5000

30(l/av) =ik

. /M, so take

r IV such that

0 <t < 1/N. Thus,

‘henever 0 < t < 6.

tive number N such that

1/N < t < 0. Thus, for

enever —6 < t < 0.

-0o means that for every

iever ¢ < N. Now we

eed a negative number

< /M — 1. Thus, we

: .1:3) = —o0.
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= f(z) =2 + ¢ — z(z®+1) A. fisa polynomial, so D = R.
B. z-intercept = 0, y-intercept = f(0) =0 C, f(=z) = —f(z),s0 f
is odd; the curve is symmetric about the origin. D. f is a polynomial, so
there is no asymptote. E. T'e) = 822494 % 050 f is increasing on
(=00,00). F. There is no critical number and hence, no local maximum
orminimum value. G. f”(z) = 6z > 0 on (0,00) and f”(x) < 0 on
(=00, 0), so £ is CU on (0,0) and CD on (=00, 0). Since the concavity

changes at = 0, there is an inflection point at (0, 0).

~

U= f(x) = 2>+ 62° 4 95— z(z+3)> A. D=R B. z-intercepts
are —3 and 0, y-intercept = 0 C. No symmetry D. No asymptote

E f'(z) :3w2+12m+9:3(z+1)(m+3) SO0 & Foag
80 f is decreasing on (—3, —1) and increasing on (—00,—3) and (-1, 00).
F. Local maximum value f(=3) = 0, local minimum value

=l = 4 G, f”(x)~6m+12-6(m+2)>0 e D)

50 f is CU on (—2, c0) and CD on (=00, =2} IP at {2 —2)

[y

y:f(m):2~15$+9x2-az3‘~(m~2)(x2—7x+1) A. D=R B. y-intercept: Al =2

T-intercepts: f(z) =0 = gz =20r (by the quadratic formula) zz = 7+ ‘/“ ~ 0.15, 6.85
C. Nosymmetry D. No asymptote H. Y

E f'(z) = -15+ 182z — 322 = —3(z® — 6z +5)
Feb(e — (@ =505 0" hidp s

50 f is increasing on (1, 5) and decreasing on (—oo, 1) and (5, c0).

F. Local maximum value J(5) = 27, local minimum value Al =5

B (2) — 18 — 62— —6(z-3)>0 & ¢ < 3,50 fis CU on

(=00,3) and CD on (3,00). IPat (3,11)

4.y:f():8;1‘2~z4~;v2(8 xz)
©=0,+2v2 (~ +2.83) C. f(—z) =
E f'(z) = 16z — 42° =4z(4 -

A.D=R B. y- intercept: £(0) = 0; z- intercepts: f(z) =0 =
f(x), so fis even and symmetric about the y-axis. D. No asymptote
) = 42(2 + 2)(2 — z) >0 & H. (216 Y (2,16)
t<-20r0< <250 fis increasing on (—oo, —2) and (0,2) and
decreasing on (—2, 0) and (2,00). F. Local maximum value

§(£2) = 16, local minimum value f(0)=0

G. f"(m):16-12x2:4(4—3x2):() ® z=x2,
f'llz) >0 < —7<7‘< 3,sofstUon( %,%)and

CD on <—oo,—\'f> and(\/§ ) IP at (i%,%)
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5.y=flz)=ct+4’ =2’z +4) A D= R B. y-intercept: H. YI 8. y=f(zx)=2
f(0) = 0; z-intercepts: flz)=0 & z=-40 C. No symmetry —32° (372 -z
. th is

D. No asymptote E. f'(z) = 47% +122° = 42%*(z+3) >0 & R

g E. f'(z) =6
z > —3, so f is increasing on (—3, 00) and decreasing on (—o0, —3). ’
0 <z < 2an
F. Local minimum value f(—3) = —27, no local maximum g by Exercise 4.
G. f'(z) = 122 + Mo = 122(z+2) <0 & -2<z<0, AR F. Local mini
so f is CD on (—2,0) and CU on (—o0, —2) and (0, 00). value f(2) =
" 0
IP at (0, 0) and (—2, —16) I {ers
—2 <z
- = 3 = o ; et
6.y=f(x)=xz(xz+2)° A D= R B. y-intercept: f(0) = 0; 2 (07\/5)’
z-intercepts: f(z) =0 & T = —2,0 C. No symmetry D. No asymptote (f\/ﬁ,;gg,
E. f’(m):31-,(:L-+2)2+(m+2)3:(a:+2)2 [3:17+(z+2)]:(w+2)2(4m+2).f’(w) >0 & zT>-3
9. y=f(x)=

