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4.4

CURVE SKETCHING

SECTION 4.4 CURVE SKETCHING

B Click here for answers.

1-38 = Use the guidelines of this section to sketch the curve.

l.y=1-3x+ 52— x°
3.

5.

20.
21.
23.
25.

27.

y=4x*—x*

1
T - D +2)
IREES
Y 1 — x?
_x—3
Y x+3
x*=1
y=
X
y=/x*—25
_ox+1
Y x2+1

. y=cosx — sinx
y = 2x + cot x,
y = 2cos x + sin’x

y=sinx + V3 cos x

y = e W+

y = In(cos x)

2
4.

18.

0<x<m

22.

24.

26.

28.

y=2x>—6x*— 18+ 7

y=2—x—x9

1
y=x2(x+3)
4
e
1
'y=4x3—9x

.yZ\/}—\/x—l
.y =x4/x2—9

y=x+ 3x??

s

y =sinx + cosx
y = 2 sinx + sin’x
X

y = xe

y = (In x)/x

B Click here for solutions.

29. y = In(x* — x)

31. y = In(tan’x)

33. y=x’Inx
35 y =2
37. y = xXle

39-42 = Produce graphs of f that reveal all the important aspects
of the curve. In particular, you should use graphs of " and f" to
estimate the intervals of increase and decrease, extreme values,

30.
32.

34.
36.

38. y=x —In(1 + x)

y =1In(l + x?
y=x%"
y= xe'

o*
e

intervals of concavity, and inflection points.

39. f(x) =4x* —Tx*+4x+ 6

40. f(x) = 8x° + 45x* + 80x° + 90x> + 200x

41. f(x) = x*sin x,

42. f(x) = sin x + & sin 3x

43-44 = Produce graphs of f that show all the important aspects
of the curve. Estimate the local maximum and minimum values
and then use calculus to find these values exactly. Use a graph of

-7T<x

<7

" to estimate the inflection points.

43. f(x) = er

44. f(x) = e
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SECTION 4.4 CURVE SKETCHING

4.4 | ANSWERS

I Clich here for exercises.

1.LA'R B.y-int. 1 C.None D.None E.Inc.on (3,3);

dec. on (—00,1), (3,00) F.Loc. min. f(3) = 22, loc.

575
max. f(3) =10 G.CUon (—o0,3),CDon (3,00),IP
(3 %)
H. %310
0 \ X
(5.5)

22 AR B.y-nt. 7 C. None D.None E.Inc. on
(=00, —1), (3,00); dec. on (—1,3) F. Loc. max.
f(=1) =17,loc. min. f(3) =—47 G.CUon (1,00),
CDon (—o0,1). IP (1,—15)

H 117"

/‘\47 ‘ /

—47] (3, —47)

3. AR B.y-nt0; z-int. 0,4 C.None D.None E.Inc.
on (—oo, 3), dec. on (3,00) F.Loc. max. f(3) =27
G.CU on (0,2); CD on (—o0,0), (2, 00). IP (0,0), (2, 16)

H J (3,27)
271

4. AR B.y-int. 2,z-int. 1 C.None D.None E.Dec.on

R F. None G.CUon (—00,0),CD on (0,c0).IP (0,2)
H. Y

0.2)

B Click here for solufions.

5. A {xz|z#—-2,1} B.y-int f(0)=—% C.None
D HAy=0,VAz=-2,z=1 E.Inc. on (—o0,—2),
(—2,—3):dec. on (—3,1), (1,00) F.Loc. max.

f(-3) =-% G.CDon(-2,1);CU on (—o0,—2),
(1, 00)
H. Y

0 X

x=-2 W\ x=1
[\ (-3

6. A {z|x#0,-3} B.None C.None D.HAy=0;
VAz=0,z= -3 E.Inc on(—2,0); dec. on (—oo, —3),

N [—

(=3,-2),(0,00) F Loc. min f(-2)=1 G.CUon
(—3,0), (0,00); CD on (—o0, —3)
H. M

x==3

jé:o >

7. A. {z |z # %1} B.y-int1 C.Abouty-axis D.HA
y=-1,VAz =21 E.Inc. on(0,1), (1, c0); dec. on
(—o0,—1),(—1,0) F.Loc.min f(0)=1 G.CUon
(—1,1); CD on (—o0, —1), (1, 00)

H. y

S

8. A {z|z#5} B.y-nt. -t C.None D.HAy=0,VA
=5 E.Inc. on (—o0,5), dec. on (5,00) F. None
G. CU on (—o00,5), (5,00)

A

(0, 1)
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9. A {z|z# -3} B.z-int. 3,y-int. =1 C.None D.HA
y =1, VAz =-3 E.Inc. on(—o0,—3), (3,00)

F.None G.CU on (—o0
H.

,—3),CDon (—3,00)

0 o
e

10. A {z |z #0,£2} B.None C.About the origin

2

D.HAy=0,VAz =0,z =+2 E.Inc. on (—‘/—5,0),

(0, 3@), dec. on (—oco,—32), (—%,—3@), (3@ 3),

2 2 272

(2,00) F.Loc. min. f (—ﬁ) = 3\/—,loc max.
F(4) =—35% G.CUon(-4,0). (4 00):CDon
(=00,-3)-(0,3)
H. y

oy -

M A{r|x#0} B.z-int1 C.None D.VAz =0

E. Inc. on ( 75 ) (0, 00); dec. on (—oo,—

F. Loc. min. f (—%)
(1,00);CDon (0,1). IP (1,

H.

1

)

392 G CUon (~o0,0),
0)

0 (LO)

12. A.[1,00) B.None C.None D.HAy =0 E.Dec.on
(1,00) F.None G.CU on (1,00)

H. Y

(1,

1

~—

SECTION 4.4 CURVE SKETCHING = 3

13. A. (—o0,—5)U (5,00) B.z-int. £5 C. About the y-axis

D.None E.Inc. on (5,00), dec. on (—
G. CD on (—o0, —5), (5, 00)
H.

00,—5) F. None

14. A. (—o0,—3]U[3,00) B.z-int. are £3 C. About the

origin D.None E.Inc. on (—oco,—3), (3,00) F.None
G.CUon (3\@ oo), (—3 g,—3); CD on
(—oo,—3\/§), (3,3\@) P (+3,/5,+2)

H y

15, AR B z-int. —1,y-int. 1 C.None D HAy =+£1

E. Inc. on (—o0,1), dec. on (1,00) F. Loc. max.
1) =v2 G CUon (o0, 247), (&4 o). €D

0n(3"/ﬁ 3i\/ﬁ) p [ 3viT 74 Va7
4 7 4 ' 4 7 a2 1eviT

3-Vi7 _7-/17
47 Va2 —evT7

H y
v=1

_’/0 1 y=—1

16. AR B.z-int. 0, —27, y-int. 0 C.None D. None

E. Inc. on (—o0, —8), (0, c0); dec. on (—8,0) F. Loc.
max. f(—8) =4, loc. min. f(0) =0 G.CD on (—o00,0),
(0,00)

H. Y
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SECTION 4.4 CURVE SKETCHING

17. A. [1,00) B.z-int. 1 C.None D.None E.Inc.on
(1,00) F.None G.CD on(1,00)

H. y

18. A. (—1,1) B.z-int0,y-int0 C. Abouty-axis D. VA
x =21 E.Inc. on(0,1),dec. on (—1,0) F. Loc. min.
f(0)=0 G.CUon(-1,1)

H.

