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PART I11: Solutions to Even-Numbered Exercises

36. The moth will become satiated at the horizontal

38. False. A rational function can have at most n

asymptote: vertical asymptotes, where n is the degree of the
_ 1568 0247 m denominator.
Y= 6360 '™
1 . .
= = 42. f(x) = is one posible answer.

40. 1) X+2(x—1) x2+x-—2 ) X2+ 1 P
is one possible answer.

44, 225x — 50x3 = 46. 222 -3z—-35=0 48. 273 — 147x = 0
25%(9 - 2x?) =0 (2z+ 7(=5 =0 3X(9x? —49) =0
X:O,i3/\/§ Z:—%,S X=0,i%
411 5 6 5. -5 2 1-1

50. 4 36 -10 45

1 9 42 2 -9 3#
X2+ 5x + 6 42 2%+ x—11 34
x—4 _XT9ti 2 x+5 X9t s
54. (x — 8)(x — 5i)(x + 5i) = (x — 8)(x2 + 25) = x3 — 8x2 + 25x — 200
5. Xx—6)x—B+)x—-—B—-i)=x—-6((x—32+1)
= (X — 6)(x2 — 6x + 10)
= x® — 12x% + 46x — 60

Section 2.7  Graphs of Rational Functions

Solutions to Even-Numbered Exercises

2. 4 4. 4 6. 4

S [ T N Y T S T S I i e '

A

-4

Horizonta shift one unit to the
right

Each y-vaueis multiplied by
3. Vertical shrink

L f

Y T T N 6

-4

Horizonta shift two units to the
left, and vertical shrink

10. 4

-6 [t IS SR

Vertical shift one unit upward

Reflection in the x-axis

12. 4

R

-4

Each y-value is multiplied by .
Vertical shrink
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1 1-3 3x-—-1
14. f(x) = —— 16. P(x) = =
) X—5 6. P() 1-x Xx—1

Vertical asymptote: x = 5 y-intercept: (0, 1)

Horizontal asymptote: y = O Vertical asymptote: x = 1
Horizontal asymptote; y = 3

x| -1 0 2

y| 2 1 5

1-2t  2t—-1 NG
18. f(t) = =~ = —— 20. h() = 5

t-intercept: (; 0) Intercept: (0, 0)

Vertical asymptote: t = 0 Vertical asymptotes; x = +3

Horizontal asymptote: y = —2 Horizontal asymptote: y = 1
-axis symmetr
x| -2 | -1]3| 1| 2 yaxisy y
_5 | _ _ _3 1
y 5 310 1 5 ol
y LT
G N
B _‘ ! 1 2L |
2 1_1 1 2 ____L___/(Q,Q)L___ )
6 4! 14 6
_______________ I{ 21 \:
1 -4+ 1
=] 1 1
22. g(x) =

X —-9

Intercepts. (0, 0)

Vertical asymptote: x = +£3
Horizontal asymptote: y = 0

Origin symmetry
x| —5 -4 | -2 0 2 4 | 5
IEREIHDEIRE
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1
(x— 272

24. f(x) = —

y-intercept: (0, —i)
Vertical asymptote: x = 2
Horizontal asymptote: y = 0

x| o3 ]1]3

NIol
w
[\SIEN]
N

IR R R EEE
2 y

26. h(x) = ———

) X(x — 2) T

Vertical asymptotes: x = 0, x = 2

Horizontal asymptote: y = 0

x|—2 |-1] 3 | 1| 3 [3]3

1 2 16 16 16 2
Y| 78 |75 5| 2] "9 | > |0
2x 2X

28. f(x) = =

) X¥+x—2 (X+2(x—1

Intercept: (0, 0)

Vertical asymptotes: x = —2,1

Horizontal asymptote: y = 0

x|-4 | -3|-1{0]| 3 |2]3

y|7s | 2| 1]o| 5| 1]3

8 8x 6x2 + 8x — 6
30. f(X)_2+3_§_2+3x2—3_ 3 —3 X#0 y
X

Vertical asymptotes: x = +1
Intercepts: (—1.869, 0), (0.535, 0) [(0, 2) is not on graph.]
Horizontal asymptote: y = 2

