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91. Area = Length - Width, soWidth = 12
Length
23+ -6x—9
Length = T 3 =X 3
x2 -3
2x+3)23+ 32— 6x— 9
23 + 3x?
—6x—9
—6x—9
95. xis not a factor of the numerator.
n(x)
99. True. If% = q(x), thenn(x) = d(x) - q(x).

Section 4.6  Solving Rational Equations

1. () x=0 (b) x=-1
0024 -1 _-124
3 5 3 3 5 3
022 —5_-322
3 15 15 15
Not a solution -5 322
15 15 15
-2 20
715
Not a solution
3. (@) x=-1 (b) x=1
-1 3 2 1 3 2
7+ = — — =
4 Tacp 4 am Tt
-1,-32 1,32
4 + 2 =1 Z+Z:1
-1+#1 1=1
Not a solution .
Solution

93.

97.

(©

(©

Volume = Areaof triangle - Height (of prism)

Volume

Areaof triangle = m

:x3+18x2+80x+96
X+ 12

=x2+ 6x + 8
. 1 .
Areaof triangle = > Base - Height

2(Areaof triangle)

Height = Base

2+ 6x+ 8
B X+ 2

=2Xx+ 8 or 2(x + 4)

A divisor divides evenly into a dividend when the
remainder is 0 and the divisor is a factor of the dividend.

1
X—8 (d) x =10
2
s _1/824 F-52%
3 5 3
50 30?2
1 124 — - ==
2 10 3 15 15 15
5 32160 ==
120 120 120
2 160 Solution
120 © 120
Not a solution
Xx=3 (d)y x=2
3 3 ? 2 3 ?
4 —= -4 —=
4 43 1 4 42 L
3 32 4 32?
Z+E—l 8+8—l
3 172 7
Z+Z_1 8#1
1=1 Not a solution

Solution
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X 2 J10 2?2 z+2_, z 8+272 8
5. 6_1_5 Check: 6 1—3 7. 3 - 1 Check 3 =4 P
X 2 5 322 z+ 2 z 10?212 2
6(6_1)_<§>6 373 3 12( 3 )—(4*5)12 373 3
x—6=4 2_2 4z+2)=48-12 10 _ 10
x =10 3 3 47+ 8=48 -z 3 3
5z =40
z=8
y-9_, 3 (-3) —9 2 9\ 3
9. 6 Sy 4 Check: 6 = <—§> - Z
<1z>(2y - 9) _ (Sy - §)<1z> 1<_L8 _ @) 2 21 4
6 4 6\ 32 32 R R
22y —9 =36y -9 1< 306) ? 51
4y — 18 =36y — 9 6\ 32 32
-9=132 51 _ 8l
32 32
9 _
2 Y
4 _t L4102 .10 Sy-1 y__1
11. 3—15 6 Check: 3 =15 6 13. o +3— 2
4 _ _t 40245 5 Sy—-1 X>_<_1>
6<3) <15 6)6 33 3 12( o t3) = a2
8t=90—-t 40 _ 40 5y —1+4y=-3
ot = 90 3 38 gy = —2
t =10 __2
Y= 79
h+2 h-1 2 T2 11992
nre_N=71_2 . 4 _ 4 2z
15. 5 9 3 Check: 5 ) 3
(M2 n-i)_(2) 1.8 Y1 422
5 9 3 5\4  4) 94 4) 3
9 +2) —5h—-1)=30 ;(g)_;(g)gg
9h + 18 — Bh + 5 = 30 S\4/ 9\4/ 3
4h + 23 = 30 3 122
4 12 3
4h =7
9 122
_7 12 12 3
h_4
822
12 3
2_2
33
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X+5 3-8 _4-4 . L+5 3P-824-(9
17 4 3 12 Check: 4 3 1
12<x+5_3x—8>:(4—x>12 1<§+@),1(@,%>2i(¥,§)
4 3 12 4\ 8 8 3\ 8 8 12\ 8 8
3(x+5) — 4(3x — 8) = 4 — x ;(@)_;(@);i(_g)
X+ 15—-12x+32=4—x 48 3\8 12 8
Cox 4 47 =4 x 1(@ @)ZE<_£>
8\ 4 3 8\ 12
—8x = —43
;@_&)z;(_g)
_ 43 8\12 12/ 8\ 12
X=g
Yy _y
8\ 12 8\ 12
9 1 . 2.1
19. 25—y_721 Check: % _6l 4
9 1 9 1
4(25—y)<257y> (—4>4(25—y) %~ "2
36=—(5-y) 11
36=-25+y 44
6l=y
12_5 g _ 1225 4_7_ 1 4 7
21. ~ 53 Check: 5 g—s 23. x 5 2 CheckE 5<26
5 -5 _5
12 5 4 7 1
3a< —Z>—(3)3a 5_@:§ 10X<;—§>—<—5>10X _@4_12 1
15a — 36 = 5a 183 40 — 14 = —5x % 26 2
15 10 5 13?2 1
1 = - _ == = — == = =
Oa = 36 3 3= 3 26 5x % 5
36 26
a=710 5_3 5" 211
3 3 2 2
.18
5
2 1 12 12
25. y+5+2—2 Check.3+5+2—2
12 1) _ 3. 1_
2(y+5)(y+5+5>—(2)2(y+5) 2+2—2
24+ y+5=4(y+5) 522
y+29=4y+ 20 2
2=2

