Review and Preview to Chapter 5

Review and Preview to Chapter 5

EXERCISE 1 |
1. () vy = 25—4x°. Whenx = 0,y = 25. Wheny = 0, 4x° = 25, so0

‘- 45

) v = 2x*—x—1. Whenx = 0,y = —1. Wheny = 0,2x*—x—1 = 0,

2x +1)x —1) = 0, s0x = —}, x = 1.

(©) y = "——‘-’%’—_5-1:—3 Whenx = 0,y = —3. Wheny = 0, x’+2x—3 = 0,
X _

x~1x+3)=0,s0x = |, x = —3.

(d) vy = x*4+x+1. Whenx = 0,y = 1. Wheny = 0, x* +x+1 0, so

= iz 1'__4- Therefore, there is no x-intercept.

X =

fe) v = 3x*+4x —6. Whenx = 0,y = —6. Wheny = 0, 3x*+4x —6 = 0,
—4 7 - -

o x = i:2’16+2= 231@

(fl vy = x*—3x. Whenx = 0,y = 0. Wheny = 0, x> —3x = 0, x(x>—3) = 0,

sox = 0, %X = iﬁ.

(g) vy = x°—x*—x+1. Whenx =0,y = 1, Wheny = 0, x> —x" —x+1 = 0,
X (X —1)—(x—1) = 0, thus (x +1ix —1Hx —1) = 0,80 x = —1, x = 1.

(h) y = 2x*>—~9%> —18x. When x = 0,y = 0. Wheny = 0,

2x°* —9x? —18x = 0, x(2x° —9x — 18} = 0, thus x(2x +3¥x —6) = O,

sox =0,x = —2 x = 6.
(i) vy =%x+8 Whenx =0,y = 8 Wheny = 0,x* = —8,s0x = —2.
() v =x"—16, Whenx = 0,y = —16. Wheny = 0, x* = 16,80 x = +2.

2. y = 9% —x*. Whenx = 0,y = 0. Wheny = 0, 9x —x* = 0, x(9 —x%) = 0,

dre

50X = 0,x = 4+3. ¥ = 9—3x% s0 y(x) = 0 at +43.

Interval 9 —3x? f 4 ¢
(—eo, —y3)| — decreases
(— ‘E,'E) -+ increases
(¥3,00) - decreases .
-3 (] 3 x
Therefore f{ —¥3) = —643 is & local minimum
and f (»I_3) = 6{5 is & local maximum.
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Review and Preview to Chapter 5

} — 3xn 41
3. ffx) = x°—3x+1, f(x) = 3x*—3. x,. , = xn__xn___;i
3x°—3

There are three intercepts.

Guess: x, = 2, x; = 1.667, x, = 1.549, x, = 1.532, x4 = 1.53.
Guess: x, = 0, X, = 0.333, x; = 0.347, x, == 0.35.

Guess: x; = —2, x; = —1.889, x; = —].879, x, = —1.88.

EXERCISE 2
1. {a} odd. (b} even. {c} neither. (d) odd.

2. (@) f(x) = x% f{ —x) = x? so the function is even.
b} f{x) x°, f( —x) = —x so the function is odd.
(¢} glx} = x* +x’ gl —x) = x?—x’ so0 the function is neither.

d} g{x} = " 41 % g —x;, = ;7—2_—4:—1, so the function is even.

(6) h(x) s (x +x°°, h{ —=x) = { —x —x*1® = —(x +x°°, 8o the function is odd.

(0 hix) = x%(1 +x —x), h{ —x) = x%(1 —x — x?), so the function is neither.

g) ¥y = x| f{ —x} = |x| 50 the function is even.
- 3
fl—x) = ——X% _____ 5o the function is odd.

h -
(h) ¥ g et

x>
'+ 41
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Exercise 5.1

Exercise 5.1

1. (e) The vertical asymptotes are:

Therefore, x =

v 3 .
b - —= 1 = oo.
() ¥ - xl_!.nﬁy oo

x = - x =

(ii) lim f(x) = oo.

(b} (i) lim f(X) = —oo.
X—-/ X -7
(iif) lim fix) = oo. {iv) lim f(x) = —oo.
X ~-3 X—2
(vl lim f{x) = oo. {vi) lim f{x) = —o0,
x—6— % 6
2. lim —1 _ — b) li 3 o —eo.
() xl-B (x —8)° { )x.:lln— x—1
. 3 ) —3
(¢} lim —— = oo, {d) lim £ = -—oo.
x—1t¥—1 )x:ul(x-{—l)z
i X —4 _ . x—4 _
. Ix _ , - 2 - =
@ lim, [1 +=2 4.}6] = —o. {h)xl_z'nsl+[x +i=y] = -
. . X _ : i X = —o0,
mx_l_fz+ C—a (J)x-l.l-’g“xz— *®
k) lim 2=%X = —o. O lim -0 — = Iim
x_.9+4x—-— x__._3+ x*—x—12 x__,_3+
_ _2 . - . -
@y =ghy lm_y = e dmy =

—1 ig a vertical asymptote.

—3,x = 2,and x

10

6.

G-

Therefore x = 6 is a vertical asymptote.

T
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Exercise 5.1

( = X » l.m -_— - .
c) ¥ 27 xi-zy o<

Therefore x = —2 is a vertical asymptote.

@ y - -, lim - cwand lim y = —oo.
Y x‘—1 X--*-l“"y X —-1 Y

lim y = —ocand lim y = o. Therefore,

x—=17 x-1*

X = —1] and X = 1 are vertical asymptotes.

@ y= —%¥— lim y= —xand lim y = oo.
X =1 x—-1— X —-1

lim y = —oand lim y = e. Therefore,
x=1 x—1

X = —1 and x = 1 are vertical asymptotes.

6x° . )
{r - e lim = oo and lim = —a,
) ¥ Zrax+3 m_Y _ x_”l*_y

lim y = —ocand lim y = co, Therefore,
X—-3— x--3%

X = —3and X = —] are vertical asymptotes.

limy = eo.

' = 1
® v = XA{x +1) x—0

lim y = —~occand lim y = oo, Therefore,
X—-1= x—-1*

X = -1 and x = 0 are vertical asymptotes.
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Exercise 5.1

1 1 . .
h) y = - 1 = —eo.
(h) ¥ x* —d4x? % x + 2x —2) x!—l-nﬁy °

lim = oo and lim = — 0,
x’—o.-2 -— y X _._2'." y

lim vy = —oand lim y = o. Therefore,
X—2— x—2

X = —2,x = 0,and x = 2 are vertical asymptotes.

m 5-2) o im Bx=2] - _ .
R e e E

1 - 100000000 = 10°. So x‘<i—10—§. then |xz<l%2.

5. =
x4
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~ Exercise 5.2
Exercise 5.2

1. (a) Horizontal asymptote: y = 2. Vertical asymptotes: x = —2and x = 1.