19. AR B.z-int. nw + %, n aninteger, y-int.1 C. Period 27
D.None E.Inc. on (2nm + & 2n7 + Z£), dec. on
(2nm — % 2n7 + 2), nan integer  F. Loc. max.
f(2nm — ) =2, loc. min. f (2nm + ) = —v/2,nan
integer G.CUon (2n7 + & ,2nm + 25), CD on
(2nm — & 2n7 + £),1P (nm + £,0), n an integer

Y ViV
VAVAYA

2. A. (0,m) B.None C.None D.VAz=0,z=m7
E.Inc. on (%,2%); dec. on (0, %), (2%, 7) F. Loc. min.
f(3)=1+%loc max. f (%) =3 -1 G.CUon
(0,%).CDon (§,7).1P (5, )

H. y

IL.P

3T 37w

T

—_—

_1)

21. AR B.y-int.2 C. About the y-axis, period 2r D. None
E.Inc. on ((2n — 1) m,2nm), dec. on (2nm, (2n+ 1) 7), n
an integer F. Loc. max. f (2nm) = 2, loc. min.
f((@n+1)7m) =—2,naninteger G.CU on
(er + 2—?ZT,er + 4—;), CD on (2mr — Q—J,er + %’T) IP
(2mr + 2—; , 0)

H ;

WAAWA
VARV

22. A.R Note: fis periodic with period 27, so in B-G we
consider only [0,27] B. z-int. 3£, & y-int.1 C. Period
27 D.None E.Inc. on (0,%), (2F,2m); dec. on (§,3F)
F.Loc. max. f (%) = V2, loc. min. f (&) = -2
G.CUon (2,Zr);CDon (0, 2), (I, 27). IP (3£,0),

Ao
VAV

&1y

23. A.R Note: fis periodic with period 27, so in B-G we

consider only [0,27] B. z-int. Z°, 2 y-int.\/3
C.Period 2r D.None E.Inc.on (0,%), (%£,2n); dec.

on (%,%) F Loc. max. f (%) = 2, loc. min.
5

S (%) =-2 G.CUon (2,25);CDon (0,2F),
(5 ,2m). 1P (%5,0). (5.,0)
H.

"1(52)
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24.

25.

26.

27.

28.

A.R Note: f is periodic with period 27, so in B-G we
consider only [0,27] B. z-int. 0, 7, 27; y-int.0 C. Period
21 D.None E.Inc.on (0,%), (25,2n); dec. on (%, 2")

F.Loc. max. f () =3,loc. min. f (%) =—1 G.CUon
(0,§)- (%,2m): CDon (5, %) - TP (5,2)- (% 3)

’6 64
H. y
3
3m /\
o/ O\ 2
© w5m ‘ 2m x
16 2 76
A{x|x# -1} By-inte ! CNone D HAy=1,

VAz =-1 E.Inc. on(—oo,—1),(—1,00) F.None
G.CUon (—o0,—1), (=1,—3): CD on (—3, c0). IP

(=3.¢7)

H. I
|
|
|
I y=1
,,,,, b
/,___
| o
M X
x=—1:

AR B.z-int0,y-int0 C. About the origin D. None
E.Inc. onR F.None G.CU on (0, c0),CD on (—oo0,0).
IP (0,0)
H.

A. {x | 2nm — 3 <x<2mr+%,n:0,:|:1,:l:2,...}
Note: f is periodic with period 27, so in B-G we consider
only [0,27] B. z-int. 0, 27; y-int.0 C. About the y-axis,
D.VAz =%, 3% E Inc. on (2f,2r), dec.
on (0,5) F Loc. max. f(0)= f(2r) =0 G.CDon
(0,3) (5,2m)
H. !

period 27

wly

A.(0,00) B.a-int1 C.None D.HAy=0,VAz =0
E. Inc. on (0, €), dec. on (e,00) F. Loc. max. f(e) =1/e

29.

30.

31

32.

SECTION 4.4 CURVE SKETCHING = 5

G.CU on (63/2,00),CD on (0, e3/2)A P (63/2, 36*3/2)

t | 2

A. (—00,0)U(1,00) B.z-int. 1 (1++/5) C.None
D.VAz=0,z=1 E.Inc. on (1, co), dec. on (—o0,0)
F.None G.CD on (—00,0), (1,00)

y
H. =1

\ 0 /

X

AR B.z-int0,y-int0 C. About the y-axis D. None
E. Inc. on (0, c0), dec. on (—o0,0) F.Loc. min. f(0) =0
G.CUon (—1,1); CD on (—o0, —1), (1, 00). IP (£1,In2)

1 o‘ \ x

A {z |z #nn/2} Note: f is periodic with period 7, so in
B-G we consider only —% < x < § B.z-int. =4, %
C. About the y-axis, period m D. VAz =0,z = £5
E.Inc. on (0,%),dec. on (—%,0) F. None G.CDon
). IP (£%,0)

H.

AR B.z-int0,y-int0 C.None D.HAy =0 E.Inc.
on (0,2); dec. on (—00,0), (2,00) F.Loc. max.

£ (2) =4e 2 loc. min. £(0) =0 G.CUon

IP (2 V2, (6% 4v2) /7*)

H. y

inflection points

242 X
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33. A. (0,00) B.z-int. 1 C.None D.None E.Inc. on 36. A. {z|x#0} B.None C.None D HAy=0,VA
(1/4/e ,00), dec. on (0, /1y/e) F.Loc. min. =0 E. Inc. on(—00,0), (2, 00); dec. on (0,2) F. Loc.
F(1/VE)=-1/(2¢) G.CUon (6*3/2, oo), CD on min. f(2) = 3¢* G.CUon (~00,0), (0,00)

H.
(0.e7%/2). 1P (e7%/2,-3 /(2¢%) ) y
H. y
2
/ @)
L
0] ~——" X
(L1 0 x
AT

3. A, {z |z #0} B.None C.None D.VAz=0 E.Inc
3. A.{z|x#0} B.None C.None D.VAz =0 E.Inc.

_1 : — 00, —+ i
on (—00,0), (1,00); dec. on (0,1) F.Loc. min. f (1) =e on (~3,0), (0, 00): dec. on (~00, —3)  F.Loc. min.