9 =3y
3=y
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5 25 .52 25
27 X 3x+2) Check: 3= 33+ 2)
5 25 5 25
+22) = ls—= + ===
3 2)<x> (3(x + 2))3)((’( 2) 3715
15(x + 2) = 25x 5_5
15x + 30 = 25x 303
30 = 10x
3=X
8 1 , 8 2 1
29. X+5 x+2 Che°k‘3(—%)+5_—%+2
8 _ 1 8 _ 1
(3x+5)(x+2)(3x+5)—<X+2>(3X+5)(X+2) T BT O D
8(x+2 =3+5 8 1
8 _1
8+ 16=13x+5 0 5
Bx = —11 2
__u
5
3 1 1 12 1
31. -=== Check: 7=
X+2 X 5% % % 5(%)
3. 1\ (1 3_1_1
5x(x+2)<x+2—;>—<5X)5x(x+2) DTITD
15X — 5(X + 2) = X + 2 9 _3_3
15x —5x — 10 =x + 2 0 4 2
10x —10=x+ 2 LB—E i
20 20 20
9x = 12
3_3
12 20 20
*= 79
w=2
3
1_18 . 1218 12 18
33. 5= % Check: 2~ & 27 (—6p2
1 18 1 18 1 18
2[ =) = (=2 )oy2 -=_=° =_=°
2 (2) <x2)zx 2736 2736
x* = 36 1_1 1_1
X2 — 36 =0 2 2 2 2