{b) Horizontal asymptotes: y = —2 and y = 1. Vertical asympiotes: x = 1
and x = 4.
I 1 i - ] -6 -
2. (a) xi-l."éoﬁ 0. (b)xglllmlix 0.
o 2x 41 241 240
(C)xl-l-"éox—3 xll-uclaol—g i—o = 2.
2x +1 . 2+%f 240
(d)xl—l--aox——& x!-l-Teol_g 1-0 <
1
1=X _ pim 21 01 _ 1.
© N 3T e xBTS < 075 5
1 1
x2—x+1 ) l_;"",?-‘ 1-0+0
f)xEE‘cox +3x—2 ‘x!-l-@ool +3i-L  T40-0" 1
} 3
(e —5x+47 X=®1--24Z 1-0+0 )
1 -1
(h) X —1 = kLim x* - 1—0 - l.
» Mo lx T 2% ¥ 4) Tx=e2 3R E T I{0+40 2
3415
(1) liz 3_"_1'1‘_"_5 lim > B _340-0 3.
-—o-'ﬁx 4x+1 x—'-ml—-’i—f-—% 1—0+0
12 2 1
_ =-S5 4=
O lim L
XX —l4x"4+x—3 X~ 3—‘-—2+3--—:‘
= 0=t+0 _ .
T 3—0+9-—0 :
3. (a) lim 2“ 3 - 2 g--= 20 _ —-l. Therefore y = —~lise

horizontal as_-mptote.
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Exercise 5.2

1
) i X, o= = 0. Therefor = 0 ig a horizontal
{ )x—-l-‘ioox 1 x-?;aol-}--‘é 50 erefore y B a Zo
asymptote.
2 1 +-’- -
(c) Iim x3 +1_ lim - 140 1. Therefore y = 1 is a horizontal
X—4oo X —1 x—-:l:col-——s 1—-0
asymptote.
2 l —"zn‘ ""l
a lim [1l——X-]=tim £F2=X o lim 1100y,
Therefore y = 1 is a horizontal agymptote.
- 2 _ 2_ i
4. (a) ¥ L x.ll.T--x-i-l oo nndx2:111+x+l oo, 50 there ig a
2 ‘

vertical asymptote at x = —1]. x _l.i;s:eo * _2'.1 -;‘ -!-iiaol ; i = (), 8o there is a

horizontal asymptote at y = 0. There i no x-intercept and the y-intercept is 2.

\

/. ;
"y

A\
= oo and lun

- X , x
®) v = 15 Wi 14.::+1

= . oo, 50 there ig a vertical

asymptote at X == -], T - 1, mo there ig & horizontal

li X - 1
x—-l;cox-i-l xl‘?:eol+,-‘
esymptote at y = 1. The x-intercept is 0 and the y-intercept is 0.

_

= =1

LY §

] i e s i e
-
|
-

143



Exercise 5.2

- =x+3 . 4x 45 . 4x4+5 .
) ¥y = 37—5,- xi:g’_-?:—?; = oo and lm;+ e pon oo, m0 there is &
2

—

443 )
vertical asymptote at x = 3, lim 4x + 5 = i += m 2 go thereis s
2 x...ims —2x X—4ooi—

The x-intercept is —= and the y-intercept is 3

horizontal asymptote at y = -2,

!‘y H
1
{,-1

- 1] . ;

e

@ y = —1—.  lim 11-wand lim

-_ —00,

1
x* =1 x—l=x*— x—1t X —1

Iim 1 = —ooand lim .,l - «= =0, So there are vertical asymptotes at

x—=1—x*—1 x-1t X —1

i
X = —]and x = }. Iim 21 lim —’i-l— = 0, so0 there is a horizontal
X—feoox®—1 :n:—-:];am»l-——2

asymptote at y = 0. There is no x-intercept and the y-intercept is —1.

)

El
-

=
[}
!

—— o o

K
-——"'/

£

(e) - . lim X = —~o and li . - o,
R ok e " x_:‘_li-'-x‘—l =

lim X = —oo und lim zx = o, So there sare vertical asymptotes at
X—l—x*—1 x-]tx —
1

= {, so there is a horizontal

X »m= —~]1and x = 1. lim li
x-lj:eoxz-—l x—o‘:nhlml—%

ssymptote at y = 0. The x-intercept is 0 and the y-intercept is O.

b )

| /

x=1

A\ .




2% 2x* . -
f == = £2 . lim = coand lim y = —oo,
¥ x°+3x—4 (x 4+ 4)x —1) x_.1.4-—y % —d¥

lilln y = — oo and lim+y_ = oo, So there are vertical asymptotes at x = —4
Xe] x-—.l
and x = 1. 2x” = lim -2 - 2, 80 tﬁere is a horizontal

lim R £—
X—=40x‘+3x—4 x—~tol+i—3
*

asymptote at y = 2. The x-intercept is 0 and the y-intercept is 0.

xw—d

-
—

X li X _ = — oo, 50 there is & vertical asymptote at

® Y=o et

1
X

¥ = }i —
X — 400 (x + 2 xl‘$w1+;+f§

X = —2. = (), so there is a horizontal

asymptote at y = 0. The x-intercept iz 0 and the y-intercept is 0.
73

= =2

2
X = oo, 80 there is a vertical asymptote at

x° lim
(x +2)* x—=-2(x+27

(h) y =

lim X — lim —2L1 = 1, g0 there is a horizontal
xal':t&(x‘i'z)z X*I:T:wl-l"s-l-;% BO ere 18 & norizon

X = —2.

asymptote at ¥y == 1. The x-intercept is 0 and the y-intercept ig 0.

i |

y=1

- -

LY

= =2
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Exercise 5.2

5. (a) xl—i.“éoﬁ - oo, (b)xggwx‘ - — oo,
() xl_i_.uta’a(':-:3 —x%) u—,xlj_.%xz(x-—l) = oo gince x* — co and x —1 — oo,
(d)xg_i.g:m(xa—-xz) -x!_ggmxz(x —1) = —o gince x> — oo and x -1 - —eo.

(e) xl_i‘uéoszx +1)fx—2) = oo. ) xlil%o(x--}- 23 —x) = —oo.

6. (a) xlﬂgo(x+1)(x—2)(3—x) = —oo and ngl@(x-i_»lXX-»—?)(B—x) - 0O,
The x-intercepts are — 1, 2, and 3, and the y-intercept ig —6.

. 2 . 2
{b) xll."éox (x —2Y2%x +5) = oo and x!-io?eox (x —2)2x +5) = o,
The x-intercepts are 0, 2, and —g, and the y-intercept is 0.

)

/

(c) Jim (1 —~x)%(2 — x5 —X) = o and_lim (1 - x)%2 —xX5 —x) = oo,

The x-intercepts are 1, 2, and 5, and the y-intercept is 10.
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Exercise 5.2

@ Jim (x +17x —2)* = o and_lim (x+1P(x~2)" = —eo.

The x-intercepts are —1 and 2, and the y-intercept is 16.

¥

. x
7. xl-i-“go tx|{+1

IEE M X _— i —-————x == i l = - —
x| X for x<0, 50  Mim or ] M3 F1 x % 7] +: "

so the horizontel asymptotes are y = 1 and y = —1.

] 44+ 0
_ ax? 41 N1t Ja+o

i - i :——.— E 3 i x E ] — WK .

8. Divide num. and denom. by x: xl_gn % —3 x1_1_‘m 3=3 T 20 1

9. —3 ({since & = —x for x < 0B).

: 3x . 3
lim J— hm — i X
X —-=00 Ix2+6 X s Il+:_z
x*+5x+1—x%°

10. Rationalize the numerator: lim (J%° +5x +1 —x) = lim —————e——"—
X w0 x"“.lx2+5x +14x

- lim S+: - 540
aat SRS S N1 +0+40+1

-
3

xlo+6x6__3- xs+6 _‘15

ll.xl_i.ﬂ_l& x5+2x xl-iéguo 1+3'i

gince numerstor — —oo and denominator — 1.

1 2 1 - 3 -
12. - < 0.000001, 80 X >0.000001 10% thus x >10°. So we have to take x

lai'ger than 10060.
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Exercise 5.3
Exercise 5.3

1. (a) CUon (—6,—3), { —1,1), (1,3} and (10,13).
CD on ( —10, —6), { —3,—1), (3,7) and (7,10).
(b} The points of inflection are: {-—6, —1), ( —3,0), (—1,2), (3,1), and {10,2).

2. (8) ¥y = 245x—12%x% ¥y = 5—24x, y’ = —24<0, s0 CD on ( —eo,00).
(b} y = 6x* —12x +1, y' = 12x —12, vy = 12>0, so CU on { —oo,).

‘c) ¥y = 16 +4x+x* —x° ¥y’ = 442 —3x% y” = 2 —6x.

When 2 —6x >0, x <%,, g0 CU on ( —s0,}). When 2 —6x <0, x >%, so CD on (3,%0).

