42> — 2 — 20z +5

Now we factor by grouping. Factor z out of the first two terms and —5 out of
the second two terms.

=z(dx—1)=54x—1)
Now we can factor out (4z — 1).

=(x—5)(4x —1)
17. Compare 622 — 11z — 7 with az? + bz + ¢ and note that a = 6, b = —11,
and ¢ = —7. Calculate ac = (6)(—7), so ac = —42. We need an integer pair
whose product is ac = —42 and whose sum is b = —11. The integer pair 3 and

—14 comes to mind.
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If we try to “drop in place”, (z + 3)(z — 14) # 62% — 11z — 7. Right off
the bat, the product of the terms in the “First” position does not equal 6z2.
Instead, we must break up the middle term of 622 — 112 — 7 into a sum of like
terms using the integer pair 3 and —14.

622 —1le —7T=62>+3z— 14z — 7

Now we factor by grouping. Factor 3x out of the first two terms and —7 out
of the second two terms.

=3z(2x+1)—TQ2zx+1)
Now we can factor out (2z + 1).

= (Bz—T7)(2z+1)

19. Note that the GCF of 162°, —362*, and 1423 is 223. Factor out this GCF.

162° — 362* + 142> = 223 - 822 — 22% - 18z + 227 - 7
=22%(82% — 182+ 7)

Next, compare 822 — 18z + 7 with az? + bz + ¢ and note that a = 8, b = —18,
and ¢ = 7. Start listing the integer pairs whose product is ac = (8)(7), or

ac = 56, but be mindful that you need an integer pair whose sum is b = —18.
1,56 —1,-56
2,28 —2,-928

Break up the middle term of 822 — 18z 4 7 into a sum of like terms using our
circled pair of integers —4 and —14.

223 (822 — 18z + 7) = 223 (82 — 14z — 4a + 7)

Now we factor by grouping. Factor 2z out of the first two terms and —1 out
of the second two terms.

=22°[2z (dz — 7) — 1 (4z — 7)]
Now we can factor out (4z — 7).

=223 (22 — 1) (42 — 7)
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21. Note that the GCF of 36z*, —7523, and 2122 is 322. Factor out this GCF.

362* — 7523 + 2122 = 322 - 1222 — 322 - 250 + 322 - 7
= 32°(120% — 252 4+ 7)

Next, compare 1222 — 25z + 7 with az? + bz + ¢ and note that a = 12, b = —25,
and ¢ = 7. Start listing the integer pairs whose product is ac = (12)(7), or

ac = 84, but be mindful that you need an integer pair whose sum is b = —25.
1,84 —1,-84
2,42 —2, 42
3,28 -3,—-28

Break up the middle term of 1222 — 252 + 7 into a sum of like terms using our
circled pair of integers —4 and —21.

322 (122% — 252+ 7) = 32%(122% — 21z — 4o + 7)

Now we factor by grouping. Factor 3z out of the first two terms and —1 out
of the second two terms.

=32%[3z (dz — 7) — 1 (4z — 7)]
Now we can factor out (4z — 7).

=323z — 1)(4a — 7)

23. Note that the GCF of 6%, —3323, and 4222 is 322. Factor out this GCF.

6zt — 3323 + 4222 = 322 - 222 — 322 - 11z + 322 - 14
= 32%(22% — 11z + 14)

Next, compare 222 — 11z + 14 with az? + bz + ¢ and note that a = 2, b = —11,
and ¢ = 14. Start listing the integer pairs whose product is ac = (2)(14), or

ac = 28, but be mindful that you need an integer pair whose sum is b = —11.
1,28 ~1,-28
2,14 2,14

Break up the middle term of 222 — 11z + 14 into a sum of like terms using our
circled pair of integers —4 and —7.

322 (22 — 11lx + 14) = 32%(22% — Tz — 42 + 14)
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Now we factor by grouping. Factor x out of the first two terms and —2 out of
the second two terms.

=32%[z (2 — 7) — 2 (22 — 7)]
Now we can factor out (2 — 7).

=3z%(x — 2)(22 — 7)

25. Note that the GCF of 16z*, —36z3, and —36x2 is 422. Factor out this
GCF.

162* — 362> — 3622 = 42?2 - 42 — 422 - 9z — 427 - 9
= 42” (42® — 9z — 9)

Next, compare 422 — 9z — 9 with axz? + bz + ¢ and note that a = 4, b = —9,
and ¢ = —9. Start listing the integer pairs whose product is ac = (4)(—=9), or

ac = —36, but be mindful that you need an integer pair whose sum is b = —9.
1,-36 —1,36
2,—18 —2,18
3,—12

Break up the middle term of 422 — 92 — 9 into a sum of like terms using our
circled pair of integers 3 and —12.