3 1y 1.2
G. CU on (0, 00), CD on (—oo, 0) f(=3) =7¢* G.CUon(-00,0).(0,00).
H. :
H. y V )
(1, ¢)
1 &
(-3.%)
RY
0] x

35. AR B.z-int0,y-int. 0 C. About the y-axis D. HA 3. A (—1,00) B.a-int 0,y-int. 0 C.None D.VA

y =0 E.Inc. on (0,1), (—o0, —1); dec. on (—1,0), x =-1 E.Inc. on (0,00), dec. on (—1,0) F.Loc. min.
(1,00) F.Loc. max. f(£1) = 1/e, loc. min. f(0)=0 G.CUon(—1,00)
H.
y

f(0)=0 G.CUon (—oo, 15 ¢ \/ﬁ)

(—3VB—VIT.3V5 = VIT), (35 VIT,00);

CDon(—%\/SJr\/ﬁ,—%\/S—\/ﬁ), x=-1:
10
(3V5 = VIT,3V5+ VIT) Pate = £4/5 ¢+ V1T, | !
+1v5 - V17,
H. y

—a—l—,BO B 1 « X
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39. Inc. on (—1.1,0.3), (0.7, 0c0); dec. on (—oo, —1.1),
(0.3,0.7); loc. max. f (0.3) ~ 6.6; loc. min.
f(=1.1) ~ —1.0, £ (0.7) ~ 6.3; CU on (—o0, —0.5),

(0.5, 00); CD on (—0.5,0.5); IP (—0.5,2.1), (0.5, 6.5)

71A7k J 14

40. Inc. on (—oo0, —2.5), (—2.0, 00); dec. on (—2.5, —2.0); loc.

max. f(—2.5) &~ —211, loc. min. f (—2) ~ —216; CU on
(—2.3,00), CD on (—oo, —2.3), IP (—2.3, —213)

—100

—35 —0.5
=300

41. Inc. on (—7,-5.1), (—2.3,2.3), (5.1,7) ; dec. on
(—5.1,-2.3), (2.3,5.1); loc. max. f(—5.1) ~24.1,
f(2.3) =~ 3.9; loc. min. f(—2.3) =~ —3.9,

f(5.1) &~ —24.1, CU on (—7, —6.8), (—4.0, —1.5),
(0,1.5), (4.0,6.8), CD on (—6.8, —4.0), (—1.5,0),
(1.5,4.0), (6.8,7); IP (—6.8, —24.4), (—4.0, 12.0),

(—1.5,-2.3), (0,0), (1.5,2.3), (4.0, —12.0), (6.8,24.4)

SO
IRY

=25

25

SECTION 4.4 CURVE SKETCHING

42. Note: Due to periodicity, we consider the function only on
[—7, 7).
Inc. on (—2.4, —1.6), (—0.8,0.8), (1.6,2.4); dec. on
(—m,—2.4),(—1.6,—-0.8), (0.8,1.6), (2.4, 7); loc. max.
f(=1.6) ~ —0.7, f (0.8) ~ 0.9, f (2.4) ~ 0.9; loc. min.
f(—24) ~ —0.9, f (—0.8) ~ —0.9, f (1.6) ~ 0.7, CU on
(—m,—2.0), (—1.2,0), (1.2,2); CD on (—2.0,—1.2),
(0,1.2), (2.0, 7); IP (—m, 0), (—2.0,—0.8), (—1.2,-0.8),
(0,0), (1.2,0.8), (2.0,0.8), (,0)

-1

|

43. Loc. max. f (—%) — €2V3/9 1.5, loc. min.

f (L) = ¢~23/9 % 0.7, 1P (—0.15, 1.15), (~1.09, 0.82)

1.8

-2 1.2
0

4. Loc. max. f(0) = f (2m) = e ~ 2.7, loc. min.

f () = 1/e ~0.37,1P (0.90, 1.86), (5.38, 1.86)
3

0 2
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4.4 | SOLUTIONS
I Clich here for exercises.
Ly=f(z)=1-3x+52% —2?
A. D =R B. y-intercept = f(0) =1
C. No symmetry D. No asymptote
E. f'(z)=-3+10x—-32> =—3z—-1)(z—3)>0
& (Bz-1)(-3)<0 & i1<z<3 f(z)<0
& x < gorx>3 So fisincreasing on (3,3) and
decreasing on (—oo, 1) and (3,00). F. The critical
numbers occur when f' (z) = -3z - 1) (z —-3) =0 &
x = £, 3. The local minimum is f (3) = 3= and the local
maximum is f(3) =10. G. f'(z)=10—-6z>0 <
x < 3,50 fisCUon (—o0,2) and CD on (2, 00). IP
(5,57
H y (3,10
0 x
(- 27)
2y=f(r) =22 627 — 182 + 7
A. D =R B y-intercept = f(0) =7
C. No symmetry D. No asymptote
E. f'(2)=62>-120—18=6(z+1)(z—3) >0 &
(z+1)(z-3)>0 & z<-lorz>3 f'(z)<0
< —1< x < 3. So fisincreasing on (—oo, —1) and
(3, 00) and decreasing on (—1,3). F The critical numbers
are z = —1, 3. The local maximum is f' (—1) = 17 and the
local minimum is f (3) = —47. G. y’' =122 -12>0
< x> 1,50 fisCUon (1,00) and CD on (—oo, 1). IP
(1,—15)
H. SSUNE /
,; 0 }3 X
477 (3, —47)
Ly=f(z)=42> -2 A D=R

B. y-intercept = f (0) = 0, z-intercept = y =0 <
2?(4—-12)=0 & z=0,4 C. Nosymmetry D. No
asymptote E. ¢/ =122 —42® = 42> (3—-2) >0 <
x < 3,0 f1s increasing on (—oo, 3) and decreasing on
(3,00). FE Local maximum is f (3) = 27, no local
minimum. G. y" =12z(2—-2)>0 & 0<z<2,50

f1s CU on (0,2) and CD on (—o0,0) and (2, co). IP (0, 0)
and (2, 16)

H. Y 3,27)
274
0 L L L
1 2 3 4lx

Ly =f(r)=2—2—2a°

= —(:r—l)(:r8+9:7+9:6+9:5+9:4

+2+ 2 +x+2)
A. D =R B. y-intercept: f (0) = 2, z-intercept:
f(x)=0 < x=1 By partE below, f is
decreasing on its domain, so it has only one
z-intercept.) C. No symmetry D. No asymptote
E. f'(z)=—-1-92° = —1(92° + 1) <0 forall =, so f
is decreasing on R.  E No maximum or minimum
G. f'(x) =-722" >0 <« 2x<0,s0 fisCUon
(—00,0) and CD on (0, c0). IP at (0, 2)

H. Y
0 X
. 1 1
.y = f(x) =

(z—1)(z+2) T2 tx-2

A D={z|x#-2,1} = (—00,—2) U (—2,1) U (1, c0)
B. y-intercept: f (0) = —3:

no z-intercept C. No symmetry

. 1 . 1/2?
D. 1 —_— =1 -t
0
—— =0
1

soy =0isaHA. x = —2and = = 1 are VA.
(9:2+9:—2)-0—1(29:+1)
(@—17 (e +2)
:_—29:2+1 5 >0 &
(@— 17 (@ +2)
r<—2(@#£-2),(2)<0 & x>—-1(@#1).S0

[ is increasing on (—oo, —2) and (—2,—1), and f is

E. /' (z) =
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.y =f(z) =

decreasing on (—%,1) and (1,00). E f(—3) =—Fisa
local maximum.