The inflection point is [3.470

(d) y = 2x° +24x* —5x —21, y’ = 6x°+48x —5, y” = 12x +48.
When 12x 448 >0, x> —4, so CU on ( —4,00). When 12x 4+ 48 <0, x < —4, 50 CD
on ( —oo, —4). The inflection point is { — 4,255). ‘ -
(¢ ¥y = x*" - 2x°4+x—2,y == 4x° —6x° 41, y” = 12x7 —12x = 12x%(x —1).
When 12xix —11 >0, x >0 and x>1, or, x <0 and x <1, s0 CU on { —s,0) and (1,00).
When 12x{x — 1) <0, x <0 and x > 1, which is impossible, or, x >0 and x <1, so CD
on (0,1). The inflection pointg are (0, —2) and (1, — 2).
f) y = x* —24x?+x—1,y = 4x° —48x +1, y"” = 12x* +48.
When 12x* —48 >0, 1x1>2, 80 CU on (—oo, —2) and (2,0). When 12x° —48 <0,
x* <4 = |x]<2, 80 CD on { —-2,2). The inflection points are { —2, —83) and
(2, —79).

1 v 2x—2 2

1 ' — —
When x—1>0,x>1, s0 CU on (1,00). When x —1 <0, x <1, 80 CD on { —oe,l).
There is no point of inflection since vy does not exist when x = 1.

- X=2 oo B=X)+(x—2) oy e 0 —bx 6
h) y=35s=%V (5 —x)° T 6—x7 Y 5—-x* (5—x)

When S —-x >0, x <5, 80 Cllion { —e,5). When § —x <0, x> 5, so CD on (5,0}.
There is no point of inflection since y doeg not exist when x == 5.
v =2 +17 +8%03+1) _ A —x*—1+4x%)

i -1 ! o 22X _
Wy=ra?y " war? a+1)° o 17

2((x3x~l~ l)i-) Now (x* +1)° is always positive. When 3x* —1 >0, x*> -;:_ - x> TS’

)

[~
1y

so CU on (-ec,-~~—-) and (’r,eo) When 3x° —1 <0, lx|<-‘4.;., so CD on (—%.
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Exercine 5.3

The inflection points are ( 4_,4) and (- T 4)

By = L1=X —2x‘——izx2.+3_‘x“ - 23
X X X
o %5 _.4::: +12x° _ 12 ;sz_xz - 2(6;; x’)_
interval 6 —x? x® y”’ y
(—eo,—N6] — — + cu
(—46,0) + - - ¢
(0,46) - + + cu
(¥6,00) - + - CD

The only points of inflection are [ JE }3] and [\ré é}_,'].

2 z 2 1
k) y = x3(5+x),y 13°x +§x3, vy = —%’x3+%—’x3 10 E'(::—1)
When x —1>0, x>1, so CU on (l,e). When x —1 <0, x <1, so CD on (—eoo,1).
The inflection point is {1,6).

x2 2x x+l 2“:0 :0!4(x+1)—x] 3x2+4x
A e i X +1 xF1 - >
x + Ax +17
2 .
oo 2% +8)x +1F —303x* +axx +1 _ 12%% 4 20x + 8 — 9x* — 12x
3 ' . -

2
- X 848 Now 3x* +8x +8>0, for sll x. When x +1>0, x> —1, 80 CU on
4(x 4+ 1)

(—1,). There are no inflection points. [Note: domein of y is ( - 1,00).]

3. (i) (&) y' = —~13—12x —3x% <0, for all x. So y is decreasing on ( — oo,).
(b) There are no maximum or minimum values.

{¢) y“ = —12—6x. When —12—6x>0, x < —2, 50 CU on ( — o0, —2).

When —12—6x<0, x> —2, 80 CD on ( — 2,00).

(d) The point of inflection is { —2,14).
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Exercise 5.3

(e)

(~2.14)

h”

o

\

(ii) (&) ¥y = 4x° —16x = 4x(x* —4),

Interval X x° —4 y”’ y
{—o9, —2) - + — decreasing
({—2,0 — - + increasing
{0,2) + — — decreasing
{2,00) + -+ + increasing

(b} f {+2) = —16 are local minimum values and f{0) = 0 is a local maximum.

(€} y” = 12x* —16. When 12x* —16 >0, x* >3 = 1> 80 CU on (—o, — 1) and

2 2z _ 2 —_—- 2
(ﬁ,eo). When 12x 16 <0, le<ﬁ, 80 CD on ( ﬁ'{i)' ,

: i Flecti — 2 %0y and (Z _89
(@) The points of inflection are ( e 5) and. ( R 3 )

L 1]
M

(e}

ol

2, -16)

fes 2 _2x2 +4
(iii) (8) ¥y’ = X° 44X o X TF
sz +4 .]x2+4

{b) There are no maximum or minimum values.

.4xe2 +4 —xad.)

o NxPas 44 16x—2%—dx _ 2x(x* +6)
X +4 (® + 4 o +4f
Now (x* +6) and (x* + 4) are always positive. So CU on (0,0} and CD on ( —,0).
{d) The point of inflection is (0,0).

>0 for all x, s0 ¥ increases on ( — oo,e0),

(€ y" =
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Exercine 5.3

}"L

(e)

1

2l -1 -
(iv) (a) ¥y = 2x°—2. When2x *—2>0,0<x <1, so y is increasing on {0,1).

When 2x% —2<0,x<0,0or x>1, 50 vy is decreasing on { —o0,0) and (1,%).
(b) f(0) = 0 is a minimum and (1) = 1 is a maximum.

(€ y" = — gx'g. So CD on { —o0,0) and (0,00).

{d) There are no inflection points.

(e)

by

(L.1)

4, vy = X’ +ex’+x+4+4d, ¥y = 3x*+2ex 41, y” = 6x+2c. When x = 4,
y” = 0,6(4)+2c = 0,thus¢c = —12. Soy = x> —12x*4+x-+d. When x = 4
andy = —7, —7 = 42 —124*) +4+4d, thus d = 117.

5. f(x) = xixl. Thus f(x) = x* if x >0 and f(x) = —x? if x < 0.
So f(x) = 2if x > 0and f(x) = —2 if x < 0 and £*(0) does not exist.
Therefore f“(x) > 0 for x > 0 so f is CU on (0,0} and when x <0, *(x) <0, so CD
on ( —05,0). The curve changes from CD to CU at 0, so there is an inflection point

at {0,0), but {"(0) does not exist.
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Exercises 5.3

"J} "
74
y=1

A —

-y

(=L -Dfa.-D

8 y == X°+2x" 4 6x° —5x+4, vy = 5x* +6xT+12x —5, y” = 20x° +12x +12.

20%p° +12%xq + 12 . .
Xp 41 ™= ¥n— ZOxn"' +'1'2 —. Now x, = —1; x; = —0.7222, x3 = —0.6252,

X, = —0.6362, xg = —0.6142, x¢ = —0.6141. Thus, correct to three decimal

places, the inflection point is ( —0.614,8.782).

9. g{x) = [f(x}]!, g(x) = 2A(x}'(x), g”(x) = 20/(x)(x) + 20(x)f**(x)
== 2[[1‘ ’(x)]’ + f(x)f ”(x)] >0 on I since [f '(x}]z >0, f(x) >0 on R, and f”(x) > 0 because

fisCUonl. Sogis CUonl.
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Exercise 5.4
Exercise 5.4

1. (8) f(x) = 3x° —4x 413, f(x) = 6x—4 = 0,80 X = 2. {”(x) = 6 >0, thus
3

r) = % is a local minimum.