42*(42* — 92 — 9) = 4a*(42* + 3z — 122 — 9)

Now we factor by grouping. Factor = out of the first two terms and —3 out of
the second two terms.

= 42” [z (42 + 3) — 3 (4z + 3)]
Now we can factor out (4x + 3).

= 4z%(z — 3)(4z + 3)

27. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

4a% = —x 4+ 18 Original equation.
472 + 2 =18 Add x to both sides.
422 + 2 — 18 =0 Subtract 18 from both sides.
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Compare 422 + x — 18 with az? + bz + ¢ and note that a = 4, b = 1, and
¢ = —18. Calculate ac = (4)(—18), so ac = —72. We need an integer pair
whose product is ac = —72 and whose sum is b = 1. The integer pair —8 and
9 comes to mind. Break up the middle term of 422 + z — 18 into a sum of like
terms using the integer pair —8 and 9.

42° + 9z — 8z — 18 =0 x =9z — 8z
x(dx+9)—2(4x+9)=0 Factor by grouping.
(x—2)(4z+9)=0 Factor out 4z + 9.

We have a product that equals zero. Use the zero product property to complete
the solution.

r—2=0 or 4dr+9=0

=2
4

Thus, the solutions of 42% = —z + 18 are z = 2 and = —9/4.

29. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

32% 416 = —14x Original equation.
372 4+ 142+ 16 =0 Add 14z to both sides.

Compare 322 4 142 + 16 with az? + bx + c and note that a = 3, b = 14, and
¢ = 16. Calculate ac = (3)(16), so ac = 48. We need an integer pair whose
product is ac = 48 and whose sum is b = 14. The integer pair 6 and 8 comes
to mind. Break up the middle term of 322 + 142 + 16 into a sum of like terms
using the integer pair 6 and 8.

32° +8x+6x+16=0 14z = 8z + 6z
x(3x+8)+2B3x+8) =0 Factor by grouping.
(x+2)(3z+8)=0 Factor out 3z + 8.

We have a product that equals zero. Use the zero product property to complete
the solution.

r+2=0 or 3r+8=0
r=-2 3z = -8
8
r=—=
3

Thus, the solutions of 322 + 16 = —14x are x = —2 and z = —8/3.
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31. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

322 + 30 = 23z Original equation.
322 —-2324+30=0 Subtract 23z from both sides.

Compare 322 — 232 4 30 with az? + bz + ¢ and note that @ = 3, b = —23,
and ¢ = 30. Calculate ac = (3)(30), so ac = 90. We need an integer pair whose
product is ac = 90 and whose sum is b = —23. The integer pair —5 and —18
comes to mind. Break up the middle term of 322 — 23z + 30 into a sum of like
terms using the integer pair —5 and —18.

32° — 5z — 182+ 30 =0 —237 = —5z — 18z
x(3x—5)—6Bx—5)=0 Factor by grouping.
(x—6)(83z—5)=0 Factor out 3z — 5.

We have a product that equals zero. Use the zero product property to complete
the solution.

r—6=0 or 3r—5=0

r=206 3r=>5
b
3

Thus, the solutions of 322 + 30 = 23z are z = 6 and = 5/3.

33. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

—7x —3 = —62° Original equation.
62> — Tz —3=0 Add 62? to both sides.
Compare 622 — 7z — 3 with ax? + bz + ¢ and note that a =6, b = —7, and
¢ = —3. Calculate ac = (6)(—3), so ac = —18. We need an integer pair whose
product is ac = —18 and whose sum is b = —7. The integer pair 2 and —9

comes to mind. Break up the middle term of 6x? — 7z — 3 into a sum of like
terms using the integer pair 2 and —9.

62° — 9z +22x—-3=0 Tz = 9z 4 2
3x (2 —3)4+1(2z-3)=0 Factor by grouping.
Bx+1)(22-3)=0 Factor out 2x — 3.

We have a product that equals zero. Use the zero product property to complete
the solution.

3xr+1=0 or 20 —3=0
3r=-—1 20 =3

1 3

xz—g xzi
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Thus, the solutions of —7z — 3 = —6x2 are z = —1/3 and = = 3/2.

35. Because there is a power of x larger than one, the equation is nonlinear.
Make one side zero.

26x — 9 = —32° Original equation.
3224260 —9=0 Add 3z? to both sides.