G. 1" (2)

(z* +x— 2)2 (-2) = [z +1)](2) (z* +z—2) 2z + 1)

[(m — 1)2 (x+ 2)2] 2

2(z* +2—2)[-1(a®+2—2)+ (2w + 1)2]
- (- D" (@+2)
2(—r2 —r+2+4r2+4r+1)

(2 =1)° (@ +2)*

N 2(3m2+3r+3) N 6(m2+r+1)

@=1*(@@+2)° (z-1°(@+2)°
The numerator is always positive, so the sign of f' is

determined by the denominator, which is negative only for
—2 <z < 1. Thus, fisCD on (—2,1) and CU on
(=00, —2) and (1, 00). No IP.
H Y

x=-2 \ x=1
\ -3)

1
z? (z +3)
A D={z|z#0, —3} =(—00,—3)U(=3,0)U (0, 00)
B. No intercept C. No symmetry

. 1 .
D. zkrj{loom :O,SO’y:OlSElHA.
1
lim ————F = d I —_— =
zlg%)xQ(er?)) coant M. z? (z +3) oo
lim %:—oo,som:Oandm:—?)areVA.
rz— -3 T ($+3)
. 3(x+2)
E flz)=—"""5>0 & 2<z2<0
I (@) z3 (z + 3)°

f'(z)y<0 & xz<—-2orzx>0 Sofisincreasing on

(—2,0) and decreasing on (—oo0, —3), (=3, —2), and

(0,00). E f(—2) = ; isalocal minimum.

G. " ()

3m3 (x+43)° — (x+2) [3z% (z + 3)% + %2 (x + 3)]
26 (z 4 3)*

N 6(2m2+8r+9)

ozt (z+3)?

Since 222 + 8x +9 > 0 forallz, f(x) >0 &

x> —=3(x#£0),s0 fisCU on (—3,0) and (0, c0), and CD
on (—oo, —3). No IP

SECTION 4.4 CURVE SKETCHING = 9

H. y
x=-3
jz a >
. 1422 2
7'y:f(m):1_m2:_1+1_1,2

A. D ={z|x#=+1} B. No z-intercept,
y-intercept = f (0) =1 C. f(—z) = f (x), so f iseven
and the curve is symmetric about the y-axis.

2 1/2%) +1
D. lim T i (/7):—1,soy:—1
z—4o00 1 — 1‘2 xr— 400 (1/1‘2) -1
2 2
satA Jim 5 oo, tim 1 - oo
2 2
im T oo him AT o Sow—1

>

eo-1— 1— a2 z——1+ 1 — a2

and x = —1 are VA.
E. f/(m):LQ >0 & >0 (@ A1),s0f
(1—=?)
increases on (0, 1) and (1, 00), and decreases on (—oco, —1)
and (—1,0). E f(0) =1 isalocal minimum.
4(1- m2)2 —4z-2(1—2%) (—2x)
(1—2?)*

G’ y// —

- 4(1+434%)
C (1-a?)?
<1 & —1<x<1,so0fisCUon(—1,1)and CD
on (—oo, —1) and (1, c0). No IP
H. y

=

O, 1)

-y = f(x) =4/ (z—5)°

A D={z|x#5} = (—00,5)U(5,00)

B. y-intercept = f (0) = 3¢, no a-intercept C. No

symmetry D. lim

——— —=0,soy=0isa
zﬁj:oo(m_5)2 y

4 .
HA. lim ——— = oo,s0x = 5isa VA,
x—5 (fl'—5)

E f'(v)=-8/(r—5)°>>0 < x<5andf (zr)<0
< 1z > 5. So f is increasing on (—oo, 5) and decreasing
on (5,00). F No maximum or minimum

G. f"(z) =24/ (x —5)" > 0fora # 5,50 fisCU on
(—00,5) and (5, c0).
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SECTION 4.4 CURVE SKETCHING

9.

H y//
0 ;'x:5 X
y=[f(z)=(x-3)/(z+3)

A D={z|z#
B. z-intercept is 3, y-intercept =

-3} = (—00,—3) U (3,0)
f£(0)=—-1 C. No

r—3 1-3/x
D. L lim =
Synlnletry zirfoo x +3 z—Zoo | +3/:E ’
soy = lisaHA. lim x_?’:ooand
x——3— $+3
lim x_gz—oo,sox:—BisaVA
z—-3t x+3
E flo)- &F-@=3) 6
(x+3) (x+3)
' (x) > 0 (z #£ —3) so0 f is increasing on (—oo, —3)
and (3,00). E No maximum or minimum
12 .
G f'(z)=——————=>0 & x<-3,s50 fisCUon
T j

(—00,—3) and CD on (—3, c0). No IP

H J Yy
,,,,,,,,,,,, e
L RT3 x
x=-3
Ly =f(z)=1/[z (42" =9)] A D={zx|z+#0,+£2}
B. No intercept C. f(—z) = —f (x), so the curve is
. . 1
symmetric about the origin. D. zgrfoo m =0,
1
soy = 01saHA. ﬂéﬁm = —o00,
lim — 4 —— —o0, lim ———— = oo
eoo- x(4x2 —9) ozt xz(4a?2-9)
e—3/2— = (422 —9) ’zﬂ 32+ x (422 —9)

1
d 1 S —
an zﬂig}gf x (422 — 9)

122> — 9
(423 — 9z)?
—-‘2§<x<—‘§andf'(x)<0 =

—oo,sox:Oandx::l:%

are VA. E. f'(z) = — >0 & 2?<3

2 T < ——@, so f 1s increasing on (——@,0) and
( AQL) ddecreasmgon( ,—%), (_%7_39);

,oo4 E f(—Q):S—\/?’lsalocal

12y = f(z

minimum, f (@) = _W 1s a local maximum.
G. /" ()
—24x (4x3 — 9x)2 + (12x2 — 9)2 2 (4x3 — 9x)

(423 — 9z)*
 6(322" — 362% 4 27)
N x3 (422 — 9)3
Since 322* — 362% + 27 > Oforallz, /"' () >0 <
—3<w<O0orz> 2 50 fisCUon (—35,0) and (3,00)

and CD on (—oco, —2) and (0, 3).
H. y
el
= b
, z—1 , 1
y=[f(z)= —a'—— A D={z|z#0}
B. z-intercept 1, no y-intercept C. No symmetry
3_
D. lim —oosomoHA. lim “ T = —co
xr—+o0 r—0T X
x® —
and lim — 00,50z —01isa VA.
z—0— X
3
Ef@)-2t—-22t o0 o 281150
x x

& > — \/_(x;«éO) soflsmcreasmgon( \/_, )
and (0, co) and decreasing on (—oo, —75)4
F f (—\%) = S—Sé is a local minimum.

2(2* -1
G. f”(x):2—%:7( = )
x> 1lorxz <0,s0 fis CUon (—o0,0) and (1, 00) and CD
on (0,1).IPis (1,0).
H.

= x>0 &

=z —Va-1
A.Df{x|x20andx21}:{x|x21}:[1,oo)
B. No intercept C. No symmetry

D. lim (Vr—+r—1) =

. —_ — Vtvr—1

Jim. (Vz— vz 1)\/_+\/xT

lim ——————= =10,s0y =0 isaHA.
T —00 \/ZE‘I’\/ZE—
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'z = 1 < Oforall x > 1, since

\/_ 2\/96 -1
z—1<xz = +/x—1</x,s0 f is decreasing on
(1,00). F. No local maximum or minimum

1 1 1 1
G /=g [m—m

forz > 1,s0 fisCU on (1, c0).

] — @0

H y
(1, 1)
0‘ X
Ly = f(z) = Va2 - 25

A D= {z|2*>>25} = (—o0o0,—5] U[5,00)

B. z-intercepts are £5, no y-intercept C. f(—z) = f (),

so the curve is symmetric about the y-axis.
D. lirin v/x2 — 25 = oo, no asymptote

x
E. f'(z) =2 (22 |
(@) =1l 2 (22 —25)%*
if > 5,s0 f is increasing on (5, o) and decreasing on

(—o0,—5).