and f'(z) <0 & z<-20r-2<z< —1,s0 f is increasing on (—1, 00) and decreasing on (=00, —2)

and (—2, —3). [Hence f is decreasing on (—oo, —3) by the analogue of Exercise 4.3.53 for decreasing functions.] o

i b gt ; e I
F. Local minimum value f( 2) 2% no local maximum J—Lnll* o
G. f'(z) = (z+2)(4) + 4z +2)(D(@ +2) E. f'(z) =
=2(zx + 2)[(z +2)(2) + 4z + 2]
on (—o0,1)
= 2(x + 2)(6z + 6) = 12(z + 1)(z +2)
G. f'(z)=
() <0 & —-2<z<-lsofis CD on (—2,—1) and CU on
on (—o0,1)
(—o00,—2) and (—1,00). IP at (—2,0) and (-1, -1)

Toq— flo) = 205 — 522 +1 A. D=R B. y-intercept: f(0)=1 C. No symmetry D. No asymptote 0.y =z/(z-
E. f(z) = 10a* — 10z = 10z(z® — 1) = 102(z — 1)@ +z+1),50 f/(z) <0 & 0<z<land =
fl(x)>0 & z<0orz>1L Thus, f is increasing on (—o0, 0) and (1, 00) and decreasing on (0,1). E. f'(z)=
F. Local maximum value f(0) = 1, local minimum value f(1) = —2

(—1,1),s0
G. f'(z) =402 —10= 10(42® —1)so f'(z) =0 & z= 1/ V4. ¥ Locitl
f'(x) >0 & z>1/Y4and f'(x) <0 & x < 1/¥4, (

G. f'(z)

so f is CD on (foo,l/{}/Z) and CU on (1/\3/1,00)
negative or

IP at (L 1-— ——q——> ~ (0.630, —0.786) on (—00, -

Yi'~ o(¥a)
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'I 8.y=f(z)=20z>—3:°> A. D=R B. y-intercept: f(0) = 0; z-intercepts: f(z) =0 <

~32°(2* - L) =0 & z=00r+,/20/3~+2582 C. f(=z) = —f(z), so f is odd;

the curve is symmetric about the origin.. D. No asymptote

P E. f'(z) = 60z® — 152* = —1522(2® — 4) = —152%(z + 2)(z — 2),50 f'(z) >0 & —2<z<Oor

0<z<2and f'(z) <0 & z<—2o0rz>2. Thus, fis increasing on (—2,0) and (0, 2) [hence on (—2, 2)

-16
: by Exercise 4.3.53] and f is decreasing on (—o0, —2) and (2, 00).

E. Local minimum value f(—2) = —64, local maximum H. y [

401 (2,64)

value f(2) =64 G. f"(z) = 120z — 602° = —60z (2> — 2).
f'l@)>0 & z<-v2oar0<z<V2 f'(z)<0 o O s
_\/§<x<00rm>ﬁ.Thus,fisCUon(—oo,—\/i) L
and (0,/2), and £ is CD on (—=v2,0) and (v/2, o). IP at (~2,~64)

(=v2,-28V2) ~ (~1.414, -39.598), (0,0), and (v/2, 28 V2)

80T

& x> —3,
0,-2) Sy=f(z)=2/(x—1) A.D={z|z+# 1} = (=00,1) U(1,00) B. z-intercept = 0,
Jil (et

T
-int = 8r=0""€. % t D NES e HA.
easing functions.] y-intercept = £(0) O Symmetry QHHE g SOy is a

= —00, lim
z—1- T —1 z—1+ . —1

= 00,80z = 1is aVA. H. FA

; (z—1)—=z -1 ; :
B () = = f I d =1
f'(z) @—17 Tas it < Oforz # 1, so f is decreasing ¥

on (—00,1) and (1,00). F. No extreme values 0

fx=1
G. f”(z):(w—fﬁ>0 < z>1,50 fisCUon (1, 00) and CD

on (—o0,1). No IP

‘ e Wy=z/(z-1)® A D={z|z+# 1} = (—~o00,1) U (1,00) B. z-intercept = 0, y-intercept = f(0) =0
No asympto

C. No symmetry D. lim A g 0,s0y = 0isaHA. lim L)z = 00,502 = lisa VA.

e 1 and z—+o00 (:p — 1)2 z—1 (1- |

on (0,1). BN () = e 1)2((2 : f)(f)(x =4 = (;iz)lg This is negative on (—o0, —1) and (1, o) and positive on

(=1,1), so f() is decreasing on (—co, —1) and (1,00) and increasing on (—1,1).