Compare 322 + 26x — 9 with axz? + bz + ¢ and note that a = 3, b = 26, and
¢ = —9. Calculate ac = (3)(—9), so ac = —27. We need an integer pair whose
product is ac = —27 and whose sum is b = 26. The integer pair —1 and 27
comes to mind. Break up the middle term of 322 4+ 262 — 9 into a sum of like
terms using the integer pair —1 and 27.

32° —2+27x—-9=0 26x = —x + 27
z(Bx—1)4+9Bzx—-1)=0 Factor by grouping.
(x+9)(Bzx—-1)=0 Factor out 3z — 1.

We have a product that equals zero. Use the zero product property to complete
the solution.

r+9=0 or 3r—1=0
1

r= -

3

Thus, the solutions of 26x — 9 = —322 are = —9 and . = 1/3.

37. Because there is a power of z larger than one, the equation is nonlinear.
Make one side zero.

622 = —252+9 Original equation.
622 +252 =9 Add 25z to both sides.
6224250 —9=0 Subtract 9 from both sides.

Compare 622 4 25z — 9 with az? 4+ bx + ¢ and note that a = 6, b = 25, and
¢ = —9. Calculate ac = (6)(—9), so ac = —54. We need an integer pair whose
product is ac = —54 and whose sum is b = 25. The integer pair —2 and 27
comes to mind. Break up the middle term of 622 + 252 — 9 into a sum of like
terms using the integer pair —2 and 27.

62° +27z — 22 —9=0 25z = 27z — 2%
3x(2x4+9)—1(2x+9)=0 Factor by grouping.
Bx—1)(2z+9)=0 Factor out 2z + 9.

Second Edition: 2012-2013



390 CHAPTER 6. FACTORING

We have a product that equals zero. Use the zero product property to complete
the solution.

3r—1=0 or 20+9=0

Jr=1 2r = -9
1 9
T = - Tr=—=
3 2

Thus, the solutions of 62% = —25z + 9 are x = 1/3 and z = —9/2.

39. Algebraic solution. The equation is nonlinear, so make one side zero.
That’s already done, so use the ac-method to factor. Note that ac = (2)(—5) =
—10 and the integer pair 1 and —10 has product —10 and sum —9, the coefficient
of x. Split the middle term up using this pair.

20> — 92 —5=0
20 + 1 — 10z —5=0
Factor by grouping.
2z +1)—-52z+1)=0
(x=5)2z+1)=0

Use the zero product property to set both factors equal to zero, then solve the
resulting equations.

r—5=0 or 204+1=0
r=2>5 Tr=—

Hence, the solutions are x =5 and z = —1/2.

Calculator solution. Load the left-hand side of the equation 222 —92—5 =0
into Y1 in the Y= menu, then select 6:ZStandard from the ZOOM menu to
produce the following graph.

Flakl Flatz Flok:
N BZ2E 22—k K-
M=

M=

“My=

“Me=

=M= &
wMe=

Both z-intercepts are visible in the viewing window, but we really should
adjust the WINDOW parameters so that the vertex of the parabola is visible
in the viewing window. Adjust the WINDOW parameters as shown, then push
the GRAPH button to produce the accompanying graph.
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WIHDOL
amin=-14
amax=16
wmecl=1

Ymin=-2A
Ymax=26
Y=czl=168

Lrres=1

Next, use the 2:zero utility from the CALC menu to find the z-intercepts
of the graph.

ek \—// Zkko \—//

h=-.k =i =E Y=-1E-1z

Report the results on your homework as follows.

Y

y=2x>—-9x -5

—10 10

=20

Hence, the solutions of 222 — 9z — 5 = 0 are ¢ = —0.5 and = = 5. Note
how these agree with the algebraic solution, especially when you note that
—-0.5=-1/2.

41. Algebraic solution. The equation is nonlinear, so make one side zero.
That’s already done, so use the ac-method to factor. Note that ac = (4)(—15) =
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—60 and the integer pair 3 and —20 has product —60 and sum —17, the coef-
ficient of x. Split the middle term up using this pair.

4o? — 172 —15=0
42 +3r — 20z —15=0
Factor by grouping.
z(4z+3)—5(4x+3)=0
(x=5)(4z+3)=0

Use the zero product property to set both factors equal to zero, then solve the
resulting equations.

z—5=0 or 4dr+3=0
3
:5 = ——
T T 1

Hence, the solutions are x = 5 and = = —3/4.