—25)"¥* (22) =

E No local maximum or minimum

L, 2(2® —25)%* — 342 (2* —25) /"
Gy = 4 (22 3/2
(z? —25)
22 4+ 50

4 (22 —25)7/*
so f 1s CD on (—oo0, —5) and (5, co0). No IP

H y
N } -
-5 0‘ 5 X

Ly = f(z) =222 -9

A D= {z|2’>9} = (—00,-3] U[3,00)
B. z-intercepts are +3, no y-intercept.

f (—z) = —f (), so the curve is symmetric about the
origin. D. lim /22 -9 = oo, hm Va2 —9 = —oc0,
2
x
no asymptote E. f'(z) = V2?2 -9+ ———= >0
ymp I (@) T o
for x € D, so f is increasing on (—oo, —3)
and (3,00). F. No maximum or minimum
22v/22 —9 — 2? (x/\/x2 — 9
G (@) = ==+ = )
2 —9 2 -9
T (2962 — 27)
=—7 >0 &
(@2 =97

x>3\/70r—3\/7<x<030j1sCUon( 3,00 )

and (—3 %, —3) and CD on (—oo, -3 %) and

16.

SECTION 4.4 CURVE SKETCHING = 11

;.
(3.3/2) 1 (3,/3,£257)
H »
-3
0 3 X

x + 1 .
f(z)= A. D=R B. z-intercept —
V2 +1
y-intercept 1  C. No symmetry D. lim 2l =1,
T —00 2 + 1
and lim % = —1, so horizontal asymptotes are
T — —00 x
y = *£1.
1
22 4+1—- —(22)(x+ 1
PN Gtz Lt
' (z* +1)
S E SR
(=2 +1)

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

F f(1) = v/2isalocal maximum.

1 (2> +1)*? =2 (2* +1)"% (22) (1 — )
(2 +1)°

G. ' (z) =

72x2—3x—1
(x2 4 1)%/2
f'(x)=0 & 22° -32-1=0 <«

3:l: 9—-4(2
= @ (= ):3i\/ﬁ. f(z)isCU on
2(2) 4
( 0o, 3=VIT )and (3+T‘/ﬁ,oo) and CD on
(3 Vi7 3+\/_) P 34+ V17 74+ /17
' 4 0 Vwvevit )’
37 7 - V17
\/42—6\/17
H. ’

v=1

/0 1 y=-—1

y=7f(r)=x+3z¥% A D=R
B.y:x+3x2/3:xg/3(x1/3+3):Oifx:OOr
1(©0)=0

C. No symmetry D. lim (x+3x2/3) = oo,

x—00

lim (x + 3x2/3) = lim 2%/3 (x1/3 +3) = —00,
no asymptote
E f(z)=1+2013 = (x1/3 n 2) Ja >0 o

00, —8), (0, 00) and

—27 (z-intercepts), y-intercept =

x>0 or x < —8,s0 f increases on (—
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12 =

SECTION 4.4 CURVE SKETCHING

F. Local maximum f(—8) =4,
74/3 < 0

decreases on (—8,0).
local minimum f (0) =0 G. f" (z) =
(z #0)so f1is CD on (—o0,0) and (0, oo) No P

H. y
(—8,4)
— TN
~—~2 —g |o X

y=1r()=vr—

A D={z|z>r}={z|2*®>x}
={z|z=1}=[1,00)

B. z-interceptis 1. C. No symmetry

D. lim /z —z =

E f(2)=3@-va) " (1-4a

x> 1,s0 fis increasing on (1, co).

00, no asymptote

71/2) > 0 for all

E No local maximum
Or minimum.

2
G. /(@) ==} @—v&) ¥ (1-4a71?)
1 x_ﬁ)*l/2%x—3/2
—4$+6\/_—3
16z (z f)3/2

since —4z + 64/ — 3 < 0 (negative discriminant as a
quadratic in 1/x). So f is CD on (1, c0).

H y

0 1 x

Ly = f(x) =2 [V1—a?

A D={z|2* <1} =(-1,1)
B. z-intercept = 0 = y-intercept C. f(—z) = f(x),so0 f
is even. The curve is symmetric about the y-axis.
. z’ . ’
D. Illr{l—ﬁ:oole{nﬁ 1_$2,SO.’K::|:].
are VA.
y 224/1 — 22 — 2 (—m/\/l—ﬂﬂ)
E ['(z) =
1—x2
x (2 - x2)
(1—a22)*?

Since 2 — 2 > 0and (1—22)*% > 0, f' (x) > 0if
0<z<land f'(x) <0if—1 <z <0, so f is increasing
on (0, 1) and decreasing on (—1,0).
1(©0)=0

F. Local minimum

19.

20.

G. " (x)
_(-= 2?)*? (2 - 32%) — (22 —2%) 3 (1 -

(1-a2)°

2
— % > 0forall z,s0 fisCUon (—1,1).
-

H.

y=f(x)=cosz—sinz A. D=R B . y=0
< cosx =sinr & $:n7r+§,
F(0)=1.
C. Periodic with period 2w D. No asymptote
E f'(x) =

= $*2n7r+

n an

integer (z-intercepts), y-intercept =

—sinx—cosx:() & cosxr = —sinx
ffx)>0 <
<x<2n7r+

T or 2nm + Z*
cosr < —sinx & 2n7r+ T so fis
increasing on (2n7 + 2F, 2nm + Tt) and decreasmg on
(2n7r — 1,2nm + 37") .
f (2n7r - %) = /2, local minima f (2n7r + %") =\~
G. f'"(x) = —cosz+sinz >0 &
xz e (2nm+ §,2nm + %") so f is CU on these intervals
and CD on (2n7 — 3% 2nm + %) 1P (nm + 5,0)

E Local maxima

sinz > cosr &

H. (F.\2)
VA
VIV

(F.2)
y=f(x)=2x+cotz, 0<z<7m A D=(0,7).

B. No y-intercept C. No symmetry

D. llm (22 4 cotz) = 00, lim (2z + cot z) = —o0, so
—0t T

x:Oandx:wareVA E. f'(z)=2—csc’z>0

whencsc’z < 2 < sinx>% = l<3L'<%T",so

J is increasing on (%, F') and decreasing on (0, %)

and (T,ﬂ'). ) ) f(% =1+ 7 isalocal
minimum, f () = 3¢ — 11is a local maximum.
G. " (x) = —2cscx (— cscxcotx) = 2esc? xeotx > 0

Scotz>00<z< %, s0fisCUon (0

(5.7 1 (5.7)

,3).CDon
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)

ST X

P

X=1T

2.y = f(x) =9%cosz +sin?z A D=R

B. y-intercept = f(0) =2 C. f(—z) = f(x), so the

curve is symmetric about the y-axis. Periodic with period 27

D. No asymptote

E. /' () = —2sinz + 2sinxzcosx = 2sinz (cosz — 1)
>0 & sinz<0 & (2n-1)7<z<2nm,

so fis increasing on ((2n — 1) 7, 2n) and decreasing on

(2nm,(2n+1)7). E f(2nm) =2 is alocal maximum.

f((2n+ 1) ) = —2 is a local minimum.