(x—6)(x+6)=0
X=6 x= -6
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2
3. Zoa check: 222 22254
t<$) = (20t 8=8 -8
32 = 2t2
16 = t2
0=1t2-16
0=(t—4)(t+ 4
t=4 t=-4
2 2
37. x+1:E Check:—9+1=‘7—2 +1=7—2
X -9 8
x(x+l)=(7—2>x —8=-8 9=9
X
X2+ x=T72
X2+x—72=0
x+9x—-8=0
XxX=-9 x=8
16 39 ? 16 ?216 39
: 1==—-= 1EZ - Lo
39 y ¥ Check: 1 13 1 3 7
16 39 16 16 13
2 — |2 27 \2 -2 _ 2 _ = _
A [y yz]y 1= 3 3
y? = 16y — 39 1=1 1=1
y>?— 16y + 39 =0
(y—13)(y—-3 =0
y=13 y=3
2X 5
4l 3x-10 x
2X 5
X(3x — 10)( %= 10 ;) = (0)x(3x — 10)
2x2 —5(3x—10 =0
2X2—15x+50=0
No real solution
2 __ . = = —
43, 5X<%<> _ <x - 5X>5x Check: x=0 X 5
X 20)?2*-50  2(-5) 2 (~5?—5(-5)
2x2 = x2 — bx 5 5 5(—5)
X2+ 5x=0 0 # undefined —10 _25+25
Xx+5 =0 sox = 0 is extraneous. 5 -2
—2=-2
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2 3 1 2 3 21
45. - == : - £ =
5 6q+5 4(6q+5 28 Check: 56) + 5~ 4/6(5) + 5] 28
2 3 1 2 3 21
+ - == + - =
28(6q 5)<6q + 5 46q+ 5)) (28)28(6q 2 30+5 430+5 28
28(2) — 7(3) = 69 + 5 2 3 21
56— 21 = 6 + 5 35 4(35) 28
35— 6g+ 5 8 321
140 140 28
30 = 6q
5 21
5= 140 28
1_1
28 28
4 17 4 17 2
47. + =3 Check: + £3
2x+3 5x—3 ec 2(,%)+3 5(7%)73
4 17 4 17 2
(5x—3)(2x+3)<2x+3+5x_3>—(3)(2X+3)(5x—3) _%+%+_%_%—3
4(5x — 3) + 17(2x + 3) = 3(10x2 + 9x — 9) 4,17 2,
ERRE:
20x — 12 + 34x + 51 = 30x + 27x — 27 0 1
0 = 30x2 — 27x — 66 4,12,
5 -2
0=10x2 — 9 — 22 ° 2
5+ -2<3
0= (10x + 11)(x — 2
(10K + 11)(x ~ 2 s
x—fE X=2 4 17 ?
T : + <
Check 22 +3 ¥ 52 -3 °
4 172
?+7—3
3=3
2 3 6 _
49 X—10 x-2 - 12x+ 20 Check
2 3 6 2 3 2 6
- - 20— 10 20— 2 (202 — 12(20) + 20
x—10 x—2 (x—10)(x— 2 (20) (20)
2 3 6 2_32 6
- - - - - - 10 18 400 — 240 + 2
(x — 10)(x 2)()(_10 x—2> ((x—lO)(x—Z))(X 10)(x — 2) 0 8 00 — 240 + 20
1 12 6
20x — 2) — 3(x — 10) = 6 5= 5= 185
X—4-3x+30=6 6 5 1
“X+26=6 30 30 30
—x=-20 1 _ 1
30 30

Solving Rational Equations 253
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3
5+3 ?
51. X+*3, 4 5.0 Check: 2, >+ -2~ 229
-9 3-x 3F-9 3-3
3 6
X+3 4 5t5 4 ?
- —-2=0 + -2=0
(x—3)x+3 x-—-3 P R
9
1 4 - _ 24,2
(x 3)()(_3 — 2>—O(x 3) _%4—% 2=0
_4_ _9) = 5
1-4-2x-3) =0 ,§+gfgio
-3-2x+6=0
—2Xx = —3 0=0
x=23
2
X 3x —2(x — 6) 3 33 ? —2(3-6)
53 Xx—2 x—4 X-6x+8 Check: 33 34" 7603 +8
X 3x —2(x — 6) ) 9 ?2 6
_ _ + - _ _ 4 =
(= 2)(x 4)(X—2 x—4> <(x—4)(x—2) x =20 =4 3 -1 -1
X(x —4) + 3x(x — 2) = —2(x — 6) —6=—
X2 — 44X+ 3X2 —6x = —2x+ 12 Check
42 - 8x—12=0 -1 n 3(-1) 2 —2(—1—-6)
—1 — 1 —4 (=12 — 6(—
% _3-0 1-2 1-4 (-12-6(-1) +8
1 3214
— +1) = — 422
x—3)(x+1=0 3+5 15
x=3 x=-1 EJFEZE
15 15 15
14 _14
15 15
2x+7) ., 2x+20 2A-4+7 . 22-4)+20
2 x+4 ‘T x+8 Check =4+ a "2 24 +8
2(x + 7) ) <2X+20) 6 12
+ -2 = + = — =
2 4)<x+4 20 + 2)2X T4 0 %70