Calculator solution. Load the left-hand side of the equation 422 —172—15 =
0 into Y1 in the Y= menu, then select 6:ZStandard from the ZOOM menu
to produce the following graph.

Flotl Flotz Flotz
§¥1E4*H“2—1F*H—1

M=
M=
“My=
“Me=
=M=

Both z-intercepts are visible in the viewing window, but we really should
adjust the WINDOW parameters so that the vertex of the parabola is visible
in the viewing window. Adjust the WINDOW parameters as shown, then push
the GRAPH button to produce the accompanying graph.

W I HOO0
amin=-14

Ymin=-3A
Ymax=3a
Vecl=1@

Lrres=1

Next, use the 2:zero utility from the CALC menu to find the z-intercepts
of the graph.
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./ ./

cakFa cekFa
=-.rk =0 n=k =0

Report the results on your homework as follows.

Yy y=4z? — 17z — 15

R s EEmsEEeE=@

—10 10

|
S,
1
ot

Gmmmmmmmmm ==l

|
o

Hence, the solutions of 422 — 172z — 15 = 0 are £ = —0.75 and = = 5. Note
how these agree with the algebraic solution, especially when you note that
—0.75 = -3/4.

43. Algebraic solution. The equation is nonlinear, so make one side zero.
Subtract 322 and 20z from both sides.

22% = 322 + 20z
223 — 322 — 202 =0
Factor out the GCF.
x(22? — 3x —20) =0
Note that ac = (2)(—20) = —40 and the integer pair 5 and —8 have product
—40 and sum —3, the coefficient of x. Use this pair to break up the middle

term.

x(22% + 52 — 8z — 20) = 0
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Factor by grouping.

z(z(2z 4+ 5) — 42z +5)) =0
z(x —4)(2z+5)=0

Use the zero product property to set all three factors equal to zero, then solve
the resulting equations.

=0 or r—4=0 or 20 4+5=0
5
= 4 = ——
T T 5
Hence, the solutions are x = 0, z =4, and x = —5/2.
Calculator solution. Load the left-hand side of the equation 223 —322—20x =

0 into Y1 in the Y= menu, then select 6:ZStandard from the ZOOM menu
to produce the following graph.

Flakl Flaktz Flok:
N B2 E S E-FkRE -
Z2E%H
~Yz=1
M=
“My=
“Me=
=M= 1

All three z-intercepts are visible in the viewing window, but we really should
adjust the WINDOW parameters so that the turning points of the parabola
are visible in the viewing window. Adjust the WINDOW parameters as shown,
then push the GRAPH button to produce the accompanying graph.

W I HOO0
amin=-14

Ymin=-3A
Ymax=3a
Vecl=1@

Lrres=1

Next, use the 2:zero utility from the CALC menu to find the z-intercepts
of the graph.
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Zero \-}[ Z¢
n=

¥
H=-2.5 v=i i v=i

cekFa L\'/r

n=Yy Y=1E-11

Report the results on your homework as follows.

Y

50 y =223 — 322 — 20z

—10 10

50

Hence, the solutions of 22% = 322 4 20z are x = —2.5, = 0, and = = 4.
Note how these agree with the algebraic solution, especially when you note
that —2.5 = —5/2.

45. Algebraic solution. The equation is nonlinear, so make one side zero.
Subtract 24z from both sides.

1022 + 3422 = 24«
102> + 3422 — 242 =0

Factor out the GCF.

22(5x? + 172 —12) = 0
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Note that ac = (5)(—12) = —60 and the integer pair —3 and 20 have product
—60 and sum 17, the coefficient of . Use this pair to break up the middle
term.

2x(52? — 3z + 20z — 12) =0
Factor by grouping.

2z(xz(br —3) +4(5x —3)) =0
2z(x+4)(5x—3) =0

Use the zero product property to set all three factors equal to zero, then solve
the resulting equations.

20 =0 or r+4=0 or 5 —3=0
3
- 0 = —4 — —
T x =z
Hence, the solutions are x = 0, z = —4, and = = 3/5.

Calculator solution. Load the left-hand side of the equation 102% + 3422 —
242z = 0 into Y1 in the Y= menu, then select 6:ZStandard from the ZOOM
menu to produce the following graph.

Flakl Flatz Flok:

=N B1E%E™ T+ Fd k™
2=k

~Yz=1

M= ;
“My=

“Me=
=M=

All three z-intercepts are visible in the viewing window, but we really should
adjust the WINDOW parameters so that the turning points of the parabola
are visible in the viewing window. Adjust the WINDOW parameters as shown,
then push the GRAPH button to produce the accompanying graph.