G. " (x) = —2cosx + 2c0s2x =2 (208’ x — cosz — 1)
=2(2cosz+1)(cosz—1) >0

& cosr<—3 & z€(2nm+ E 207+ 4,50 f

is CU on these intervals and CD on (2nm — 2F, 2nmr + 25).

IP (2nm & 2£,0)

EEEAWA
RV,

22. y = f(z) =sinx +cosz A D=R Note: fis

periodic with period 27, so in B-G we consider only [0, 27].

B. y-intercept = f (0) = 1, z-intercepts occur where

3w Im
4> 4

C. f(z+2m) = f(x),so f is periodic with period 27.
D. No asymptote E. f'(x) = cosz — sinz > 0 when

sinx = —cosz < tanx=-1 & x=

cosz >sinz & 0<z<forif <z<2m,

J'() <0 & Z << 3 sofisincreasing on (0, §)
and (2£,2r) and decreasing on (%,2%). F f (%) =2
is a local maximum, f (%) = —+/2 s a local minimum.
G. /" (z) = —sinz—cosz >0 & 2 <x<IE 50
JisCUon (3¢, Zt) and CD on (0, 2F) and (¢, 27). IP

(%:0). (5, 0).

H y

.
V

INFR

SECTION 4.4 CURVE SKETCHING = I3

8.y = f(x) =sinz ++3cosz A D =R Note: fis

periodic with period 27, so in B-G we consider only [0, 27].

B. y-intercept = V3, z-intercepts occur where
2
3 bl

5% C. No symmetry other than periodicity. D. No

asymptote E. f'(z) = cosz — v/3sinz = 0 when

sinz = —v3cosz & tanz=—/3 & z=

cosTt =3z & tanx:% & r=Z%orfr
F@)>0 & 0<z<forlE<z<2mf (z)<0
& % << IE So fisincreasing on (0, ) and

(%, 2m) and decreasing on (%, ). E f(%) =2isa

676
local maximum, f () = —2 is a local minimum.
G. f"(z) = —sinz — v/3cosx = 0 when tanx = —+/3

M.y = f(x) =2sinz +sinz A. D =R Note:

f 1s periodic with period 27, so in B-G we
consider only [0,27]. B. y-intercept = 0,
z-intercepts occur where 2sinz (2 + sinz) =0
& sinzg=0 & x2=0m27. C. No
symmetry other than periodicity D. No asymptote
E. f'(z) =2cosz+2sinzcosz =2cosz (1 +sinz) >0
& cosz >0 & 0<a:<§0r37’T < x<2m, 50 fis
increasing on (0,4 ) and (3£, 27) and decreasing on
(5,%). E f(3)=3isalocal maximum, f (3f) = -1
is a local minimum.
G. f"(z) = —2sinz + 2cos’ x — 2sin’

=2(—sinz + 1 —2sin® z)

=2(1+sinz) (1 —2sinz) >0 <
1-2sinz >0 & sihz<i & 0<z<for
5 <o <2m So fisCUon (0,%), (%,2m), and CD on
(%,5%). 1P (%,3) and (3£, %)

» 76 6°4 614

H. y
3

o3
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14 =

25.

26.

27.

SECTION 4.4 CURVE SKETCHING

y= fla) = e /D

A D={x|z# -1} =(—00,—1)U(-1,00) B. No
x-intercept; y-intercept = f (0) = e ' C. No symmetry
D. lim e YD) —1since —1/(x+1) = 0,50y = 1

z—+oo

isaHA. lim e Y@+ —(since =1/ (z + 1) — —oo,

z——1t

“1/(a+1) _

lim e oo since —1/ (z + 1) — oo, so

r— —1"
r=—-1lisaVA. E. f'(z)=e VD /(2417 =
J'(x) > 0 for all z except 1, so f is increasing on
(—00,—1) and (—1,00). F. No maximum or minimum
e V@t m1/(e11) (o)
(x+1)° (x+1)°
_eil/(zﬂ) 2z +1)

(@+1)*

G. f"(x) =

f"(z)>0 & 20+1<0 & z<-—3.5 fisCU
on (—oco,—1)and (—1,—3),and CD on (—3, 00). f has an
IPat (—1,e7?).
H. Y
|
|
|
| y=1
,,,,, S I
[
0 X

y=f(z)=xz¢~ A D=R B Both intercepts
are 0. C. f(—z) = —f(x), so the curve is

2
lim ze® = oo,

T —00

symmetric about the origin. D.

2
lim ze® = —oo, no asymptote

E f'(z) = ¢ fae (20) = (1422%) > 0,50 fis
increasing on R.  E No maximum or minimum

2

G. /" (x) = e (22) (14 20%) +* (42)

= (20) (3+2%) >0 &
z > 0,s0 fis CUon (0, co) and CD on (—o0, 0). f has an
inflection point at (0, 0).
H.

y = f(x) = In(cosx)

A D= faf e >0} = (~3,5) U (%, 5) U =
{m|2n7r—% <m<2n7r+%,n:(),:l:1,:l:2,...}

B. z-intercepts occur when In (cosz) =0 &

cosz =1 & z =2nm,y-intercept = f(0) = 0.

C. f(—x) = f (), so the curve is symmetric

28.

29.

about the y-axis. f(z+ 27) = f(x). f has
period 27, so in D-G we consider only

-5 <z<3. D zjirr?zf In (cosx) = —oo and
lim In(cosx) = —00,50 x = § and x = —% are VA.

"
NoHA. E. f'(x) =(1/cosz)(—sinz) =—tanz >0
& —% <z <0,s0 fisincreasing on (—3%,0) and

decreasing on (0, 7).
G. f"(z)=—sec®z<0 = [fisCDon(—%,%). No
1P.
H.

F f(0) =0 is a local maximum.

TTURTTTTTT

f(z)=(nz)/x A. D=(0,00)

, B. z-intercept = 1
Inz u

1
C. No symmetry D. lim —~ lim _{m =0, so
. . . Inz
y = 01is a horizontal asymptote. Also lim — =%
z—0

since Inz — —ocoand x — 01, so z = 0 is a vertical
E [ (2) = 1—Inz

z=e f'(z)>0 & 1-lnz>0 & hzrx<l &
O0<z<e f'(r)<0 < z>e Sofisincreasing on
E. Thus,

f(e) = 1/eis alocal (and absolute) maximum.
(=1/2)2®> = (1—Inz)(2z) 2lnz-—3

4 - 3

sof"(z)>0 & 2lnz-3>0 & hz>3 <
z>e¥? f"(2)<0 & 0<z<e¥? SofisCUon

(63/2, oo) and CD on (0, 63/2). Inflection point:
(63/2, %e’B/Q)

H. [ )

asymptote. =0whenlnz=1 <

(0, €) and decreasing on (e, 00) .

>

G. /" (z) =

y=f(x) :ln(av2 — )
A D={z|2*-2>0}={z|z<0orz>1}
= (—00,0) U (1, 00)
B. a-intercepts occur when 22 — 2z =1 <
¥’ —r—1=0 & =x=1(1++/5). Noy-intercept
C. No symmetry D. lim In (2* — z) = co,no HA.

lim In (m2 —x) = —o00, lim In (1‘2 —m) = —00, SO
z—0— z—1t
. 2¢ — 1
x=0andz =1lare VA. E. f'(z) = = >0
2 —x
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30

31

when z > 1 and f' (z) < 0 whenz < 0, so

f 1is increasing on (1, co) and decreasing on

(=00,0). F No maximum or minimum

2 (2* — ) — (22 —1) 22" 4221
(22 — z)? (2?2 —2)?