Ax+7) —2-2x+4)=2x+20
4x + 28 —4x — 16 = 2x + 20

12=2x+ 20
-8 =2x
—4 =X

Division by zero is undefined. Solution is extraneous, so equation has no solution.
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S7. 525 Check:3=?2_2 225
2 4.1 2 1 27, 1
X 3 2
, 3 3_1 1
x_ 7 x x 272 -2
2 -1 3 1
” 3_3 ?
T L
X(x — 1) = (2x — 3)2
xX2—x=4x—6
X2 —-5x+6=0
x—3)(xx—2 =0
x=3 x=2
59. x-intercept: (—2, 0) 61. x-intercepts:(—1, 0) and (1, 0)
Ozitg O=x—%
x-20 = (2 2)x-2) 0 = (- L)
0=x+2 0=x2-1
—-2=X 0=(x-1x+1)
Xx—1=0 x+1=0
x=1 x=-1
63. (a) Keystrokes: 8
¥ 0 F 040 B 0K & 50 G _J
x-intercept: (4, 0) -40 30
(b)02§+g =
0=x—4
4 =x
65. Keystrokes: 6
v=11E 19 © 4B 0K O 50) G L
x-intercept: (1, 0) - 12
0
x(x—5)(0)=(1+ 4 )x(x—S)
X xX—-5
0=x—-5+4x
5=05x

1=x
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67. Keystrokes:

1036
x-intercepts:(—3, 0) and (2, 0)

0=(x+1) -2

x@=[u+3—ax

0=x2+x—-6
=x+3x-2
x+3=0 x—2=0
x=-3 X=2

)

/

/

—

71. Verbal Model:

Labels:

Equation:

73. Verbal Model:

Labels:

Equation:

-10

Numbe[| + Reciproca’ =

Number = x

Reciprocal =

X +

8

8x<x + %) = (%)SX
8x%2 + 8 = 65x
8x>? —65x+8=0
Bx—1x—-8 =0
1

8

1
X
1_65
X

X = Xx=28

| Distance} + | Rate| = | Time|

~ [Time]
Time traveled _ Time traveled
with wind without wind

Speed of thewind = X

680 _ 520
300 +x 300 — x
680 520

(300 + x)(300 — x)(300 n x) = (300 —

680(300 — x) = 520(300 + X)
204,000 — 680x = 156,000 + 520x
—1200x = —48,000

X = 40 miles per hour

69. (a) Keystrokes:

=) (O X198 ()10 (3 12(x] (X.1.9) (GRAPH)
x-intercepts:(—3,0) and4, 0)

0 0=(-1-2

0=x2—-x-12

0=(x—-4)(x+3
X=—4=0 x+3=0

X=4 X=-3

1

X)(SOO + X)(300 — x)
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75. Verbal Model: [ Distancd = | Rate] - | Time|
Distance person 1 | _ | Distance person 2
Rate person 1 Rate person 2
Labels: Rateperson1 = x + 2
Rate person 2 = x
o 5> _4
Equation: 12 x
5 4
X(x + 2)()( n 2> = (;)x(x +2)
5x = 4(X + 2)
bx = 4x + 8

x = 8 mph person 2
X + 2 = 10 mph person 1

77. Verbal Model: [ Distancd = | Rate] - | Time|
Distance _ Time
Rate
Time traveleg N Time traveled Total
upstream downstream |~ | time
Labels: Speed of the current = x
L 48 48
Equation: 20— x + 01 x 5
48 48
(20 — x)(20 + x)(20 _— + 20 + x) = (5)(20 — x)(20 + x)
48(20 + x) + 48(20 — x) = 5(400 — x?)
960 + 48x + 960 — 48x = 2000 — 5x
1920 = 2000 — 5x?
5x2 = 80
x? =16
X = 4 mph
79. Verbal Cost per person_ | Cost per person_
Model: current group new group
Labels: Persons in current group = x
Personsin new group = x + 2
Equation: 240000 _ 240,000 _ 4000
X X+ 2
240,000 240,000

X X+ 2

X(x + 2)( ) = (4000)x(x + 2)

240,000(x + 2) — 240,000x = 4000(x? + 2x)
240,000x + 480,000 — 240,000x = 4000x? + 8000x
0 = 4000x? + 8000x — 480,000
0=x%>+2x— 120
0= (x+ 12)(x — 10)
Xx+12=0 x—10=0
Xx=-12 x = 10 people
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81. Verbal Cost per person_ | Cost per persop_
Model: original group new group
Labels: Persons in current group = x

Personsin new group = x + 3
Equation: 78000 _ 78000 _ 1549
X x+3
78,000 78,000
+ - = +
x(x 3)( %00 _ 788 3) (1300)x(x + 3)