W T HOI
amin=-14
amax=1a
necl=1
Ymin=-34
Ymax=135a
Ve l1=5@

Lrres=1

Next, use the 2:zero utility from the CALC menu to find the z-intercepts
of the graph.
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="y v=i =0 v=i

Z
h=.b =i

Report the results on your homework as follows.

Y

150 y = 1023 + 342? — 24x

-10 —4 0}1,0.6 10

] _50 :

Hence, the solutions of 10z3 + 3422 = 24 are x = —4, £ =0, and = = 0.6.
Note how these agree with the algebraic solution, especially when you note
that 0.6 = 3/5.

6.5 Special Forms

1. Using the pattern (a — b)? = a® — 2ab + b?, we can expand (8r — 3t)? as
follows:

(8r — 3t)? = (8r)* — 2(8r)(3t) + (3t)*
= 64r% — 481t + 9t2
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Note how we square the first and second terms, then produce the middle term
of our answer by multiplying the first and second terms and doubling.

3. Using the pattern (a + b)? = a® + 2ab + b?, we can expand (4a + 7b)? as
follows:

(4a + 7b)* = (4a)? + 2(4a)(7b) + (7)?
= 16a® + 56ab + 49b°

Note how we square the first and second terms, then produce the middle term
of our answer by multiplying the first and second terms and doubling.

5. Using the pattern (a — b)? = a? — 2ab + b?, we can expand (s® — 9)? as
follows:

(s* = 9)* = (s°)* = 2(s*)(9) + (9)°
=55 —18s% +81

Note how we square the first and second terms, then produce the middle term
of our answer by multiplying the first and second terms and doubling.

7. Using the pattern (a + b)? = a2 + 2ab + b?, we can expand (s? + 6t%)? as
follows:
(52 4 6t%)2 = (s2)% + 2(s?)(6t) + (6t2)?
= st + 12572 + 36t*

Note how we square the first and second terms, then produce the middle term
of our answer by multiplying the first and second terms and doubling.

9. In the trinomial 25s% + 60st + 36t2, note that (5s)? = 25s and (6t)% = 36t
Hence, the first and last terms are perfect squares. Taking the square roots,
we suspect that 2552 + 60st 4+ 36t2 factors as follows:

255% + 60st + 36t = (55 + 6t)*
However, we must check to see if the middle term is correct. Multiply 5s and

6, then double: 2(5s)(6t) = 60st. Thus, the middle term is correct and we
have the correct factorization of 25s? + 60st + 36¢2.
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11. In the trinomial 36v% — 60vw + 25w?, note that (6v)? = 36v% and (bw)? =
25w?. Hence, the first and last terms are perfect squares. Taking the square
roots, we suspect that 36v? — 60vw + 25w? factors as follows:

3602 — 60vw + 25w? = (6v — 5w)?

However, we must check to see if the middle term is correct. Multiply 6v and
5w, then double: 2(6v)(5w) = 60vw. Thus, the middle term is correct and we
have the correct factorization of 36v% — 60vw + 25w?.

13. In the trinomial a*+18a?b? +81b%, note that (a?)? = a* and (96%)? = 81b*.
Hence, the first and last terms are perfect squares. Taking the square roots,
we suspect that a? 4+ 18a%b? 4 81b* factors as follows:

a* 4 18a2b* + 81b* = (a? + 9b*)?

However, we must check to see if the middle term is correct. Multiply a? and
9v?, then double: 2(a?)(9b?) = 18a%b%. Thus, the middle term is correct and
we have the correct factorization of a* + 18a2b? + 81b*.

15. In the trinomial 49s* — 28s%t2 + 4t note that (7s?)? = 49s* and (2t?)? =
4t*. Hence, the first and last terms are perfect squares. Taking the square
roots, we suspect that 49s* — 28s%¢2 + 4t* factors as follows:

49s* — 285212 + 4t* = (75% — 2t2)?

However, we must check to see if the middle term is correct. Multiply 7s? and
2t2, then double: 2(7s?)(2t?) = 28s2t2. Thus, the middle term is correct and
we have the correct factorization of 49s* — 28522 + 4t4.

17. In the trinomial 495% — 11253 + 64, note that (76%)% = 496° and (8)? = 64.
Hence, the first and last terms are perfect squares. Taking the square roots,
we suspect that 496 — 1123 + 64 factors as follows:

49b% — 1126% 4 64 = (70 — 8)?

