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Exer. 1-16: Find the local extrema of f and the intervals 31 f(x)=2tanx—tan’x; [—7/3, /3]
on which f is increasing or is decreasing, and sketch the 32 f(x) = tanx — 2 sec x; [—n/4, ©/4]

‘graph of f.
1 f)=5—Tx—4s 2 f)=62—9%+5
L afmereromen ol it A
&4 “g f)=x—x"—40x+8 the points that correspond to local extrema.
E! 5f(:f=}=x‘—8x1+‘1 6 flx)=4x*—3x* 33 y=4x+cosx y
o 7 f() = 102G~ 1 8 f)=(F— 109
o 9 f(x)=x**+4x'? { 10 f(x).= x(x— 5
11 ) =x¥x =T +2 12 f(x) =x*PE8—x)
k. 13 ¥ =2 YF 4 »
R TS CELES T R I A
; 15 f(x) = x/x* =9 16 () =xJ/Ad—x ,\/
"’ Exer. 17-22: Find the local extrema of £ on [0, 2x] and
Iy the subintervals on which f is increasing or is decreas-
g ing. Sketch the graph of f.
L : _ﬁ.-jy"i;f(x)=cosx+sinx 18 f) =cosx—sinx
" 19 flx)=4x—sinx " 20 f(x)=x+2cosx ' ,
:% 21 f(x) = 2 cos x + sin 2x 22f(x)=2cosx+.c032x 34 yniz-?-x—sinx y
['; Exer. 23-28: Find the local extrema of f.
3 23 f(9) =~ 9% 24 (9 = +4
25 fl) == D+ 1t 26 S =Xx~
| bZ?MJJ;:a zsf(xJ=J;ﬁ-‘~ HHHHHHA A
& " Exer. 29-32: Find the local extrema of £ on the given
2 interval.
B 29 f(x) = sec x [~=/2,n/2]
B E 30 f(x)=cot? x+2cotx; [n/6,57/6]

Exer, 35-40: Sketch the graph of a differentiable func- 40 f(a)=aand f(@)=0fora=0
: 3 - =y, :tll izn i3;
tion f that satisfies the given conditions. J(x) > 0 for all other values of x
35 f(0) = 3; /(—2) = f(2) = —4; f'(0) is undefined; : ‘
P9 <0ifx<—20r0<x<2 estimate the local extrema of f. (b) Estimate where f is !

36 f(3) =5; f(5) = 0; f'(5) is undefined; f(3) =0 increa.alng o is decreasing.
S)>0ifx<3orx> 5 f(x)<0if3<x<5 8 f)= izt 2l 2 fp) = 1008 2%

37 f(3) =5 f(5) =0, F(3) =f(5) =0; 03x‘+2.3x+27 2+4
ff(x)>0n'x-<3orx>5;jr(x)<0ifS<x<5 E] Exer. 43.44 Gﬂph f" on [-1,1]. Esl:lmate th

38 f(0)=3;f(-2)=/(2)= ~4; - coordinates of the local extr £ %
Fl=2) = f(0) =f@)=0; chsbigteaa . e lo ema of f and classify each

f)>0if —2<x<0o0rx>2;
f)<0ifx< —20r0<x<2

39 f(—5) =4 f(0)=0; f(5) = —4;

f(=5)=10)=1(5)=0;
f0)>0if |x|>5 f(x)<0if0<[x|<5

43 f'(x) = x — cos nx — sin x
44 f'(x) = 6x —3x? — 13x + 0.5



e lTiCe 2

EXERCISES 4.4

[}en VT

{5 -~ . - Exer.1-18: Find thelocal extrema of f, using the second
i derivative test whenever applicable. Find the intervals
on which the graph of f is concave upward or is concave

Exer. 25-28: Use the second deﬂvaﬂve test to find the
local extrema of f on the given interval. (See Exercises
29-32 of Section 4.3.)