78,000(x + 3) — 78,000x = 1300x(x + 3)
78,000x + 234,000 — 78,000x = 1300x2 + 3900x
0 = 1300x? + 3900x — 234,000
0= x%+ 3x — 180
0= (x+ 15(x — 12)

x = —15 x = 12 persons
83. (a) Keystrokes: 1,000,000
(v=] (0 120,000%T.9) 0J (=] (d 10d] (X.T.9)
Verbal | 120,000p
(b) Model: T 1100-p
120,000 ’ -
oo _ ,000p 0
Equation: 680,000 = 100 ->p b
(100 — p)(680,000) — (%Ofoé))(loo ~p)
68,000,000 — 680,000p = 120,000p
68,000,000 = 800,000p
85% =p
1 1 1 1 1 1 1 1 1
85. -+ =7 2te=7 ctor=7 Person #1] Person #2 Together
6 6 t 3 5 t 5 25 t
t+t=6 5t + 3t = 15 1 1 1 6 hours 6 hours 3 hours
-4+ ===
2% =6 8t = 15 5 % t 3 minutes| 5 minutes % minutes
t = 3hours 15 1 + 2_1 5 hours 2% hours % hours
t= 5 minutes 5 5 t
t+2t=
3t =
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87. Verbal Model:

Labels:

Equation:

89. Verbal Model:

Labels:

Equation:

9L Y = "1000 — 930)

_ 87,709 — 1236(1) _

1000 — 93(1)

_ 87,700 — 1236(2) _

1000 — 93(2)

93. (a) Domain = {4, 6,
(b) 700

87,709 — 1236(0) _

[ Rate Person [+ [ Rate Person p= | Rate Togethdr

Second landscaper'stime = x

First landscaper'stime = —x

1,1_1
X 3x 9
1 2 1
4+ ===
9x(x 3x) <9>9x
9+6=xX
15 hours = x
1 45 3
225 hours = 5 = EX

[Rate Pipe 1+ | Rate Pipe 2= | Rate Togethdr

Second pipe'stime = x

First pipe'stime = §x

4
1,1 _1
X 2x 5
1 4 1
5X(; + &) = <g>5X
5+4=x
9 hours = x
1 45 5
112 hours = i ZX
87,709 — 1236(3) _
~ 87.7 =000 _ o33 ~ 1165
_ 87,709 — 1236(4) _
~ 053 y = 1000 — 93(4) 93(4) ~ 131.8
_ 87,709 — 1236(5) _
~ 104.7 y = 1000 = 93(5) 93(5) ~ 152.4
8,10, ...} (c) 135 =434 + 9?:233
916 = 9353
X
2 _ 9353
91.6

x = 10d
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10 . 10 10 10
95. (d) t(x)=5_x+5+x (e)t(x)=5_4+5+4
.10 . 10 .10 90 10 100
G =5 xT51x t=10+9=9+49 "
_ 25\ _( 10 10 _ t(x) = 115 or 11.1 hours
45 x)(5+x)<4)—<5_x+5+x>4(5 X)(5 + %

Yes
25(25 — x3) = 40(5 + x) + 40(5 — x)

625 — 25x2 = 200 + 40x + 200 — 40x
0= 25x2 — 225
0=x*-9

x = 3 miles per hour

97. Solve a rational equation by multiplying both sides of 99. (a) Simplify each side by removing symbols of grouping,

the equation by the lowest common denominator. Then combining like terms, and reducing fractions on one
solve the resulting equation, checking for any extraneous or both sides.
solutions.

(b) Add (or subtract) the same quantity to (from) both
sides of the equation.

(c) Multiply (or divide) both sides of the equation by the
same nonzero real number.

(d) Interchange the two sides of the equation.

101. When the equation involves only two fractions, one on each side of the equation, the equation can be solved by cross-
multiplication.

Review Exercises for Chapter 4

1.(28-3)1=(8-9! 3.39°%=0p 5. (6 x 10%)2 = 62 x 10
— 791 _us = 36 x 10°
_1 = 36,000,000
7,35 307_35 - 9. 0.0000538 = 5.38 x 10°5 11. 4.833 x 10° = 483,300,000
7x100 7
=05 x 103
=5x 10?
= 500
13, (6y)(2y ) = 12y 15 %5~ gz 17. (y 42 = Xy
=12y P _x
. : ’