However, we must check to see if the middle term is correct. Multiply 7% and
8, then double: 2(7b%)(8) = 112b%. Thus, the middle term is correct and we
have the correct factorization of 4965 — 11253 + 64.

19. In the trinomial 497 + 11273 + 64, note that (7r®)2 = 49r° and (8)% = 64.
Hence, the first and last terms are perfect squares. Taking the square roots,
we suspect that 4976 4+ 11273 4 64 factors as follows:

497% + 112r° + 64 = (7r° + 8)?

However, we must check to see if the middle term is correct. Multiply 7r3 and
8, then double: 2(7r3)(8) = 112r%. Thus, the middle term is correct and we
have the correct factorization of 4976 + 11213 + 64.
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21.
23.

25. In the trinomial —48b3 + 120b% — 75b, we note that the GCF of 48, 12002,
and 75b is 3b. We first factor out 3b.

—48b% 4 1200 — 75b = 3b(—16b* + 40b — 25)

However, the first and third terms of —16b% + 40b — 25 are negative, and thus
are not perfect squares. Let’s begin again, this time factoring out —3b.

—48b% 4 1200 — 75b = —3b(16b> — 40b + 25)

This time the first and third terms of 166> — 40b 4 25 are perfect squares. We
take their square roots and write:
= —3b(4b — 5)?

We must check that our middle term is correct. Because 2(4b)(5) = 40b, we do
have a perfect square trinomial and our result is correct.

27. In the trinomial —5u® — 30u* — 45u>, we note that the GCF of 5u®, 30u?,
and 45u? is 5u3. We first factor out 5u3.

—5u® — 30u* — 45u® = 5u’(—u® — 6u — 9)

However, the first and third terms of —u? — 6u — 9 are negative, and thus are
not perfect squares. Let’s begin again, this time factoring out —5u3.

—5u® — 30u* — 45u® = —5ud(u? 4 6u + 9)

This time the first and third terms of u? + 6u + 9 are perfect squares. We take
their square roots and write:
= —5u(u + 3)?

We must check that our middle term is correct. Because 2(u)(3) = 6u, we do
have a perfect square trinomial and our result is correct.

29. In (21c + 16)(21c — 16), we have the exact same terms in the “First” and
“Last” positions, with the first set separated by a plus sign and the second set
separated by a minus sign. Using the difference of squares pattern (a + b)(a —
b) = a? — b2, we square the “First” and “Last” positions, then place a minus
sign between the results. Hence:
(21c +16)(21c — 16) = (21¢)* — (16)?
= 441¢* — 256
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31. In (5 + 192)(5z — 192), we have the exact same terms in the “First” and
“Last” positions, with the first set separated by a plus sign and the second set
separated by a minus sign. Using the difference of squares pattern (a + b)(a —
b) = a® — b?, we square the “First” and “Last” positions, then place a minus
sign between the results. Hence:

(52 +192)(5z — 192) = (52)% — (192)?
= 2522 — 36123

33. In (3y* + 232%)(3y* — 232%), we have the exact same terms in the “First”
and “Last” positions, with the first set separated by a plus sign and the second
set separated by a minus sign. Using the difference of squares pattern (a +
b)(a — b) = a® — b?, we square the “First” and “Last” positions, then place a
minus sign between the results. Hence:

(3y* + 2324 (3y* — 232%) = (3y*)? — (232%)?
= 9y® — 52928

35. In (87° + 19s°)(8r° — 19s5°), we have the exact same terms in the “First”
and “Last” positions, with the first set separated by a plus sign and the second
set separated by a minus sign. Using the difference of squares pattern (a +
b)(a — b) = a® — b?, we square the “First” and “Last” positions, then place a
minus sign between the results. Hence:

(875 4+ 195%)(87° — 195°) = (8r°)% — (19s°)?
= 64r'" — 3615

37. In 36122 — 529, note that we have two perfect squares separated by a
minus sign. Note that (192)? = 36122 and (23)? = 529. Using the difference
of squares pattern a? — b2 = (a + b)(a — b), we take the square roots, separate
one pair with a plus sign and one pair with a minus sign. Hence:

36122 — 529 = (192 + 23)(192 — 23)

39. In 1602 — 169, note that we have two perfect squares separated by a minus
sign. Note that (4v)? = 1602 and (13)? = 169. Using the difference of squares
pattern a? — b? = (a + b)(a — b), we take the square roots, separate one pair
with a plus sign and one pair with a minus sign. Hence:

16v% — 169 = (4v + 13)(4v — 13)
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41. In 16922 — 576y2, note that we have two perfect squares separated by a
minus sign. Note that (13z)? = 16922 and (24y)? = 576y2. Using the difference
of squares pattern a? — b2 = (a + b)(a — b), we take the square roots, separate
one pair with a plus sign and one pair with a minus sign. Hence:

1692% — 576y% = (13 + 24y)(13x — 24y)

43. In 529r2 — 28952, note that we have two perfect squares separated by a
minus sign. Note that (237)% = 529r2 and (17s)? = 289s2. Using the difference
of squares pattern a® — b2 = (a + b)(a — b), we take the square roots, separate
one pair with a plus sign and one pair with a minus sign. Hence:

5297r% — 289s% = (23r 4 175)(23r — 17s)

45. In 497% — 256, note that we have two perfect squares separated by a
minus sign. Note that (7r3)? = 49r¢ and (16¢%)? = 256t5. Using the difference
of squares pattern a? — b2 = (a + b)(a — b), we take the square roots, separate
one pair with a plus sign and one pair with a minus sign. Hence:

49r% — 2561° = (7r® + 16t3)(7r® — 16t%)

47. In 36u'® — 25w'°, note that we have two perfect squares separated by
a minus sign. Note that (6u°)? = 36ul® and (5w®)? = 25w!®. Using the
difference of squares pattern a? —b? = (a +b)(a — b), we take the square roots,
separate one pair with a plus sign and one pair with a minus sign. Hence:

36u'’ — 25w = (6u° + 5uw®)(6u’® — 5w?)

49. In 72y° — 24213, the GCF of 72y° and 242y3 is 2y3. Factor out 2y3.

72y° — 24243 = 293(36y% — 121)
Note that we have two perfect squares separated by a minus sign. Note that
(6y)? = 362 and (11)? = 121. Using the difference of squares pattern a? —b? =
(a+b)(a —b), we take the square roots, separate one pair with a plus sign and
one pair with a minus sign. Hence:

2y3(36y* — 121) = 2y (6y + 11)(6y — 11)

Thus, 72y° — 242y% = 2y3(6y + 11)(6y — 11).
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51. In 1444a3b — 324ab>, the GCF of 1444a®b and 324ab> is 4ab. Factor out
4ab.
1444a%b — 324ab® = 4ab(361a® — 81b?)

Note that we have two perfect squares separated by a minus sign. Note that
(19a)? = 361a? and (9b)? = 81b%. Using the difference of squares pattern
a?—b? = (a+0b)(a—b), we take the square roots, separate one pair with a plus
sign and one pair with a minus sign. Hence:

4ab(361a? — 81b%) = 4ab(19a + 9b)(19a — 9b)

Thus, 1444a®b — 324ab® = 4ab(19a + 9b)(19a — 9b).

53. In 57623z — 1156223, the GCF of 57623z and 1156x23 is 4xz. Factor out
dxz.
576232 — 115622° = 4a2(14422 — 28922)

Note that we have two perfect squares separated by a minus sign. Note that
(122)% = 14422 and (17z)% = 28922, Using the difference of squares pattern
a?—b? = (a+0b)(a—b), we take the square roots, separate one pair with a plus
sign and one pair with a minus sign. Hence:

4oz (1442 — 2892%) = 4xz(122 4+ 172) (122 — 172)

Thus, 576232 — 1156223 = 4z2(122 + 172) (122 — 172).

55. In 576t* — 4¢2, the GCF of 576t* and 4t2 is 4t>. Factor out 4t°.
57611 — 4t? = 417 (144¢% — 1)

Note that we have two perfect squares separated by a minus sign. Note that
(12t)? = 144¢* and (1)? = 1. Using the difference of squares pattern a® — b? =
(a+b)(a —b), we take the square roots, separate one pair with a plus sign and
one pair with a minus sign. Hence:

44714417 — 1) = 42 (12t + 1) (12t — 1)
Thus, 576t* — 412 = 4t2(12t + 1)(12t — 1).
57. In 81z% — 256, we have the difference of two squares: (92?)? = 81z* and

(16)2 = 256. First, we take the square roots, 922 and 16, then separate one set
with a plus sign and the other set with a minus sign.

81z* — 256 = (922 + 16)(92> — 16)
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Note that 922 + 16 is the sum of two squares and does not factor further.
However, 922 — 16 is the difference of two squares: (3z)? = 922 and (4)? = 16.
Take the square roots, 3x and 4, then separate one set with a plus sign and
the other set with a minus sign.