(b) f(x) = 2+46x—6x% f/(x) = 6—12x = 0,50 x = L. f“x) = —12<0, thus
f(i3) = I is a locel maximum. -

c) g(x) = 2x° —48x — 17, g'(x) = 6x2—48 = 0,50 x = +2W2. g’x} = 12x,
g"(21F.!) >0, so 3(2\5) = —64«]3 — 17 is & local minimum. g -—2&) <0, so

gl —2¥2) = 642 —17 is & locel meximum. _

(d) gx) = 1 4+3x" —2x% g'(x) = 6x —6x° = 6x(1 —x) = 0,50 x = 0, x = 1.
g’{x}) = 6 —12x, g”’(0) >0, so g(0) = 1 is a local minimum. g”(1) <0, so g(l) = 2 is
g local meximum.

(&) h{x) = x*—9x* +24x —10, h'(x) = 3x*—18x +24 = Ix —4)(x —2) = O, so
Xx = 4, x = 2. h”{x) = 6x—18, h"(2) <0, so h(2) = 10 is a local maximum.

h'’(4) >0, so h(4) = 6 is a local minimum.

) h(x) = x*—x°, b'(x) = 4x* — 3% = x’4x—3) = 0,50x = 0, x = 1.

h*{x) = 12x? —6x, h”’(0) = 0, so there is no information on h(0) from the second

derivative test. h”(3)>0, so h(f) = —Z is a local minimum,

(8) Fix) = 3x"—16x> +18x° +1, F/(x) = 12x° —48x% +36x = 12x{x* —4x +3)
= 12x{x —1)x—3) = O,0x = 0, x = 1, x = 3. F”(x) = 36x° —96x + 36,

F(0) >0, so F(0} = 1 is a local minimum. F*(1) <0, so F(1) = 6 is a local maximum.

F’’(3) >0, so F(3) = — 26 is a local minimum.

(h) F(x) = 24+5x —x°, F/(x) = 5—5x" = 0,30 x = £1. F/x) = —20x°,
F(—~1)>0,s0 F(—1) = —2 is a local minimum. F’(1) <0, so F(1) = 6 is a local
maximum.

{i) G{x) = (1 —3x"+x, Gx) = 5(1 —3x* +x)( —6x +3x%) = 0,

s0 x = 0, x = 2, and there are three other roots which can be disregarded

since they will make G'*(x) = 0.

G”(x) = 5[4(1 —3x? 4 X —6x + 3% —6x +3x) + (1 —3x2 +x)( —6 + Gx)]

= 5(1 — 3x° +x°)%(42x" —168x°® + 162x* +6x —6). G*(0) <0, s0 G(0) = 1 is & local
maximum. G"(2) >0, so G(2) = —243 is a local minimum.

() Gx) = x*+8,Gx) = 2x—1% = 2x ¥ (x*—8) = 0,80 x = 2.

G(x) = 2+, G(2) >0, 80 G(2) = 12 is s local minimum.

153



Exercine 5.4

2. (a) f(x) = x*' —6x2+10, f4{x) = 4x®> —12x = éx(x* —3) = 0,80 x = 0,
X = +43. [x) = 12x* —12 = 12(x* —1), I*(0) < 9, 80 f(0) = 10 is a local
maximum. f*/( :i:«ﬁ) >0, so f( :’:1'3) = 71 are focal m: :ima.

- ' -2 2 S
(b) f(x) = x«lx—l, f/(x) = wlx-—1+ X - 3X = 0, 80 x = %, but this-is
Hx -1  2¥x—1 ®

not in the domain of f , 30 there are no maxima or min:ima.

. . x*+9—-2x* _ g_x? n i
{€) glx) o= xzig' g'(x) = 197 - " +’-‘§? = 0, 80 X = <+3. g incresses

on ( —3,3) end g decreases on ( — oo, —3) and (3,00). The-sfore, g( —3) = —lisa

locel minimum and g(3) = ; is a local meximum.

X gl(x) = (2x——3)2_§x{2x—3) - 2x-3—4x _ —2x-—3 _
Rx —3 7 (2x — 3* (2x —3)° (2x — 3)°

{d) gix) =
so x = —3, g decreases for x < — J and g increases for —3 <x <. Therefore,

g —D = —4 is & local minimum.

12 4t2 + 10t —2t° 2t(t +5)
f{t} = AT f{t) == —
) MY = xF ) @t + 57 2t 1 5)

f increases on { —eo, —5) and (0,00) and { decreases on ( —5,0). Therefore,

= 0,80 X = 0, X = —5,

f{ —5) = —5 is a Jocal meximum and f(0) = 0 is a local minim.:m.

Wik

2 —_ 1
(f) f{t) = t43t3, £t) = 1 +2¢ = 0,80 t* = —2, thust = —8§8,

4
fAt) = —35t3, £( —8) <0, 80 f( —B) = 4 is 8 local maximum.

3. - —-x° ’ aw ] — 2 - -_— —l--. i E - -1} -
(a) v xX—x°, ¥ 1 —3x 0, s0 x -+ T y increases on ( — oo, wﬁ)
' 2¥a . L.
and (ﬁ,oo) and y decreases on —Tl_;.ﬁ). So f(— _41=a) = —=— is a local minimum
and f(ﬁ) - ﬁ is a local maximum. y” = -—6x, so y is CU on { —<=,0) and vy i

CD on{0,=). (0,0) is an inf le-ction point.

3

L3
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b) v = x* =3 +3%x"—x+1, y = 4x® ~9x°+6x —1 = (4x —1}x* —2x +1)

= (4x —1)(x —1)*= 0,80 x = 1, x = .. y decreeses on ( —os,}) and y increases
on (},%). So f{}} = Z2 is a local minimum. y” = 12x° —18x 4+6 = 6(2x — 1} x —1),

so y is CU on ( —eo,3) and (1,00) and y is CD on (3,1). (},}2) and (1,1) are inflection

points. \‘,1‘

of 1 1 1 o
L I

(¢) ¥y = 3x°—25x> +60x, y’ = 15x* —75x% +60 = 15(x" — 5x2 +4)
= 15(x2_4)(x2_1)- = 0, S0 X = :tz’ X = il-

y” = 60x> —150x = 30x{2x* —5). Whenx = —2, y” <0, when x = —1, y” >0,
when x = 1, y"” <0, and when x = 2, y”">0. Sof (—2) = —16 and f(1) = 38 are
loce]l maxima and f{ —1) = —38 end f(2) = 16 are local minima. Since

vy’ = 30x(2x? —35), y is CU on {— 2,0) and (E,oo) and v is CD on ( — oo, —_,E) and

(MEX

x 3x+20 20

d yv = x-JlO+x, YV = === 4 JI04x = ——— = 0,50 x = —2,
2J10 +x 210 +x 3

Now y increases on ( —%,e0) and y decreases on ( —10, —2), 50 f( e e

6410 + x — (3x + 20)——L— :
1o 4+« — 6(10 + x) —(3x +-20)
- 3

e local minimum. y* = 105 %) 3
440 4(10 4 x)2
= ———p so y is CU on ( —10,00).
4(10 + x)?
—IID >

155



Exercise 5.5
Exercise 5.5

1. y = 3x° —10x’ +45x.

A. The domain is R. _

B. The y-intercept is 0 end the x-intercept is 0.
C. f{ —x} = ——f(x}so the function is odd and symmetric about the origin.
D. There are noc asymptotes, but xl.i..%o f(x) = oo ancg( l_i’lgwf(x) = o0,

E. f/{x) = 15x* —30x* 4+ 45 = 15[(x*—1P +2]>0 on R, 8o { increases on R.
F. There are nc local maximum or minimum veslues.
G. (x) = 60x® —60x = 60x(x? —1)

Interval X x? —1 r f

{~o0,—1) - + — CD
{—1,0) - — + Cu
o1} + - - CD
(1,00} + + + CU

The inflection points are (—1, — 38), (0,0), and (1,38).
HI !r

1.38)

2. y o= (x*=1)
A. The domain is R.
B. The y-intercept iz —1 and the x-intercepts are 1.
C. fl —x) = f(x), g0 f isx an even function and symmetric about the y-axis.
D. There are no agymptotes, but lim fix) = oo.
X— 4o
E. f'(x) = 6x(x*—1° >0 @ x >0, 8o { increases on (0,0} and decreases on { — o,0).
F. f{0) = —1 is & local minimum.
G. f(x) = 6(x* — 1) +24x%*(x® —1) = 6(x% —1X5x% —1).
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Interval x? —1 5%% —1 r f
(—o0,—1) + , + + Cy
(—L -5 - + - | CD
- q”"‘gﬁ) - - + Cu
(ﬁ.l) - + - CD
(1,00) + + + cu

The inflection points are ( 4-1,0) and { + -l-s- — 2.

