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6. Translate left 5 units, reflect across r-axis, vertically 10, Translate right 5 units, vertically stretch by 11, reflect across
stretch by 2. Asymptotes: x = =5, v = 0. x-ads, translate down 3 units. Asymptotes: x = 5, y = —3.

7. Translate left 3 units, reflect across r-axis, vertically 11 EI;[_ flx) = oo
stretch by 7, translate up 2 units. g

Asymplotes: x = =3, y = 1 12 ‘El'gl‘ flx) = —=

13. lim f(x) =0

10
i 15, lim f(x) = o

6 16. ,_IEE‘;- flx) = —o0

1. lim f(x) =S5

18 i ) = 9

8. Translate right 1 unit, translate up 3 units 19. The graph of f{x) = (2x% — 1)/(2® + 3) suggests that
Asymptotes: x =1,y = 3. there are no vertical asymptotes and that the horizontal
¥ asymptolbe is y = 2.
L]

e

mesac=co]

[=4.7, 4.7) by [4. 4]

The domain of f({x) is all real numbers, so there are
indeed no vertical asymptotes. Using polynomial long

9. Translate left 4 units, vertically stretch by 13, translate division, we find that
down 2 units. Asymplotes: ¥ = —4, y = =1 f[r]=2]2_1=7'— 7
¥ | ©+3 T F+3

When the value of |x| is large, the denominator x* + 3isa

i QE large positive number, and 7/{* + 3:} 15 a small positive
! L number, getting closer to zero as || increases. Therefore,
X ‘ * -
""""" A fllng‘E fixy = Ill'l'li flxr) =2 50y = 2isindeed a
¥ E—s—

honizontal asymptote.

C 20. The graph of f{x) = 3232 + 1) suggests that there are
n no vertical asymptotes and that the horizontal asymptote
C By =3

s

[=.7, 4.7) by [4. 4]

e
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100 Chapter 2 Polynomial, Power, and Rational Functions

The domain of f{x) is all real numbers, so there are
indeed no vertical asymptotes. Using polynomial long
division, we find that
3o 3
= =3-
f =237 ©+1
When the value of |x| is large, the denominator 2 + lisa
large positive number, and 3/{x° + 1) is a small positive
number, getting closer (o zero as v increases. Therefore,
gh—ﬂa fixy = gHTM flxd =550 y=31s indeed a
horizontal asymptote.
21 The graph of f(x) = [2x + 1)/(x" — x) suggests that

there are vertical asymptotes at x = Oand x = 1, with
Iir{l'_ flx) = oo, |.1'mu+f{x} = —00, Iin:_ffz}l = —o0, and
I— a— x—

Iirrll+ flx) = oo, and that the horizontal asymptote is
1—

A

fh

[T, aT) by [-12, 12]

y =0

The domain of f{x) = (2x + 1}/ — x) =
(2r + 1) [x(x — 1}] is all real numbers x =0, 1, so there
are indeed vertical asymptotes at x = Oand xr = 1.
Rewriting one rational expression as two, we find that
fx) = r+1_ In 1
Fox ot
2 1
x—1 f-x

When the value of |z| is large, both terms get close to
zero. Therefore,
g, fl) = [t () = 0.
s0 ¥ = [V is indeed a horizontal asymptote.
22, The graph of f(x) = (xr — 3)/{x* + 3x) suggests that

there are vertical asymptotes at x = —3 and x = 0, with
g]—]oTz' flx) = —oo, IEmr fix)= m.xh_JEL[Lr flx) = 20, and

Iir{lﬂ flx) = —oo, and that the horizontal asympiote
1—

isy =0

A
w {

[=8.7. 4.7] by [ 4]

The domain of f{x) = (x — 3)f{x* + 3x) =

(x — 3)[x(x + 3)]is all real numbers x # =3, 0, s0 there
are indeed vertical asymptotes at x = =3 and x = (.
Rewriting one rational expression as two, we find that

r—23 x 3
f{x}_r’+3x_.r1+3z_zz+3x
1 3

r+3 r+3x

When the value of |x| is large, both terms get close to
zero. Therefore,

lim f(x) = lim_f() =0,
s0 ¥ = 0 is indeed a horizontal asymptote.
23, Intercepis: (ﬂ, %) and (2, 0). Asymptotes: x = —1,

x =3 and y =10

e

[=4. 6] by [=5. 5]

24. Intercepts: (l], —%) and (=2, 0). Asymptotes: x = =3,

x=1,andy =10

L
)

[=6. £] by [=5. 5]

)

25, No intercepts. Asymptotes: x = —1, x = (. x = 1, and

T
1k

[=4.7.4.7) by [—10, 10]

26. No intercepts Asymptotes: x = =2, vy =0, x = 2, and
y=10.

UL
2

=4 £1by [=5. 5]

27. Intercepis: (0, 2), (—1.28, 0), and (0,78, 0). Asymptotes:
x=1Lx=-land y =2

I -

N

i

[=5. 5] by =2, 6]
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9,

30.