E. Local minimum value f(—1) = —3. no local maximum, H. Y

iy~ @D+ @+ 1)B) (e -1)2 2z +2) i
q N (z) = @1 ‘(x_1)4.Th S

negative on (—oo, —2), and positive on (—2,1) and (1, 00). So f is CD
1,-2)

on (—00, ~2) and CU on (—2,1) and (1, 00). IP at (-2,-2) i L




W

258 O CHAPTER4 APPLICATIONS OF DIFFERENTIATION

N.y=f(z)=1/(z>-9) A. D= o} o £ 23} = (=p; =)V (=3,3) U(3,00) G. f'(z) =
B. y-intercept = f(0) = —$, no z-intercept C. f(-z) = f(z) = fiseven;thecurve is symmetric about
. ; { e 4 : . e i
the y-axis. D. xEI;Eoo m =0, soy =0isaHA. Illrg{ g = —00, xli.n;* m —eon
; 1 g i =
lim | - =80, lim ~———='="=00; soz = 3and z = —3 are VA.
z——3" 2 —9 z——31 z2 -9
2 f'(z)>0
¥y 50 g 25 0 (z # —3) so f is increasing H.
= (~3+/3,0) a
on (—oco, —3) and (—3,0) and decreasing on (0,3) and (3, 00) .
F. Local maximum value f(0) = —5. Jheis de O
o —2(a?—9)° + (22)2(s* —9)(22) _ 6(=” +3) Uy = f(z)=:
G.y = s 5 - gl e
(z2 —9) (22 - 9) C f-z/=
G >0 & >3 o< —3, 50 f is CU on (—o0, —3) and (3, 00)
and CD on (—3,3). NoIP is a HA; no V
12.y=fz)=z/(z>-9) A D={z | & # £3} = (—00,—3) U (—3,3) U (3,00) B. z-intercept = 0, (0,00) and d
y-intercept = f(0) = 0. C. f(=x) = —f(x), so f is odd; the curve is symmetric about the origin.
G. f (o)==
D. mli»gloo p ;9 =0, soy = 0isa HA. zliléh poRTE: :oo.zlirglﬁ o e o —00,
;,;ETw o = C%; ,lm%,— :ing = 0. 80 = dandz = =3 are VA. s
2 9 so fis CU or
g v -9)—=z(2z) " +9 et : Hisca i
E. f'(z) = & o =@ < 0 (z # £3) so f is decreasing on (—oo, 3), (—3,3), Fliere aeiv
and (3,00). F. No extreme values H.
G. () 22(2% —9) — (22 +9) -2(z® — 9)(2x)
el
(z2 — 9)* 15. y = f(z) =
2z (2* + 27) §
:————3—>0when*3<w<00rz>d,
(2 —9)° =17 CH
so f is CU on (—3,0) and (3, 00); CD on (—o0, —3) and (0, 3).
IP at (0,0) B ilnes
fi(x) <0

13. y = f(z) = =/(z* +9) A. D=R B. y-intercept: £(0) = 0; z-intercept: f(z) =0 < z=0
e ik
C. f(—z) = —f(z),so f is odd and the curve is symmetric about the origin. D. lim [z /(z® +9)] = 0.0 dEiae:

g F. No local 1

2
y=0isaHA;no VA E. Folr) = (m +(i)2(i)9;21(2m) = (52;3692)2 = i 2;?_&);2 s >0 & G. f'(z) =
_3 < z < 3,50 f is increasing on (—3, 3) and decreasing on (—o00,—3) and (3, 00). f" () is neg
1 CD on (—o¢

F. Local minimum value f(—3) = —#, local maximum value f3)=735




is symmetric about

= 00,

ntercept = 0,

origin.