¥s
H.

)'A

1

Y

x—4
3. ¥ x+4

A. The domain is { — oo, — )| J{ —4,e0).
" B. The y-intercept is —1 and the x-intercept is 4.

C. f(—x) = —X —4 so there is no symmetry.

—_X + !
-1
D. lim % =4 _ lim E—-——" = 1, so there is a horizontal asymptote at y = 1,

Xik

;(—-:teox+4 X—4+ool4
4

= --oo, 50 there is a vertical asymptote at

lim X—=% — o and lim *—4
x—-4~ %X +4 x—odt X T4
x = —4,
E. f'lx) = ——§-—2 >0 on the domain, 5o { increases on { - oo, —4) and { — 4,0).
(x+4)
F. There are no local maximum or minimum values.
G. I"x) = _(xf4)3> Oforx<-—4,80fisCUon{—o,—4)end I is CD on

{ —4,00). There are no inflection points since f( — 4) does not exist.
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H. H. ys
r=4 '

y=1

z
X
4, ¥y = Z43

A. The domain is R.

B. The y-intercept is C and the x-intercept is 0.

C. f(—x) = f(x), so it is an even function and it is symmetric about the y-axis.
D

2
. lim X = lim 1. . 80 there is a horizonal agsymptote at = 1.
x=4oox’+3 x—gool+3 ¢! ympt Y

There are no vertical asymptotes.
2x(x* +3) 2% _ _ 6x

(x* 4+ 3¢ (x* +3)°
f increases on (0,c0).

E. I"(x) = <0 for x <0, so { decreases on ( — o,0) and

F. [0} = 0 is a local minimum.
6(x* +3° —24x*(x* +3) _ 1801 —x%)

G. f(x) = gofisCUon{—1,1)and I is CD

(x* 4+ 3)* (x* +37°°
on { —ec, —1) and (l,0¢}. The inflection points are (il,f-,).
H.
b
y=1
;4

5. - X

y x*—1

A. The domein is ( — oo, — 1) J{ — 1,1){j(1,e0).
B. The y-intercept iz 0 and the X-intercept ig 0. |

=X x:—1

=~ - f(x), #0 { is an odd function and it is symmetric about

the origin.

D. lim —%*— = 0, so thers is a horizontal asymptote at y = 0.
X+ 400 Xx*° -1

Hm f{x} = —o0, lim f{x) = oo, lim f(x) = —oo, and lim f(x) == oo,
X weu]" K —-1 x-1- x =1
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s8¢ there ere vertical asymptotes at x = 1.

2 2 2+1
. Plxy = X =1=2x _ __X T  0on the domain, so [ decreases on
E. ftx o —1) ® 1)
{ — o0, — ])s ( - 1:1). and (1,00).
F. There are no maximum or minimum pcints, ,
2 — 12— (¥ o Daxx2 —1) _ 2xfx® —1) —2%% -2

- . f” —

G. ) ® 1 (x* — 1)

_ 2x{x” +3)

T =1
Interval x Cox? =1 | 4 f
(—e0,—1) — + - cD
(—1L0) -_ - + Cu
(G,1) + — _— CD
(1,20) + + + cu

The only inflection point is (0,0).
H.

4 }
!

1= —]

_ x -
- v =& ip

A. The domain is ( —os,1)[J{1,%0).
B. The y-intercept is 0 and the x-intercept is 0.

X

i----x—-——ﬁ-i, so there is no symmetry.

C. f{—x) = -

= 0, s0 there it a horizontal asymptote at y = 0.

REUE . U ety

= o0, g0 there is s vertical agymptote at x = |.

lim
x‘l—-l (x —1)°

(x —1¥ —2x(x — 1) x +1
R 4 pr— e — oy — 1’1 nd
E. f(x) —C x—17 go f increases on ( )a

f decreases on ( — oo, — 1} and (1,c0).
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F. f{—1) = —5 i & local minimum and f(1) does not exist.

~x—1° +3x +1Xx—1)° _ 2Ax+2) g for x> —2, 80 [ is CU on
(x —1)° (x —1)

G. (x) =
(—2,1) and (1,00) and f is CD on (~o0, —2). The inflection point is (—2, —2).

H.

n} ]

-2 -1

1
L —x  xx—IXx+D "
A. The domain is { — s, — 1)J( —1,00J(0,1)1J(1,00).

B. There are no intercepts.
f{ —x) = —f(x), so the function is odd and it is symmetric about the origin.
D. lim 1 = 0, 50 there is 8 horizontal agymptote at y = 0.

X— +oox’ —x

lim f(x) = —oo, lim f(X) = oo, liu&_ﬁx) = oo, lim f(XJ = — 00,

x—-1" X —-=] X— x—0%
lim f(x) = --oo, and hm f{x) = — oo, s0 there are vertical asymptotes at
x—1%
X = —1, x=0and x = 1.

E. f(x) = —-—i")z, so f increagses on ( —J_ .J_ ) and decreages on ( ~— oo, —-\r ) and

(§1h00).

F. 1{— J— ) - 1s a local minimum and i‘(,r } - Sﬁ is & local maximum.

G. fx) = %07 — %% —(1 —3x)2)x® —x)3x* —1) _ —6x° +2 oot is CU
(x* —x)* ( -1

on ( —1,0) and (1,0) and f isa CD on ( —eo, —1) and (0,1). [Note that the numerator of

f” is slweys positive since b°—4ac <0.] There are no inflection points.
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U

0

-y

o
fl
t
—

T U ——

N\

" ——

8. v = 3

A. The domain-is ( — 0,0} J(0,20).
B. There is no y-intercept and the x-intercepts are <+ 1.

C. f{ —x} = —fi{x), so the function is odd and it is symmetric about the origin.

L. li:r; f{x) = 0, so there is a horizontal asymptote at y = 0.
X— oo

lim f{x) = oo and lim f{x) = — oo, 50 there is 2 vertical asymptote at x = 0.
x =0~ x —0%
L - L Zz 2 .
E. f'(x} = 2. 3}2 3% _ 3 —X_ 0 for x* <3, so  increases on ( —3,43) and
b's

f decreases on { — oo, -—\BJ and (ﬁ,oo).

2943

F. f( —4—3) = —%3 is 8 locel minimum eand f(ﬁ) = = is a local maximum.

—2x° —12x° +4x° _ 2x* —§)
5 .

G. f(x) = - =
Interval x° x> —6 4 f
(~co, —46) - + . cD

(—46,0) - - + cu
0.46) + - - cb
(§6,:) + + + cu

The inflection points are (-——1‘2, --:3_—;) and (JE,;%_.;),
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H.

9. y = x«’l — x2.

A. The domain is [-- 1.1].

B. The y-intercept is 0 and the x-intercepts are —1,0, and 1.

C. f{ —%} = —{(x), so the function is odd and it is symmetric about the origin.
D. There are nc asymptotes.

E. f(x) = ———2-?-‘2—-}- 1—x% = 1 —2x* >0 for x° <%, so [ increases on

241 —x? J1 =%

(——2 -L} and f decreases on { — 1, —-:f-.) and (‘\r'l)

42’z
F. f{—-L) = -1! ig s local minimum and f(-L) = } is 8 local maximum.
Nz : vz 2
-4:-]1 —x% —(1 —2x2
G rn(x) - )[Jl —xZ ] —4x +4x3 + X --2::3 _ X(2X2 —3)
’ 1—x? 2 - 2T
(1 —x%2 (1 —x?)

sof is CUon(—1,0) and f is CD on {0,1). The inflaction point is {0,0).