3.

33,

35,

LTS

Intercepts: {0, —3), (—1.84, 0}, and (2.17, 0). Asymptotes:
r=-2xr=2andy=-3

1]
N

) [

[=5. 5] by [=8. 2]

Intercept: (ﬂ%) Asymptotes: x = =2, vy =1 — 4.

<

(=20, 20] by (=20, 20)

Intercepts: (ﬂ, —;) (—1.54, 0}, and (4.54, 0).

Asympioles: x = —3, y = x — A,

e

e

=201, 30] by [=30, 20]

(d): Xmin = =2, Xmax = & Xscl = 1, and Ymin = =3,
Ymax = 3, Ysd = 1.
(b): Xmin = —6, Xmax = 2, Xscl = 1, and Ymin = =3,
Ymax = 3 Yacl = 1.
(a); Xmin = =3, Xmax = 5, Xscl = 1, and Ymin = =5,
Ymax = 10, Yscl = 1.
(f); Xmin = —6, Xmax = 2, Xscl = 1, and Ymin = =5,
Ymax = 5, Yscl = 1.
(e); Xmin = =2, Xmax = & Xscl = 1, and Ymin = -3,
Ymax = 3 Yscl = 1.
(¢} Xmin = =3, Xmax = 5, Xscl = 1, and Ymin = =3,
Ymax = & Yscl = 1.
For f{x) = 2f{2x7* — x — 3), the numerator is never zero,
and so f{x) never equals zero and the graph has no x-
intercepts. Because f(00) = —2/3, the y-intercept is —2 /3.
The denominator factors as 22" — x — 3

= (2r — 3)(x + 1), 50 there are vertical asymptotes at
xr=—1and x = 3/2 And because the degree of the
numerator is less than the degree of the denominator, the
horizontal asymptote is v = (. The graph supports this
information and allows us to conclude that

lim_f{x) = oo, lim_fix)=—oo, hm _fix) = —oo,
x—==1" x——l* x—r[m._

and lim f(x) = oo,
{3
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The graph also shows a local maxamum of —16,/25 at
x=1/

JARN
i

[T, A7) by [=3.1, 2.1]

2
Intercept: (U. _E)

Dmmmmﬁn—uu(—L%)u(;x)

Range: (—:x:, —lﬁ—ﬁ) L0, oa)

3
Continuity: All x # -1, 3

Increasing on {—oo, —1) and (—1, l—)

13 3
Diecreasing on (I E) and (E DD)

Mot symmetric

Unbounded
Local maximum at (l —E)
4" 25

Horzontal asymptote: vy = 0

Vertical asymptotes: x = —1 and x = 3,2

End behavior: Iimsa fix) = |.1.1'r‘_&ﬂl fix)=10
a—— a—

. For g(x) = 2/{x® + 4x + 3), the numerator is never zero,

and so g{x) never equals zero and the graph has no
x-intercepts. Because g(0) = 23, the y-intercept is 2/3. The
denominator factors as x° + 4x + 3 = {x + 1)}{x + 3),
s0 there are vertical asymptotes at x = —3 and x = —1.
And because the degree of the numerator is less than

the degree of the denominator, the horizontal asymptote
is y = 0. The graph supports this information and allows
us to conclude that

Jlim,_5(s) = 0, lim, ) = =, lim_g(2) =~

and lim g(x) = oo,
x——1* "

The graph also shows a local maximum of =2 at x = =2,

J
N

6.7, 27) by [-5. 5]

Intercept: (U. %)

Domain: (—e, —3) U {3, —1) U (-1, =)
Range: (—oo, —2] U (0, 0a)

Continuity: All x # =3, -1

Increasing on {(—oo, —3) and (-3, —2]
Decreasing on [—2, —1) and (-1, o0)
Symmetric about xr = —2.

Unbounded
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