I . downward, and find the x-coordinates of the points of

[—n/2,7[2]

¥ 25 f(x) =sec$x;
‘ inflection. Sketch the graph of f. o ; Ex; Yoo s maer T6Ewe]
E : f(x)?i-?-x;'l'x;l 50 27 f() =2tanx—tan’ x; [—=/3, /3]
g 2 flx) =%+ 10x* + 25x — _ .
) e 3§Ex;=3x‘“ix3+5 4 f()=8x* —2x* | 28 f(x)=tanx—2secx; [ /4, ©/4]
. s fl)=20—6b 6 f) =35 — 5
7 09 =02 — 1 8 f(x)=x*—4x® + 10
9 fl)=3x—-1 10 f)=2-3
i 1 f(x) = 32 (3x + 10) 12 f(x) = x**(1 -
L 13 f() = x3x— )3 v14 f()=xPx+2
1 15 f(x) = 8x!3 4 x*P 16 f(x) = 6x1/2 + X
J 17 f(x)=x’-\/9_—_x’ 18 f{x}nxm

Use ancLer:'V kst o -ﬁnc{ '2‘!-1""4"‘474 :

b

37
30 y::Tx—smx

1
LI S U N D )

T
¥

Exer. 31-38: Sketch the graph of a continuous function
S that satisfies all of the stated conditions. ..

31 fO=1; fQ=3; f0)=f(2=0; i
FX) <0 [x=1[>1; f)>0if [x—1|<1;
F)>0ifx<1; f)<0ifx>1

32 f(0) =4; f(2) =2; f(5) =6 f'(0) = f'(2) =
76> 0if|x—1]>1; f[x)<01f|x—1|<1
f'x)<0ifx<lorif|x—4|<1;
£ > 0 |x - 2|<10r1fx>5

3 f(0) =2 f) = f(=2)=1; ['(0) =
Fix)>0if x <0; f’(x)<01fx>0
3 <0if|x| <2; £ > 0if | x| > 2

34 f()=4; f(x)>0if x<1; f(x) <0if x> 1;
S"(x) > 0 for every x # 1

35 f(-2)= [0 = -2, f0) = [4) =0; f(2) = f(8) = 3;
7" is undefined at 2 and 6; f/(0) = 1;
f'(x) > 0 throughout (— o0, 2) and (6, 0);
S <0if|x—4|<2;
J"(x) < 0 throughout (— oo, 0), (4, 6), and (6, 0);
S"(x) > 0 throughout (0, 2) and (2, 4)

36 0y =2; /) = 1; f(4) = f(10) = 0; f(6) = —4;
f@=16=0

J'(x) <0 throughout (— o, 2), (2, 4), (4, 6), and (10, co);
J'(x) > 0 throughout (6, 10);

J'(4) and f(10) do not exist;

J"(x) > 0 throughout (— oo, 2), (4, 10), and (10, co);
f"(x) < 0 throughout (2, 4)

37 If nis an odd integer, then f(n) =1 and f'(n) =0; if n
is an even integer, then f(n) = 0 and f*(n) does not exist;
if n is any integer, then <
[a]f’{x}>0whcqever2n<x<2n+1
{b) f'(x) < 0 whenever 2n—1<x<2n

" [c) "(x) < O whenever 2n < x < 2n + 2

38 f(x)=xifx=—1,24,0r8;
S'(x)=0ifx= —1,4,6, or 8;
f'(x) <0 thmughout (" @, _1): (4| G)imd (81 m];
S'(x) > 0 throughout (—1, 4) and (6, 8);
J"(x) > 0 throughout (—co, 0), (2, 3), and (5, 7);
J*(x) < 0 throughout (0, 2), (3, 5), and (7, c0)

39 Prove that the graph of a quadratic function has no
point of inflection. State conditions for which the graph
is always

{a) concave upward  (b) concave downward

40 Prove that the graph of a polynomial ﬁmctmn of dcgrcc
. 3 has exactly one point of inflection.

[c] Exer. 41-42: Graph f on [~1, 1]. (a) Estimate where
the graph of f is concave upward or is concave down-
ward. (b) Estimate the x-coordinate of each point of
inflection.

MO =d xR 2xh 1 L .
42 f(x) = (x— 0.1*/T.08 — 0922

[c] Bxer. 43-44: Graph " on [0, 3]. (a) Estimate where the
graph of f is concave upward or is concave downward.
[b) Estimate the x-coordinate of each point of inflection.

43 f"(x) =x* — 5x° + 7.57x* — 3.3x + 0.4356
44 f"(x)=21sinnx+ 14 cosx— 0,6



Ans.