)’ (_3’ 3)*

=0
e 9)] =0, 50
U <
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6. f"(z) = (z® + 9)2 (=2z) — (9 —2°) - 2(z® + 9)(2z) = ;
[(@+9)°]" \
_ (22)(2” +9) [~ (2® +9) —2(9 — 2?)] (.Y
(22 +9)*
:M:o & z=0,4v/27=433 (3.-3)
(z2 +9) \

f'(®)>0 & -3v3<z<Oorz>3v3,s0fisCUon

(~3v/3,0) and (3+/3,00), and CD on (—o0, ~3/3) and (0,3 v/3).

There are three inflection points: (0,0) and (£3 /3, +L ﬁ)
Wy=f(z)=2"/(z*+9) A. D=R B. y-intercept: f(0) = 0; a-intercept fil@)i=0 "< @ —(

C. f(=z) = f(z), so f is even and symmetric about the y-axis. D. lim _ [#®/(z2* +9)] =L,soy=1

x—

z° +9)(2z) — 2*(2z 1
isaHA;noVA E. f'(z) = ( ()(21)9)21 (2z) i = 85”9)2 >0 < x> 0,s0 fisincreasing on
T e+ ¢

(0, 00) and decreasing on (—oco0,0). F. Local minimum value £(0) = 0; no local maximum

G. f'(x) (z* +9)°(18) — 18z - 2(x +9) -2z 18(«®+9)[(«® +9) —42?]  18(9 —32?)
. )= = =
(@ + 9] 2>+ 9)° (@ +9)°
—54 s 3
(e \/—)(3 3] >0 & —vV3<z<V3
(z2+9)
so fis CUon (—v/3,v/3) and CD on (=00,—+/3) and (v/3, 0). H. y :
y=
There are two inflection points: (£v/3, 1). \ /
0 x
o 1
= f(x) = L$2 A. D={z|z# 0} = (-00,0)U(0,00) B. No y-intercept; z-intercept: (=0 S
z=1 C. Nosymmetry D. lil':il 3t =0,s0y = 0isaHA. lin})x_ = —o00,s0z = 0is a VA.
’ 21— (x—1)-22 —2®+2z —(z—2)
S (z) = @) = = ST ;80 fi(@) >0 & 10 <ax<2and
f'(¢) <0 & =z <0orz > 2. Thus, fis increasing on (0,2) and H. y
decreasing on (—oo, 0) and (2, c0). (23 33)
T —mnE n

E. No local minimum, local maximum value f(2) = 1

G. f,,(I):z3-(—1)~[ (x —2)] - 322 _ 22° — 62 _2(x—3).

(1'3)2 33'6 .1'4

f"(z) is negative on (—oc0, 0) and (0, 3) and positive on (3, 00), so f is

CD on (—o00,0) and (0,3) and CU on (3, c0). IP at (3, 2)
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2 -
16. y = f(x) = z > % b {z |z +#0}=(-00,0)U (0,00) B. No y-intercept; z-intercepts: fla=1

e z=42 C. f(—z)= f(z),s0 fiseven; the curve is symmetric about the y-axis.

= e =

p* — 2 ;
= :0,soy:0isaHA.1imT i = —o0,s0x = 0isa VA.
B0 5

D. lim
z—+o0 4

2t 2z — (22 — 2)(42°) —2¢° +- 827 oz ~4) 2zt 2)(z —2)

! B D el [ S AR S
E. f(z)= (14)2 8 5 5

' (z) is negative on (—2,0) and (2, 00) and positive on (—00, —2) and (0,2), so f is decreasing on (—2,0) and

(2, 00) and increasing on (—o00,—2) and (0,2). F Local maximum value f(£2) = %, no local minimum.

e e ek BN 22*[-2a® +5(a* —4)] _ 2(3” — 20)
) = (335)2 = 10 5 6

f" () is positive on <foo7 *\/—2—33> and <\/Z? oo) and negative on
(—\/%—6,0> and (0, \/770> so fis CUon <foo, = Z—S) and
<\/Zgooo) and CD on (—\/23?7(0 and (0, 2—5) :

IP at (t,/?g, %) ~ (+2.5820,0.105)

z? z?+3) -3 3 : .
1. y = f(z) = = = (——I%k%—— == 13 A. D =R B. y-intercept: f(0) = 0; z-intercepts:

flz)=0 & z=0 C. f(—z) = f(z), so f is even; the graph is symmetric about the y-axis.