= f"(z) < 0forall x since —22° + 2z — 1 hasa

negative discriminant. So f is CD on (—o0, 0) and (1, co).

No IP.
X 1/
X

G. f"(x) =

H Y

N

.y=f(z)=In(1+2*) A D=R B. Bothintercepts

are0. C. f(—x)
the y-axis. D. lim In (1 + x2) = 00, no asymptote

= f(z), so the curve is symmetric about

E. f'(z)= 1i2>0<:>$>050j15

increasing on (0, co) and decreasing on (—o0, 0) .

F. f(0) = 0is alocal and absolute minimum.

G. ' (x) - 2(1+a%) — 22x (2z) 2(1- ac22)
(1+22) (1+2?)

< |z] < 1,80 fisCUon (—1,1),CD on (—oco,—1) and

(1,00). IP (1,1n2) and (—1,1n2).

H. '

SO X

y=In(tan’x) A. D = {z|x#nr/2}

B. z-intercepts nm + 7, no y-intercept.

C. f(—z) = f (z), so the curve is symmetric about the
y-axis. Also f (z+ 7) = f (z), so f is periodic with period
m, and we consider D-G only for -5 <z < 3.

D. limIn (tan2 x) = —ooand lim In (tan2 x) = 00,
z—0 T /27
lim In(tan®z) = 0o, s0 z = 0,z = +% are VA.

r——7/2

o2 2
E f'(z) — 2tan xsec” x :2heC x

tan? x tan
tanz >0 <« 0<az< %, s0 fisincreasing on (0, %)

>0 &

s

and decreasing on ( 5 ,0) . F No maximum or

. 2 4
minimum  G. ' (z) = — ==
sin x cos x sin 2x
Fi@) = sin? 2z

-4 <x <%, 50 fisCDon (—%,0) and (O,

M<O & cos2xr >0 &

) and CU on

SECTION 4.4 CURVE SKETCHING = |5

3.y = f(x) =2% " A D=R

B. Intercepts are 0 C. No symmetry

2% u 2x H 2

D. lim z%¢ ® = lim — = lim = = lim — =0,
T —00 x—o0 et x—oo et x—o00 e%
soy =0isaHA. Also lim z%e ® = oo.
xTr—r — 00

E. ' (x) =2xe " —2%¢ " =x(2—x)e ® > 0 when
0 < z < 2, s0 f is increasing on (0, 2) and decreasing on
(—00,0)and (2,00). FE f(0) =0 is a local minimum,
£ (2) = 4e™? is a local maximum.
G f'(x)=(2-2z)e " — (2w—a")e "

= (ac2 —4x + 2) e
2 —4x42=0 & =242 f"(z)>0 <
< 2—+2orx>2++/2 50 fis CU on (00,2 — \/5)
and (2 +v?2,00) and CD on (2 — v2,2 + /2). IP
(2 +1/2, (6 + 41/2) eﬁﬂ)
H.

? = 0 when

y
inflection points

oha—p 2 242 X

3.y =f(z) =2°lnx A. D= (0,00) B. z-intercept

whenlnz =0 < x =1, no y-intercept C. No

symmetry D. lim z?lnz = oo,

T —00
Inz u o 1z
lim z’lnz = lim > = 3
©—0+ 0+ l/ac oot —2/x

lim ( > 0, no asymptote
(

E. f'(z )*2x1nx+xfx 2Inz+1) >0 &

Inz > —% & x> e /7, s0 fis increasing on

(1 /+/€ , 00) and decreasing on (0, /1+/€).
E f(1/+/e) = —1/(2e¢) is an absolute minimum.
G f'(z)=2lhz+3>0 & hz>-3 <

z>e %% s0 fisCUon (e’g/Q,OO) and CD on
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34,

35.

(0.e7%/2). 1Pis (e7/2, 3/ (2¢%) )

H ¥y
1
0~~~ X
(52)
ﬁa 2¢
y=f(z)=ze"* A D={xz|xz#0} B. No
intercept C. No symmetry D. lim zel/® = oo,
lim ze'/® = —o0o, no HA.
1/z el/x -1 3172
lim ze'/* = lim € 2 im M
z—0t oot /@ a0t —1/a?
= lim eY* = oo,
z—0T
soz =0isaVA. Also lim ze'/® =0
x—0—
. 1
since = — —co = e'/% — 0.
x

E. f'(x) =e'/® f xel/” (—%) =el/® (1—1> >0
x x

& i <1 & =z <O0orz > 1,so fisincreasing on

(—00,0) and (1, co) and decreasing on (0, 1).

E f(1) = eis alocal minimum.

G. " (z) =e/" (=1/2%) (1 — 1/z) + /" (1/2?)
=/ >0 & x>0,

so f 1s CU on (0, co) and CD on (—oo0, 0). No IP

H y

(1, e)

y=f(z)= 2c* A D=R B Intercepts are 0

C. f(—z) = f (x), so the graph is symmetric about the
y-axis.
9 g2 2 un 2z

e = lim — = lim 5
z—+oo 2re®

z—+too %

D. lim =z
z—+oo

= lim e * =0,
@400
soy = 01isaHA.
E. f'(z) =2ze® — 2% =2 (1—2a%) e >0
< 0<z<lorz< —1,so0 fisincreasing on (0, 1) and
(—o0, —1) and decreasing on (—1,0) and (1, c0).

E. f(0) =0 1is alocal minimum, f (£1) = 1/e are maxima.

G. [ (z) =2 (20" —5a® + 1) = 0 where

2?=1(5£V17) & =215+ /17 (all four

36.

37.

possibilities). Let v = 11/5 4+ /17and 8 = /5 — V/17.
Then f'' () >0 & |z| > aor|z| < B,s0 fis CUon
(=00, —a), (=, ) and (e, 00) and CD on (—a, —3) and
(8, ). IPatx = o, £8.
H. y

y y
1 1

—a-1-89 B 1 « x

y=1f(x)=e/2* A D={x|xz#£0}
B. No intercept C. No symmetry

x

D. lim cu lim

T —00 {,UQ

x x
ey .. € . e
—zhmE:oo, lim — =0

x — 00 2{,2 T — 00 & — —00 2172 ’

soy = 0i1saHA. lin%% = 00,80 x = 0isa VA.
2 x x x

. x‘e® — 2zxe (x—2)e
R
orz > 0, so f is increasing on (—oo, 0) and (2, co) and

>0 & x<0

decreasing on (0,2). FE f(2) = 1€? isalocal minimum.
23" (x — 1) — 3z%e” (x — 2)
26

_ e’ (a:2 —x4:1:+ 6) S0

G. f'(z) =

for all z since 2> — 42 + 6 has positive discriminant, so f is
CU on (—o0,0) and (0, co).

H. y
é
(2.9)

0 x
y=f(z)=z%""" A D={x|z#0} B. No
intercept C. No symmetry D. lirin z?e Y = oo,
z = lim z?e"Y* =0,

z—0t
-1/ efl/x (1/2172)
: 2 —1/xz __ 7 € H .
xli},(l)j* e - xli},g)l* 1/(,172 - xli}gl* —2/373
e—l/x - 6*1/9” (1/:132)
= lim —— & lim ———2—2
xirg)l* —2/55 xi»%l* 2/(,172
= lim e Y% =o00,s0z =0isa VA.
z—0—

E. f'(z) =2ze V" +2%e /" (1/2?)
=e /"2 +1)>0 &

x> —1.s0 f is increasing on (—3,0) and (0, c0) and
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38.