= (922 +16)(3z + 4)(3z — 4)

Done. We cannot factor further.

59. In 81z* — 16, we have the difference of two squares: (922)? = 81z* and
(4)%2 = 16. First, we take the square roots, 922 and 4, then separate one set
with a plus sign and the other set with a minus sign.

8lz* — 16 = (922 +4)(92% — 4)

Note that 922 + 4 is the sum of two squares and does not factor further.
However, 922 — 4 is the difference of two squares: (3z)? = 922 and (2)? = 4.
Take the square roots, 3x and 2, then separate one set with a plus sign and
the other set with a minus sign.

= (922 +4)(3z +2)(3z — 2)
Done. We cannot factor further.

61. We factor by grouping. Factor an z? out of the first two terms and a —9
out of the second two terms.

2422 —92-9=22(2+1) -9z +1)
Now we can factor out a z + 1.
= (22 -9)(z+1)

We're still not done because 22 — 9 is the difference of two squares and can be
factored as follows:

=(z+3)(z-3)(z+1)

63. We factor by grouping. Factor an 22 out of the first two terms and a —y?
out of the second two terms.

o — 227y — wy® + 2 = 2% (v — 2y) — P (x — 2y)
Now we can factor out a x — 2y.
= (z* —y*)(z — 2y)

We're still not done because 22 — 32 is the difference of two squares and can
be factored as follows:

= (z +y)(z —y)(z —2y)

Second Edition: 2012-2013



6.5. SPECIAL FORMS 405

65. We factor by grouping. Factor an 72 out of the first two terms and a —25¢2
out of the second two terms.

% — 3r2t — 25012 4 75t° = r?(r — 3t) — 25t%(r — 3t)
Now we can factor out a r — 3t.
= (r* — 25t%)(r — 3t)

We're still not done because r2 — 25¢2 is the difference of two squares and can
be factored as follows:

= (r 4 5t)(r — 5¢t)(r — 3t)

67. We factor by grouping. Factor an x2 out of the first two terms and a —16
out of the second two terms.

223 + 22 — 320 — 16 = 2% (22 4+ 1) — 16(2z + 1)
Now we can factor out a 2z + 1.
= (2 - 16)(2z + 1)

We're still not done because 22 — 16 is the difference of two squares and can
be factored as follows:

=(x+4)(z—4)2x+1)

69. The equation is nonlinear, so start by making one side equal to zero.

223 + 72 = 722 4+ 252 Original equation.
223 4+ Tx? — 722 = 252 Subtract 72z from both sides.
203 + Ta? — 722 — 252 =0 Subtract 252 from both sides.

We now have a four-term expression, so we’ll try factoring by grouping. Factor
x? out of the first two terms, and —36 out of the second two terms.

2220 +7) —36(224+7) =0 Factor by grouping.
(x? —36)(2x +7) =0 Factor out 2z + 7.
The first factor has two perfect squares separated by a minus sign, the difference
of squares pattern. Take the square roots of each term, making one factor plus

and one factor minus.

(x+6)(z—6)2z+7)=0 Factor using difference of squares.
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The polynomial is now completely factored. Use the zero product property to
set each factor equal to zero, then solve each of the resulting equations.

r+6=0 or r—6=0 or 20+ 7=0

7
T xT xT )

Hence, the solutions of 223+ 72% = 72x+252 ate 2 = —6, 2 = 6, and v = —7/2.

71. The equation is nonlinear, so start by making one side equal to zero.

23 4+ 522 = 642 + 320  Original equation.
22 + 52% — 642 = 320 Subtract 64z from both sides.
22+ 522 — 642 — 320 =0 Subtract 320 from both sides.

We now have a four-term expression, so we’ll try factoring by grouping. Factor
22 out of the first two terms, and —64 out of the second two terms.

2*(x 4+ 5) — 64(x +5) =0 Factor by grouping.
(z? —64)(x +5) =0 Factor out x + 5.

The first factor has two perfect squares separated by a minus sign, the difference
of squares pattern. Take the square roots of each term, making one factor plus
and one factor minus.

(z+8)(z—8)(z+5)=0 Factor using difference of squares.

The polynomial is now completely factored. Use the zero product property to
set each factor equal to zero, then solve each of the resulting equations.

r+8=0 or r—8=0 or r+5=0
T =-8 r=2_8 T =-5

Hence, the solutio