2

D. 1111 2I+ 3 =1,soy = lisaHA. No VA. E. Using the Reciprocal Rule,
fiz)= =3 ol e f'(z)>0 & z>0and f(z)<0 & =z<0,s0fis decreasing
. (2 3 3)2 (x2 + 3)2 e : " : :

on (—o0,0) and increasing on (0,00). F. Local minimum value £(0) = 0, no local maximum.

(22 +3)? -6 —6z-2(z” +3) 22
(22 +3)2)°
6(z? + 3)[(z” +3) — 42°]

G () =

(z2 + 3)*
_ 6(3-32") _-18(z+1)(z— 1)
gy e LI (x2 +3)3

£ () is negative on (—oo, —1) and (1, c0) and positive on (-1,1),so0 fis CD on (—o0, —1) and (1, c0) and

CUon (—1,1). IPat (£1, §)

18.

a9

20.

y:f(w):§

y-intercept =

3

lim =
s——1— 3 =+

E. f'(z)=-
and (—1,00)
G = 12—

12

so fis CU or

IP at (0, 1)

y=f(z) =
x-intercepts:
E. f'(z) =
S %, SO J

F. Local ma

£'(x) < 01

y=f(z)=
D5 =

D. No asyn
negative for
F. Local m

G. ()
so fis CD




) — 0

on (—2,0) and

| minimum.

, x-intercepts:

axis.

50 f is decreasing

(0,0

and (1, c0) and

18.

2.

Ly=f(z)=2+v5—2z A. Thedomainis {x |5 —z >0} = (—00,5] B. y-intercept: f(0) = 0;
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3
]

= ()= 333 s} A. D={z|z# -1} = (—00,—1) U(—1,00) B. z-intercept = 1,

x

3 3
=l 1-1 :
y-intercept = f(0) = —1 C. No symmetry D. IETOO zg = = zli»linoo Tl;:% = 1,50 y.— IigeAiTA;
3o 3
lim - 2 =ocand’ hm L = —00,850x = —1isa VA.
a——1— 3 1 T A o 3 + 1
3 2 3 2 2

"1 )3z )= (z° —1)(3z 6z . :

B, fi(x) = ( L Sl 1) = 5 > 0(z # —1) so f is increasing on (—oo, —1)

(23 +1)° (z2 +1)

and (—1,00). F. No extreme values

122(z® +1)” — 62 - 2(z® + 1) - 322

3
G. ' = H. 3
4 (z3 +1)* —J
y=1

12z(1 — 2z°) 1
=———— >0 = r<—-lorl0<z<——,
(z3 +1)3 ) 0//“
so f is CU on (—oo, —1) and (O,%ME) and CD on (-1, 0) and (%oo) L /o~

1P at (0, —1), (&,—g)

(S

s

z-intercepts: f(z) =0 < x=0,5 C.Nosymmetry D. Noasymptote

' = i 10 — 3z
E fll@)=z-3(6-2) 2 (-)+(5-2)"2-1=1(6-2)" 2 [—z+2(56 —2)| = W S0te
z < 4,50 f is increasing on (—oo, 1) and decreasing on (2,5).
F. Local maximum value f(42) = 42+/15 ~ 4.3; no local minimum H. (1o IO{B)
y 5o
2(5 — z)'/2(=3) — (10 — 3z) - 2()(5 — &)~ /3(-1
6. (o) < 26 =DVAE) = (10-35) - 2(3)5 = )2
(2v5—1) >
_(5=2)7"?*[-6(5-=z)+ (10—-3z)] 3z —20
£ 4(5 — z)  4(5—x)3/2
f"(z) < 0forz < 5,50 fis CD on (—00,5). No IP

y=f(z)=2yz—~z A. D=[0,00) B. y-intercept: f(0) = 0; z-intercepts: f(z) =0 =
2=z = 4z=2’ = 4x-2’=0 = z4d-2)=0 = z=0,4

D. No asymptote E. f'(z) = % —-1= % (1 —y/z). This is positive for z < 1 and
5 z

C. No symmetry

negative for z > 1, so f is increasing on (0, 1) and decreasing on (1, c0). H. %
i
E. Local maximum value f(1) = 1, no local minimum.

G. f”(x) s (.r—l/Q & 1)/ =
50 f is CD on (0, c0). No IP

_1,-8/2
=D

= 95372 < Oforz > 0,

4\x
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