H.

)

-
H

10, v = —=X_,

A. The domain is ( — oo, —2)|J(2,0).

B. There are no intercepts.

C. f{ —x) = —f(x), so the function is odd and it is symmetric sbout the origin.
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D. lim f(x}) = —1 end lim f(x) = 1, so there are horizontal asymptotes at
X =0 X =0
y = #£1.
lim2 f(%) = ~~coc and lim f{x) == <, 50 there are vertical asymptotes at
X—-2” x—2
X = +2.
2
|x2“_4__ X
’ %% —4 4 .
E. f(x) = 3 - — 5 <0 on the domain, so f  decreases on
x*—4 (x* — 412

{ —o0, — 2) and (2,00).

F. There are no maximum or minimum values.

1
43ux* —4)%2 ‘
X o 12X S fisCDon(~oo,—2) and f is CU on
(x* —4)* £

(x? —4)2
{(2,cc). There are no inflection points.

G. I"x) =

H.

T ——
=

i
e

J
=

" . . st s e st el ]
©
[X]
1

—

|
—

x
11, ¥ NFaEE

A. The domsin is [0,00).
B. The y-intercept is 0 and the x-intercept is 0.

C. There is no symmetry.

D. xl_i.“én f(x) = 1, 80 the is a horizontal asymptote st vy = 1 and thare ig no

verticai asymptote.

(Nx + 1)) — Ix(=3=)
24 24 x - 1 i .
% + 1) NG T1ir > 0, so f increases on (0,%)

F. There are no maximum or minimum values.

E. '(x) =

—Fdx+1-24x+1)  -3-—-%
G. ["(x) = ¥x < -~ pa ﬁs - ——%{H—” <0 on the
4x{(x + 1) 43‘(& +1) 4x2({!-l + 1)3
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domain, so f is CD on {0,0), There are no inflection points. -

H.

b/

12, y = x —34x.

The domein is R.

The y-intercept is 0 and the X-intercepts are — 1, 0, and 1.

f{ —x) = —f{x), so the function is odd and it is symmetric about the origin.

o 0w

There are no asymptotes, but Iim f(x} - —oc and xl_i.nclb f(x) = oo.

E. f(x) = 1—-x3>0 when x<—3,—2, so { increases on (mon,—aT) and (= r°°) and

{ decreases on («—¢ T
-2¥3

F. f( -—;i-:;) - ”r is a local maxdmum and f{-1: 4..) =2 ig 8 local minimum.

6 )
G. (%) = %x'3 >0 for x>0, so I is CU on (0,0c) and f is CD on { —o0,0). There is

an inflection point at £(0) = 0.
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Exercise 5.6

1. ia) vy = 2‘_—3{.@ = 2—x—%. nowxiigx:w[f(x)-—u-—x)] =x_l.i;|:®(—é) = 0,
so y = 2 —X is the slant asymptote.
oy = =1 _ x 1 now lim [fx) —x] = iim (—%) = 0,50 y = x is the
X x° X e 00 X—goo < :

slant asymptote.
v o XA 42 . .
Yy = =g = X+l4 nowx—l'l;l:éo[ﬂx) (3x + 1]

= lim - 1 . 0,80y = 3x+1 is the slant asymptote.

K~ f-aoX +1

v o Al 1 i [y — 2% — 1] = lim —L — =
id) y = % 41 =% 1+2x+1’ nowx_l.xico[ﬂx_: (2x l)] ’?.;.1’;":@2::-}-1 0,
so y = 2x —1 is the slant asymptote.

3 hd

) X7 44x° +5%x 416 x .

el y = - = X444 — , now lim {f(x)—(x +4)
x° +4 X +4 xu:i;eo[ x +4)]
< lx:ntn: - xzi4 = 0,50y = x +4 is the slant asymptote.
x +x* —x* %3 . - . x°
n = — = —X , now lim [f(x} —( —X)| == lim ~ = {,
Y X -1 +x3—1 x-:[;oo[( =t ] X—4oox®—1

s0o ¥y = —X is the slant asymptote.
2. 8 y = x*+9 - x+2, now lim [f(x)—x] = lim - 0, 30 y = x is the
slant asymptote.

A. The domain is ( — 0,0 J(0,c0).
B. There ere no intercepts.
C. f{—x)} = —f(x), so the function is odd and symmetric about the origin.

D. There are no horizontal asymptotes.

lin(i} fix) = —oc and lim f{x) = oo, 50 X = 0 is a vertical asymptote.
x -0 x—0

2
E. fix) = ¥>—9 50 when x?>9 e ix| >3, so { increases on { — oo, — 3) and (3,00)

fed
e

and [ decreases on { — 3,0) and {0,3).
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F. fl —3) = —6 is a local maximum and f(3) = & is a local minimum.
G. (%} = E so f is CU on (0,e) and f is CD on ( — =,0). There are no inflection

o

points.
) b
T //,
II}- -x
/, -
R
l,
’/
//
/\
by ¥y = ’f——_i—x:—l =X —2— 1, now lim [fhu—\x-Z)] = lim (=) = 0, so
X X — I S e e
Y= X -2 is a slent ssymptote.
A. The domain is ( — 2,0)] }(0,00).
B. There is no y-intercept end the x-intercepts are 1 ;}_—E.
C. There is no symmetry.
D. There sre no horizontal asymptotes, but xl-i."é'-a f(X) = oo andx!_i.:_noof (X) = =—oo,
Iiné fix! = oo and lim f(x) = —ec, 8o there is a vertical asymptote at x = 0.
x -0 X —0
” x2 41 . .

E. [ix} = =— >0 on the domein, so f increases on { — ,0) and (0,o).

F. There are no maximum or minimum velues.

f“ix) = —2:.0 when x <0, 80 f is CU on ( —o,0) and f is CD on (0,00). There

are no inflection points.

H. §r

X

~ X 4 » now lun [f(x)—x]-hm xl- 0,50y = x is

. X
c) y = —
x°—1 x*—1 X— $o0 X2 —

the slant asymptote.
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A. The domain is ( — oo, —1){J{ — 1,1} }{1,0).
B. The y-intercept is 0 and the x-intercept is 0.
C. f{ —x) = —f(x), so the function is odd and it is symmetric about the origin.
D. There are no horizontal asymptotes.
lim f(x}) = —oo, lim f(x) = oo, lim f(x) = —oo, and lim f(x} = oo, 80 there
X —-1" X —ewl x—1 X -1
are vertical asymptotes at x = 1.
4 2 “ 202
E. fMx) = 3x (;‘fi l}‘: 3 }:x(:‘—l)z) >0 when f >3, so I incresses on
{ — oo, —-E) and (\E,m) and { decreases on (-—ﬁ, ;I), {—1,1), and (l,wﬁ).
F. f(—3) = —32{—3 is a local maximum and f(§3) = 3—!-_3 is a local minimum.
G. frix; = X —6x)7 ~1)° —i(x® — 3x2Ux® — 1)2x)

x*—1y

_ 4x® —10x® +6x —4x® +12x* _ 2x(x” + 3)

(x* —1¥ (x*—1°"
Intervail X (x* —1)° | i f
{—o0, — 1) - + 7 - CD
{—1,0) - — + CuU
(0,1) + - - CD
{1,00) + + + Cu

The inflection point is {0,0).
H.
y‘r

A Btk o v

X —] %
I,/
»’\
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Exerciss 5.6

: x—1° _ x*—3x"4+3x—1 |
@ y = E = = - x—-34 xxz » Bow_ _l.ioa[f(x)—(x—3)]

-;( _li;wg‘?—‘;;—:-l = 0, 80 y = %X —3 is the slant asymptote.
A. The domain is { — o,0)]| J(0,c0).