39.

decreasing on (—oo,—3). E f(—1) =1¢’isalocal
minimum.
G. f"(z) =e V" (1/2%) 2z + 1) + 2 V/°

—e Ve (20" + 2z + 1) /z* >0
for all z since 222 4 2z + 1 has positive discriminant, so f is
CU on (—00,0) and (0, c0).
H

|
12—
E RS
~

0] x
y=f(r)=z—In(1+2z)

A D={z|z>-1} = (-1,00)

B. Intercepts are 0. C. No symmetry

D. lim+ [ —In(1+ z)]

rz——1

— 00,80 x — —11isa VA.

lim [z —In(1+2)] — lim « {1—M} — o,

T — 00 T — 00 xX
since lim In(1+x) B im (d+z —0
x— 00 X T —00 1
1
.1 1 _ -
E fl(x)=1 T 1+x>0 < x> 0since

x+ 1> 0. So f is increasing on (0, co) and decreasing on
(—=1,0). E f(0) = 0isalocal and absolute minimum.
G. f"(z) =1/(1+x)* > 0,50 fis CUon (=1, 00).

H. y

fx) =42 —72®> + 42+ 6 =

f(x) =162 — 14z +4 = [ (x)=
100 9

—-17 14
-3 3 ( )

12 U‘ * ‘ 12

—4 -15

After finding suitable viewing rectangles (by ensuring that we
have located all of the z-values where either /' = 0 or
"' = 0) we estimate from the graph of f” that f is increasing

40.

41.

SECTION 4.4 CURVE SKETCHING =

n (—1.1,0.3) and (0.7, c0) and decreasing on (—oo, —1.1)
and (0.3,0.7), with a local maximum of f (0.3) ~ 6.6 and
minima of f (—1.1) ~ —1.0 and f (0.7) ~ 6.3. We estimate
from the graph of ' that f is CU on (—oco, —0.5) and
(0.5, 00) and CD on (—0.5,0.5), and that f has inflection
points at about (—0.5,2.1) and (0.5, 6.5).

f(x) = 82° + 452" + 8023 + 9022 + 2002 =
1 (x) = 40z* + 1802 + 24022 4 180z +200 =
1" () = 1602® 4 54022 + 480x + 180

2000 -100
f
f
—4 2
/ < =35 -05
—1000 —300
250 250
-
) £
f {
-3 0.5
-3 0.5 { /
—50 —250

After finding suitable viewing rectangles, we estimate from
the graph of f' that f is increasing on (—oco, —2.5) and
(—2.0, ) and decreasing on (—2.5, —2.0). Maximum:
f(—2.5) = —211. Minimum: f(—2) ~ —216. We
estimate from the graph of f"' that f is CU on (—2.3, c0) and
CD on (—o0, —2.3), and has an IP at (—2.3, —213).

f(x) =x?sinz = f' () =2xsinz +2’cosx =
I (x) = b1nw+4xcoaac—x2 sinx
25
f
-7 7

-40

We estimate from the graph of ' that f is increasing on
(=7,-5.1), (—2.3,2.3), and (5.1, 7) and decreasing on
(=5.1,-2.3), and (2.3,5.1). Local maxima:

f(=5.1) = 24.1, f (2.3) =~ 3.9. Local minima:

f(—=2.3) = =3.9, f (5.1) =~ —24.1. From the graph of f"',
we estimate that f is CU on (-7, —6.8), (—4.0, —1.5),
(0,1.5), and (4.0, 6.8), and CD on (—6.8, —4.0), (—1.5,0),
(1.5,4.0), and (6.8,7). f hasIP at (—6.8, —24.4),
(—4.0,12.0), (—1.5,—2.3), (0,0), (1.5,2.3), (4.0, —12.0)
and (6.8, 24.4).
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42. f () =sinx + % sin3z = f'(z) =cosz+ cos3x From the graph, it appears that /"' () changes sign (and thus
= /" (z) = —sinz — 3sin 3z f has inflection points) at z ~ —0.15 and  ~ —1.09. From
1 22 the graph of f, we see that these z-values correspond to
( ; ( /\\« } inflection points at about (—0.15,1.15) and (—1.09, 0.82).
-7 + + T - £\ VA T
J V A\ \V4 w 44, 3
-1 22 f
4
% AN } ; .
- \/ ™ The function f (x) = €°**? is periodic with period 27, so we
] M consider it only on the interval [0, 27r]. We see that it has
local maxima of about f (0) =~ 2.72 and f (27) ~ 2.72, and

a local minimum of about f (3.14) ~ 0.37. To find the exact

Note that f is periodic with period 27, so we consider it on .
Jisp P values, we calculate f' () = —sinx €°*”. This is 0 when

the interval [—, r]. From the graph of f”, we estimate that f
is increasing on (—2.4, —1.6), (—0.8,0.8), and (1.6,2.4)
and decreasing on (—m, —2.4), (—1.6,—0.8), (0.8,1.6) and
(24, 7). Maxima: f(—1.6) ~ —0.7, £ (0.8) ~ 0.9,
f(24) = 0.9. Minima: [ (-2.4) =~ —0.9,

f(—0.8) ~ —0.9, f(1.6) ~ 0.7. We estimate from the
graph of f' that f is CD on (—2.0, —1.2), (0, 1.2) and f' (@) = % (=sinze™?®)
(2.0,7) and CU on (—m, —2.0), (—1.2,0) and (1.2,2). f

—sinz =0 < =0, 7 or 27 (since we are only
considering = € [0,27]). Also f' (z) >0 < sinz <0
& 7w <xz<2m So f(0) = f(27) = e (both maxima)
and f (m) = €°*™ = 1/e (minimum). To find the inflection
points, we calculate and graph

has IP at (—7,0), (—2.0, —0.8), (—1.2, —0.8), (0, 0), = —eosz e —sing (¢77) (—sinz)
(1.2,0.8), (2.0,0.8), and (, 0). = €% (sin’ z — cos x)
43. 18 5
f
-2 5 1.2 8
f(x)= e’ L0asz — —o0, and f (z) — oo as From the graph of /" (z), we see that f has inflection points
x — oo. From the graph, it appears that f has a local at x =~ 0.90 and at  ~ 5.38. These z-coordinates
minimum of about f (0.58) = 0.68, and a local maximum of correspond to inflection points (0.90, 1.86) and (5.38, 1.86).

about f (—0.58) = 1.47. To find the exact values, we
calculate f' (z) = (32° — 1) >~ which is 0
2 _ _ 4
when 3z —-1=0 < xf:l:ﬁA The
negative root corresponds to the local maximum

¥ (_%) — (VB (-1VB) _ 2V3/9 and the

positive root corresponds to the local minimum
! (ﬁ) — VDT -(NB) _ =2V3/9 g estimate the

inflection points, we calculate and graph

f” (ZI)) _ % |:(3ZI}2 _ 1) 6353735:|
= (3962 —1) e (3962 -1+ e’ (6x)

= 61371 (9964 — 62> + 62+ 1)
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