[>T Derry. T&ST

B f(z) = 6z* + 2z —20=208z-5)(z+2)=0&z= 3 —2..0n (—c0, —2) U

. (§ 0), f(z) > 0 and fis T on (~o0, —2] U [§, o). On (=2, §), /(2) < 0 and

_fislon[-2,§. Thus, f(— 2)-2913;1MAX&n&f(3)_—-ﬂiaaLM.W.

B fi(z) =122 —122 =122%(1 - ) =0 & z =0, 1.

B f(:) =4+ .
The sign of f' is determined by the factor (z + 1). On (—co, ~1), f'(z) < 0 and
fis | on (<00, ~1]. On (-1,0) U (0, o0), f'(z) > 0 a.ndfmton [-1, c0).

On (—oo, 0) U (0, 1), f/(z) > 0 and fis T on (—oo, 1].

On (1, o0), f'(z) < 0 and fis | on [1, o). Thus, f(1) = ImslMAX

:_:’3)

_4(z+ 1)
il 32:8

=04 z= ~1. f fails to exist at z = 0.

Thus,f(-—l)_.—Sma.!_MfN There is a vertical ta.ngenthne atz = 0.
-1/3 = : ;
+"': /%8 — :)=—;'?-§L=O#z=ls!.f'fnﬂutomstnt

2] f'(z) = -z
z = 0. The sign of f' changes at each critical number. On (—co, 0) U (3, o),
f'(z) < 0 and fis [ on (—oc0, 0] U [2, o).

[0, 4. Thus, £(0) = 0is & LMIN and f(i¢) =

] F(z = 2 z’—-ﬂ-l",h 7 — 1/3=2:=— = T =
[E1£(z) = 2-§(a" - 9)7/*(29) + (* - 9) Foa=tes=zj

whick are not in thudoma.moff S fails to exist at + 3.
[' is positive throughout its domain, and hence fis T on (—co, —3] U [3, o0).
There are no extrema. There are vertical tangent lines at z = *3.

@]f’(’)“—mr—mz'“ﬂ#sm:—.—coanf::— x Iz

Since —sinz < cosz on [0, ) U (&

(To see this, consider the graphs of ¥y= —sinzand y =
on [0, 3] U [ZF

Tu
» 27), f'(z) < 0 on these intervals,

On (0, ¥), f(z) > 0 and fis f on
818)%/° ~ 1042 § is a LMAX.

cosz.) Hence, fis |

» 2n]. Similarly, —sinz > cosz on (3f %) and fis 1 on 35, I

- Thus, f(’;-) = —2isa LMIN and f(Zx

[21] f'(z) = —2sinz + 2cos2z = —2sinz + 2(1 — 2sin’z) =

—-«l_iuLMAx.'

(2 — 4sing)(sinz + 1) = 0 & sinz = Jorsinz = —1ifz=§, &, 2=
Since (sinz + 1) > 0 for all 7, the sign of /() is determined by 2(1 — 2sin z).
Following the solution to Exercise 20, fis't on [0, §] U [%, 27] and | on (5, &7

_Thus, f(§) = §3 is a LMAX and (%) = —§{3 is a LMIN.

24f(z) = ==E—==0¢ z=0. f'(z) < 0 for z < 0 and f'(z) >.0 for z> 0.
REEY Thus, f(0) = 2 is a LMIN.

EZ01(z) =
f’fa.ﬂstoe.xiztat:::-Oa.ndB,butOisnotinthedoma.inoff.
£3<2<4f(s)>0andif > 4, f(s) < 0. Thus, f(4)

B0 f/(z) =

sign of f! cha.nges from ne,

3r+12

-3

sinz > § on (

x Brx

87

—U#:.':;l.

@lf'—i—-mz—-ﬂon[—2r,2w]=.=_ o

) U (-4, -

—2cot z csc?s — 2csez = —2csc’:{cotz+1)-—ﬂon[§ ¥ z=
since csc?z # 0. J! fails to exist at z =

§| Br'
r) and f'(z) < 0 on these intervals.