B. There is no y-intercept and the x-intercept is 1.

C. There is no symmetry.

D. There sre no horizontal asymptotes.

liu(l} f(x) = —ec, and lim f(x) = -—oo, s0 there is a vertical asymptote at
X—U" x—0 '
x = 0.
2 2 3
E- f:(x) - 3x (x - 1} :_2X(x - 1) - (x - l}zgx +2).
X ¢
Interval x? x+2 of r
({—o0, — 2} - _ i + increases
{—2,0) - + - decreases
(0,00) + + + increases

F. f(—2) = —Z ig a local maximum.

20 — 1)x +2) + (x — 1] — 3%%(x — 1)*(x +2)

G. f(x) = —

_ —1)[(2x2_+4x)+(x"’ — %) — 3(x — 1)x +2)] - 8% —1) oo f is CU on (1,00) and

x4

f is CD on { — 0,0} and (0,1). The inflection point is (1,0).
H.
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Exercise 5.6

3
3. f(x) = X ;—1 m X2 +:1'r' nowx _l.iioo[f(x) _xz] -x _l.i; ct)[(xi‘ + %) *xz]

= lim ,1—{ = 0, so { is ssymptotic to y = x°.
b e

A. The domain is { — ,0)|J(0,5}.
B. There is no y-intercept and the x-intercept is —1.

C. There is no symmetry.

D. xlirré_f(x) = —o0 andxl_i.lg fix) = o0, s0 X = 0 is & vertical asymptote.

E. Mx) = 2-%_,:—1 >0 when x* >, so f increases on (T‘-—ﬁ.m) and f decreases on
{ —eo,0) and

..f0,—:;!;‘-;}.

F. ”"3‘1";) = i_ﬁ is e local minimum.

“ 4 " z
G. fx) = 5 - 2% +1) o f is CU on (—o0,—1) and (0,00) and f is
X

CD on ( —1,0). The point of inflection is (—1,0).
H.
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5.7 Review Exercise

5.7 Review Exercise

1. (aJ_'th 4—3—-.- — oo, (b xh‘?‘&-;@-?)-f - oo,

(c;xfi?l'&_—-;l-*l—)—; =T @ xlfé‘;i—jf:g' - T

o s T T mx@%:;gc'x@%;;; 055~ 5

© tim, 577 ~x i ::,—' ° xli%;:i--%g T x=% :{;"Ej =2

i) lim (x*—2x") = lim x*x* ~2) = oo.

{j} Rationalize: hm (a]x +x—w,; —X) - l:m X +x;——x' +x
J::§+Gf3

“"13‘%14- +.j_E 1+o+~|__

2. (m) xij.“i fx_ ""2; = o, hllll+§x__il — oG, §0 there is a w.erticnl asynmptote at

X = % x-oh;i;oofx— 2; = —3, go there is a horizontal es-ymptote at y = —3,

b)) ¥ = o éx 9 =& _*1_ O xl_i.n_iam = o, 50 there is a vertical

asymptote at x = —3,

R i . .
lim ——. = 0, 50 there i a horizontal asymptote at - 0.
x~ foo(x+3°F ore ' ymp Y

- ! - ! - i ! o '
@ ¥ 2% —5x —3 (2x 4+ 1Xx —3) xl_l:l%'ﬂx +1)¥x—3). *
lim ———%X—— o, lim - — 0, and hm R T
K mem ,+(2x +1Xx —3) x..3-(2x+l)(x-~—3) +(2x +1Xx —3)

so there are vertical asymptotes at x »= -—§ and x = 3,

i ——x.-__- e i i 4 - o
N _}1;1: X F 1= 0, mo there iz a horizontai asymptote at y 0

<3 3
(d) lini xax - —oo and lim_'_;a-’!‘-——-i = oo, g0 there is a vertical asymptote at
X — - —— x—’l —

3

3
x = 1. lim —%— = 1, so0 there is & horizonts]l asymptote at y = 1.
X— 4oox’ —1
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5.7 Review Exercise

3. (a) vy = 5x°+12x2 —3x +2, ¥y = 15x2 424x —3, y” = 30x +24 = 6(5x+4),
soy is CU on { —3,) end y is CD on ( —eo, —3). There is an inflection point at

4238
{ & 25)

) y = x*—x*—3x"+x—12, y = 4x° —3x* —6x +1,
y* = 12x° —6x —6 = 6(2x +1)x —1), s0 ¥ is CU on { —e0, — 1) and (1,00} and y is

CD on { —1,1). There are points of inflection at ( —1, —22) and (1, —14).
_x® . 2x(x? +4) —2x%° 8x
@y== Y (x- + 47 (xF + 47
2 _ an 2 an __ayeE 2 __
. 8(x 4+ 4) 3I2x5{x* +4J Bx -9—q3.=, 332:: - ‘8(;3:: 34), so y is CU on
(x* +4)° (x* 4 4) x4+ 4)

{ — -2—__i} and y is CD on [ — 0, — T..r and { \r,cm There are inflection points at

id]

2 . .
x+1+:, x>0, y' = 1—3x% y” = 3x? soyis CU on (0,%), There

are no inflection points.

4. (@) f(x) = x* —x°, M(x) = 2x =3x% = x(2—3x%) = 0, when x = 0, x = 2.
f(x}) = 2—6x, (0)>0, so f(0) = 0 is a local minimum, £'(3) <0, so f(f) = S ise
iocal maximum.

(b) f(x) = 2x>+15x* —36x, {(x) = 6x°+30x —36 = 6(x +6)x —1) = 0, when

X = —6,x=1. f”x) = 12x+30, { —6) <0, so f( —6} = 324 is & local

maximum, f*(1) >0, so f(l1) = —19-is a jocal minimum.
_ x° ’ — z.x —2x —x2 - x{x —2) - — o~
{c) gix} = =7 g'{x) e T 0, when x = 0, x = 2.

Ve — 1y -
2x — 2 lzx _”(1’; 2xXx —2) (—x 31 g g’/(0) <0, so g(0) = 0 is & local

g(x) =

maximum, g’(2) >0, s0 g{2) = 4 is a local minimum.

@) gx) = x+41 —x, gx) = 1 ——2>L = 0, when J1 —x = hsox = 3,

241 -X

g(x) = ——1—:_,, g% <0, so g@) == 2 ijg a local maximum.
41 —x)?

5. (a) y = x° —6x%+9x.

A. The domasin is R.

B. The y-intercept is 0 and the x-intercepts are 0 and 3.
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5.7 Review Exercise

C. There is no symmetry
D. There are no asymptotes, but xli% (x® —6%% 4+ 9x) = oo and

lim (x® —6x74+9x) = —eo.
X —ut

E. y = 3x* —12x +9 = 3(x —1)Xx —3), so y increases on { —o,1) and (3,00) and y

decreases on (1,3).

F. f(l1) = 4 is a local maximum and f(3) = 0 is a iocal minimum.

G. ¥y = 6x—12 =6{x—2)s0 y is CU on (2,00) and y is CD on { —e,2). There is
a inflection point at (2,2}).

H. ,

a4

2.2)

(b) y = x*-—x*
A. The domain is R.
B. The y-intercept is 0 and the x-intercepts are 0 and 1.

C. There is no symmetry.

D. There are no asymptotes, but lim x%1 —x) = —o,

X= 4 oo
E. ¥y = 3x* —4x® = x%3 —4x), so y increases on { —eo,?) and y decreases on (5,).
F. f(3) = Z: is 8 local maximum.
G. y” = 6x —12x* = 6x(1 —2x), so vy is CU on (0,%) and CD on { —o0,0) and (%,oo).
There are inflection points at (0,0) and (,).

H.

2

(¢) ¥y = rarer
A. The domain is ( — oo, — 4)| J{ — 4,c0).
B. The y-intercept is ; and there is no x-intercept.