X -3| -2 | -05] 05| 2 3
y | 1 |3 378 | ¢ | 378 3
32 f) = o X_x=3 x|0]1 4
2—-x x-—2 3 1
. yi|5 |2 H
x-intercept: (3, 0) 2 2
. 3
y-intercept: (0, 2) 4
Vertical asymptote: x = 2 J
Horizontal asymptote: y = 1 Y T P

Domain: al x # 2 u /
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X—2
34. h(x)=x_3

x-intercept: (2, 0)

2
y-intercept: (O, 3>
Vertical asymptote: x = 3

Horizontal asymptote: y = 1
Domain: al x # 3

x|0|1]|2)| 4

Niw | o

wina| o

y|3|3/0]2

36. gx) = —

X

(x — 27

Domain: all real numbers except 2 OR (—oo, 2) U (2, c0)
Vertical asymptote: x = 2

Horizontal asymptote: y = 0

x|-1|0] 1 | 3

Nlot
w
N

y| /0| -1|-6|-10| -3 | -1
X+ 4
38 fX) =5
0 X+ Xx—6

Domain: all real numbers except —3 and 2 OR (—oo, —3) U (—3,2) U (2, o0)

Vertical asymptotes: X = —3,x = 2
Horizontal asymptote: y = 0

X| -6 |-4| -2|-1| 0 1 (3|4
1 2
IEIRIEIEIEIEIHE
1 1 30
40. f(x) =5 — =
® (x—4 x+2) x—4Hx+2

Domain: all real numbers except —2 and 4
Vertical asymptotes: x = —2,x =4
Horizontal asymptote: y = 0

x| -4l-3| -1l 0 | 1] 2|3 7

15 30 15 10 15 30 | 15 | 10

Y s |7 | 8| 2|54 57|89
—X

5|

T Y S S | I

10

©

12

D



783

PART I11: Solutions to Even-Numbered Exercises

_ —8[3+x _ 83+
X—2 2 —X

44. £(x)

..... 30

There are two horizontal
asymptotes, y = —8 and
y=38.

Vertical asymptote: x = 2

3
X -1
Intercept: (0, 0)
Vertical asymptotes. x = +1
Slant asymptote: y = X

50. f(x) =

=X+
x2—1

Origin symmetry
y y
// 4T
1 / .l
T //’Ej 2+
\>00 = s
o VN, s -4 -3 2/41 N2 3
P Lo | @o
/// | + _3,
,// _47
2% —5x+5 3
54 f(x) = ————(————=22X—- 1+ ——
09 -2 X — 2 X
5 15 +
y-intercept: (0, —2> 15: V
H . — 61 ://
Vertical asymptote: x = 2 alv

Sant asymptote; y = 2x — 1

56. (a) x-intercept: (0, 0)

2X
(b)O—X_3
0=2x
0=x

46. g(x) =

3~ 5x+ 3
X+ 1

)

The graph crosses its
horizontal asymptote, y = 3.

X2 —1

52. f(X) = m

48.

X2+ 1

gx) = =X+

X |

Vertica asymptote: x = 0
Slant asymptote: y = x
Origin symmetry

No vertical asymptotes

Horizontal asymptote: y = 1
Intercepts: (1, 0), (0, —711)

3
'

ggé/u
/!

58. (&) x-intercepts: (1, 0), (2, 0)

2
=x—3+-
() 0=x-3+"

0=x2—-3x+2
O=x—-1x—-2
Xx=12

6 9 12 15

X

60.

L1111 410

Domain: al x # —3
Vertical asymptote: x = —3
Slant asymptote: y = x + 2
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62. h(x) =

68.

.y=20<

12 —2x — x? 1

2(4 + x) 2
Domain: all real numbers except —
OR (—o0, —4) U (—4, o)
x-intercepts: (—4.61, 0), (2.61, 0)

3

y-intercept: (0, 2)
Vertical asymptote: x = —4
Slant asymptote: y = —_x + 1

X+1

I
X lw
N~————

(@

DA rrrr

NN PP

TTTT T T I T I T[T

I
N
N

x-intercept: (=3, 0)
(b) 0:20( 2 —3>

Xx+1 X
3 2
; X+ 1
X =3x+1)
2Xx=3x+ 3
-3 =

(@) Area = xy = 500

_ 500
X
(b) Domain: x>0
© v
120 +
100 +
o0
60
i
20 +
10 20 % 4 % 6
500
Forx =30,y = —_ = 165 meters.