= & is a LMAX.

ar
Ky

§ but ¥ is not in the domain of f. Since the
gative to positive at z = 3, f(3) = _1isa LMIN

sinz < § on [—2r, —Un) y (=% 5) U (%, 27] and f/(z) > 0 on these intervals,

Thus, there are LMINat 7 = —

% % and IMAX st z = —Yx £,

(39] f(z) = 3fs" — A<°.
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£

(18] f'(z) =

o
f'(=2) = gT > 0and f(—2) = —6¥2 ~ —7.55 is a LMIN. f"(0) is undefined. .E.
By the first derivative test, f(0) = 0 is not a local extremum. 5
The sign of f"' changes at z = 0, 4, f"(z) >0 and fis CU on (—o0, 0) U (4, o). g glz

f"(z) < 0 and fis CD on (0,4). Platz=0,4. Il "'r‘

(18] f'(z) = -(f“Tz)‘fi =0 z=+42 f(z) = :T’(—:’Th)f?_ :‘E:lél:

F'(—42) = 4 > 0 = f(—2) = —2is a LMIN. ff?)=-d<0=> ;J:»H'
J_]_2Laal.MAX z = 2 are endpoints and cannot be local extrema. "o ,I-[\

The only value where f" changes sign in the domain of fis z = 0. : bie ':|
f"(z) > 0 and fis CUon (=2, 0). f(z) < 0 and fis CDon (0, 2). Platz= 0. =
[21) The CN are z = §, 5. f(z) = sinz, (%) = —? <0= =

@]T;e CNin (0, 2r) are z = 3%, v, 4. f"(z) = —2 cosz — 4 cos2z.

fl'

@Thaonly CNin (-5, §)isz =1 _f"(z)_{_aec ztanz(l — tanz) — 2 sects =

S RS

B fi(z) =12 — 122 = 128%(z = 1) = 0 & z =0, 1.
f1"(z) = 362 — 24z = 12203z — 2). f'(1) =12>0= f(1)=5isa LMIN.
f"(0) = 0 gives no information. By the first derivative test, z = 0 is not an
extremum. f(z) = 0atz =0, 3. f" changes sign at each of these points.
f"(z) > 0 and fis CUon (—oc0, 0) U (3, o0). f"(z) < 0 and fis CD on (0, 3).
_ Thus, there are Plat z = 0, §.
fi(z) = 162* — 162 = 152%(2 — 1) =0 & z =0, £ L. f(z) = 60z° — 30z =
302(27% — 1), f(+1) = £30 = f(1) = —2is a LMIN and f(—1) = 2is a LMAX.
F"(0) = 0 gives no information. By the first derivative test,
£(0) not an extremum. The table indicates Pl at z = 0, +1/2.

Interval 30z 272 — 1 i Concavity
(—o0, —{1/2) =l s o cD
(—{1/2,0) - - + cu

(0, 1/2) + = = o
(d1/2, o) + i Ty cv |

. [(2) =4z */® is undefined when z = - 0, otherwise f(z) > 0. No local extrema.
f'(z) = ﬁ:”‘" f"(z) > 0 and fis CU on (—co, 0).
-f"(z) < 0 and fis CD on (0, o). Plat z = 0.

-f:(z) 3-%755—0#:_& fffmhto%;:;=g_ fu(z)=ﬂ51+_1)

LY: W
'@ <0= @) = (0.4)*°(0.6) ~ 0.33 AX. Since £(0) is u::e.ﬁ.ned, use
the first derivative test to show that £(0) = 0isa LM/N. Since 9z*/° > 0 for = # 0,
there is no Plat z = 0. f"(z) > 0 and fis CU on (—oc0, -B. :

‘ f"(z) < 0 and fis CDon (—},0) U (0, o). Platz = —}.
Note: fis not CD at z = 0 since /' does not exist at z = 0, Also, the P/is not

noticeable in the sketch of the graph since the concavity change is slight.

B+4z 4z —4)
75 =0 & z= -2 f'fails toexist at z = 0. f!(z =
b 9z°

3 =% +_¥1551MAX- ) =0 = f@ =5-Lisa1mm.

(m) = —-2<0= f(r) = —1is a LMAX.
mE) = f"(’r) =3>0= f(%) = -3 and 48 = -g are LMIN.

It)

(5 = -8 < 0= f(5) =1isa LMAX.

[30] The CN on (—27, 27x) are z = —1%,

- ()
— 1 —0.05 are LMIN. Since f"(—%) = /(4% = -} <0,

f(=5) =3 — Y35 ~ 0.05 and f(4) = 2357 4 1 ~ 5.49 are LMAX.

Figure 36

“Fizure 35

Figure 34

Figure 32
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