C. There is no symmetry.

5‘ li; mz-_%-_—x = 0, so there is 3 horizontal asymptote st y = 0.
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5.7 Review Exercise

, 2 _ _ , 2
T
X = —4.
E. ¥y =

T d+xP

F. There are no maximum or minimum values.

G. vy’ =

inllection points.

o, so there is a vertical asymptote at
2 <0, on the domain, so y decreases on { — oo, —4) and { — 4,00},

(@ _: 7 so y is CU on { — 4,0} and y is CD on ( — o, —4). There are no
X

There are

H.
,"jr
= =4
of r
: 1 —x°
d) y = =X,
( Y 1 4x°
A. The domain is R,
B. The y-intercept is 1 and the x-intercepis are +1.
C. f{—x) = f{x), so the function is even and it is symmetric about the y-axis.
D. lim 1 —x; = =—1, so there is a horizontal asymptote at y = —1.
x— Fool +x

no vertical asymptotes.

—2x(1 +x%) —2x(1 —x) _
(t +x%°

y decreases on (0,00).

E. ¥y =

F. (0,1) is a local maximum.

——4x
(1 +x°7°

_ 41+ X —16x°1 +%7) _ 4(3x* —1)

G. ¥y’ = .
Y (1 4 x%)°

(l +x23’

go y is CU on ( — oo, —

....1.'... . ____._l_ '1_ . . . _l__ ]_ .
{ ﬁ,co) and v is CD on ( e «{5)' The inflection points are ( + ﬁ"")
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5.7 Review Exercise

H. -

14+x?

1 —x%

A. The domain is ( — e, — D|J( — 1,1)|J(1,00).

B. The y-intercept is:1 and there are.no x-intercepts.

C. f(—x) = f(x), so the function is even and symmetric about the y-axis.

2
D, ilim 1 +x2 = —1, so there is a horizontal asymptote at y = —1.
Xx— 4+ool —x

2 z 2
lim 1.._‘.':12 = —oo, lim 1+x4 = oo, lim l+x“ = oo, and
X—-1"1—x % =]l —x* X—1"1—x*

2
lim+i +'x2 == — o0, 50 there are vertical asymptotes at x » --1 and x = 1.
x—-174i—X

2 2
E. y' = 2x(1 “:(l) 4;3;;(1 ) . a 4’;2}2, 80 y increases on (0,1) and (1,0) and y

decreases on ( — oo, — 1) and ( — 1,0).
F. f(0) = 1 is a local minimom.

242 2 2 Z -
440 —x :1 tigiﬂ —x) _ ‘((fx‘;)?, soyisCUon(—1,1)and y is CD

G. y" =

on ( —eo, —1) and (1,00). There are no inflection points.

)

y= -1

H.

4 2
(f) y = xx—4p.
A. The domain is R.
B. The y-intercept is 0 and the x-intercepts are 0 and 4.

C. There ie no symmetry.
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3.7 Review Exercise

1 2 1 2
i i 3 —_ 3 = i 3 -_— 3 TR - .
D. There are no intercepts but lencin x¥x —4) oo andxkgwx (x — 4) oo
2 | 3 _ _
E. vy = ix3{x~4P +3&x3(x ~4) % = I—ix 4 : 3x —4 ;-
3x3(x —4)° 3[x2(x - 4)]3
Interval 3x —4 x —4 y’ y
(— oo,“;‘_ _ — -+ increasing
(34) + — — decreasing
(4,00 + + + increasing
F. g = 3 {4 is a local maximum and f(4) = 0 is & local minimum.
1 . 2
3x® — 4x%)3 — (3x — &1L (3 —Bx)[x‘(x --4)]-3
PR | 3
[xzfx —4)F
3 __ < __ ¢ 3 __ 2 __ .
_ 37 —36x" —(9x 436:: 32x) _ 5_.32 ~ S0y is CUon ( —eo,0) and y is
Q{x"'(x-tlj]'-.‘ 9x3x —4)°

CD on (0,4) and (4,00). There is 8 point of inflection at (0,0).

H.
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5.8 Chapter 5 Test

5.8 Chapter 5 Test

62 4L
o 6xT—3x +1 . R 6—-0+40 -
1. (a)xll"g‘-'q—mxs-i-xz—-—s -xl-l-‘%o TFI_% IF0=0 3.

(b) lim X=L1 — o,

X -2 -
- . 1 —2x . _2 . . - 2
a;‘ _.h:'; w3-—-—---x i3 3 80 there is a horizontal asymptote at y 3
. 1 —2x ]l —2x . .
lim %2 = -—ooand lim —=2 = oo, 50 there is a verticel asymptote at
X -3 3x +5 x_‘_g*Bx-{—S
x = -g.
. s 1 -2x 1—x
3. ja) vy = —%X _ v = x+ = .
{x+17 (x+17° (x +1)°
. —(x 41 — 31 —x¥x + 1) 2x —4 . .
yY = T - (—;‘+ T 8o y is CU on (2,00) and ¥ is CD on
{ —o0,2).

(b) There is o point of inflection at (2,3).

4., y = 2—12x +9%° —2x*

(8) y’ = —124+18x —6x° = —6(x—1)x —2), s0 y increases on (1,2) end y
decreases on ( —a0,1) and (2,00).

(b) There is a local maximum at f(2) = —2 and s local minimum at f(1) = —3.
(¢) y” = 18 —12x,80 y is CU on ( —eo,2) and y is CD on (3,0).

{d) There is an inflection point at (. —3).

(e)
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5.8 Chapter 5 Test

5. - X
Y x2—9

() The domain is (— oo, — 3} J( — 3,3} J(3,).
(b) The y-intercept is 0 and the x-intercept is 0.
{c) f(x) = —{(x), so the function is odd and it is symmetric about the origin.

(d) lim X _ = 0, so there is a horizontal asymptote at y = 0.

-~

X— +oox*—9

= —o0, lim 2x = oo, lim ZX = —oo, and
x...._3+x -9 Xx-3"X —9

fim
X—-3"%x*—9

lim ==X == oo, 50 there are vertical asymptotes at x = —3and x = 3.
x-3tXx" — Q

ie) y = %ﬁ—’c = _(x;___-‘};g_) < 0 on the domain, so y decreases on ( - oo, — 3),
{x* —9) (x° —9)

{ —3,3), and (3, — o).
{f} There are no maximum or minimum values.

R \ WA 2
~ 2x(x* —9) +(:3: +9)4x) _ 2x(x +2'37), 8o y is CD on (—co, — 3) and
(x*—9) (x* —9)

B ¥’ =
(0,3) and y is CU on ( - 3,0) and (3,c0). There is a point of inflection at (0,0).

(h)
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Review and Preview to Chapter 6

EXERCISE 1
x_ 180 _ ane —3x_ —3X180_ _
Lo Z-18.3 ® = 3 270°
(c) ST*,S__..X:SO.:zzs* (d) 37=3X180="540"

(@ —12==12X180_ _ cgp

XX _x - _315Xx_Tx_
2. (a) 45 = &0 -‘——0.79 (b) 315 = s6 — 3 =5.50
0" —210X% __ _ Ix e ST0OX% _ 197
e 2XX X —8BXx _—TIx_
() 2'm= T80 50 ==0.03 () 28w 22000 T T
- 60lx
(g) 601 180 10.5
3. (@) amrf=10X2.5m25 ® ompmlloi2

a 32

n2Xx_2%x -t 32 _ 80
4. 72 == . Therefore r 3 Gdx x 25.46

180 5

EXERCISE 2

1.  rPex?4 y?e 9416 =25, Therefore r=5 and

smo—g, coso-g. t:nﬂ-%, clcﬂ—-, mo—g, cota—%.

2. r*m441=5, Therefore r= {5 and

Bind = :—1, COBf == -_—2. tan6=1.
T R 2

3. r*e=254 144, Therefore r=13 and
cach i> sech !5-. cotd i5
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