30

= -x+1+

9
66.y—x—x

@

-9

-/--E

TTTTT1°

/.

/

-6

x-intercepts. (—3, 0), (3,0)
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70. (a) The line passes through the points (a, 0)
and (3, 2) and has a slope of

a
(c) A=a_

2

=a+3+
3 a—3

Vertical asymptote: a = 3

m:2_0= 2 ) Slant asymptote: A = a + 3
3—a 3-a
36
y—0= 3_ a(x — a) by the point-slope form F
_2x—a)  —2@-Xx
3—a —la—3) C
_ oLt T3
— M, O0<x<a 10
a3 Aisamin h 6andA = 12
(b) The areaof atriangleis A = 3bh. Isaminimumwhena = 6and A = 1z
b=a 2a-0 2
a— a
h=ywhenx=0,s0h = = .
y a—3 a—3
1/ 2a a?
A== =
2a<a - 3> a-3
~ 22 + +
79 ¢ C_02¢+10¢+5 ]
X X
30
25
X 05| 1 2 3 4 5 6 7 20-
C|201|152|129| =~123|12.05| 12| ~120 |12.1 EL_/
sl
5 10 15 2 25 0
The minimum average cost occurs when
X =5.
, . Distance .
100 + 100 = 200 = y | 150 | 87.5| 66.7 | 56.3 | 50 | 45.8 | 42.9
X y 50
25 25 The resultsin the table are unexpected. You would
X + y 1 expect the average speed for the round trip to be the
25y + 25x = Xy average of the average speeds for the two parts of
the trip.
25x = xy — 25y
25x = y(x — 25) (d) =
25X i
Y= x—2 I
(b) Vertical asymptote: x = 25 i
Horizontal asymptote; y = 25 sl e
0
() No, itisnot possible to average 20 miles per hour in

one direction and till average 50 miles per hour on
the round trip. At 20 miles per hour you would use
more time in one direction than is required for the

round trip at an average speed of 50 miles per hour.
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76. () N, = —0.4552t + 16.8394 (b) Ni = 0.003780t + 0.04371
2

_ 1 _ 1000
0.003780t + 0.04371 ~ 3.78t + 43.71

Ny

;
;

o e o )18

\,
aFT T

[N T N T Y NN N S W | £

~
aFET T

© t 8 9 10 1 12 13 14 |15 16 | 17
N, | 132 | 127 | 123 | 11.8 | 114 | 109 | 105|100 | 96 | 91
N, | 135|129 | 123 | 11.7 | 11.2 | 108 | 10.3 | 100 | 96 | 9.3

Both models fit the data well. Either model will do.

78. False. A rational function can cross its horizontal asymptote. See Exercises 45, 46.

X¥+x—2 xX+2(x—1) 4
80. g x—1 x—1 /
Since g(x) is not reduced (x — 1) is afactor of both the Y S / s
numerator and the denominator, x = 1 isnot a horizontal [
asymptote.
82.y=x+1+ihasslantasymptotey=x+1 84.y=M
X—2 x+1
and vertical asymptote x = 2. This has a vertical asymptote at x = —1, the zero
a of the denominator, a horizontal asymptote at
0=-2+1+ o y = 2 because the degree of the denominator
equals the degree of the numerator, and hasx = 3
a as a zero of the function because 3 is the zero of
1=—
-4 the numerator.
a=—4

_ 2 _
Hence,y=x+1+x4=X x—6

-2 X—2
8. - y+3x+8=0 88 7x+3=0 90. x—y—1=0
y vertica line y
9 y 2l
8 al
21
14
4 T ——— > x
3 -4 -3 -2 -1 /1 2 3 4
i B v 2 T
AT SR R 1 3+
7654 [2-1 123 ad




