Solutions 4.3

2. (a) f is increasing on (0, 1) and (3, 7). (b) f is decreasing on (1,3).
(c) f is concave upward on (2, 4) and (5, 7). (d) f is concave downward on (0, 2) and (4, 5).
(e) The pomnts of nflection are (2, 2), (4, 3), and (5, 4).

6. (@) f'(x) > 0 and f 1s increasing on (0, 1) and (3, 5). f'(x) < 0 and f 1s decreasing on (1, 3) and (5, €).
(b) Since f'(z) = 0atx = 1 and x = 5 and f' changes from positive to negative at both values, f changes from increasing to

decreasing and has local maxima atx = 1 and x = 5_ Since f'(x) = 0 at = = 3 and f’ changes from negative to positive
there, f changes from decreasing to increasing and has a local nuninmm at x = 3.

9. (@) f(z) =22 +32* — 36z = f'(z) =62 +6x—36=6(z>+z—6)=6(x+3)(z—2).
We don’t need to include the “6” mn the chart to determine the sign of /().

Interval r+3 x—2 fi(x) I

x<—3 - - + increasing on (—oo, —3)
—3<x<2 + - — decreasmg on (—3, 2)

x>2 + + + increasing on (2, oo)

(b) f changes from increasing to decreasing at x = —3 and from decreasing to increasing at * = 2. Thus, f(—3) =8lisa

local maximum value and f(2) = —44 15 a local nummum value.

) f'(z) =62 +6xr—36 = f"(z)=12x+6. f'(z)=0atx=—-1 f'(z)>0 & z>-—1 and

22 2

f’(z) <0 & x < —% Thus, f is concave upward on (—2, co) and concave downward on (—oo, —3 ). There is an

infiection point at (~ 2. £(~2)) = (. Z).
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13. (@) f(x) =sinz +cosz, 0 <z < 2xr. f'(z)=cosx—sinx =0 = cosxr=sinx = 1= 222

COs &
tanz=1 = z=2Zor2 Thus, f'(z) >0 & cosz—sinz>0 & cosx>sinz & 0<z<Zor
L or<2rand f'(x) <0 & cosx <sinzx & %<:r:<ET“_Sofisiﬂcreasingon(D,%)aﬂd(ﬁTT,Zﬁ)aﬂdf
is decreasing on (5, &7).
(b) f changes from increasing to decreasing at = = % and from decreasing to increasing at = = 2 Thus, f() = v2isa

local maximum value and f( %) = —+/2 is a local minimum value.

(©) f"(z) = —sinz —cosz =0 = —sinz=cosz = tanz=—1 = =z =3I or X Divide the interval

(0, 27) mnto subintervals with these numbers as endpoints and complete a second derivative chart.

Interval f'(z) = —sinz —cosx Concavity
(0,2%) f"(5)=-1<0 downward
&5 | =150 g

(=, 27) M)y =1-1y3<0 downward

There are inflection points at (2= 0) and (Z=.0).

z oy (@ +4)-1-2(22) 4-2  (24+z)(2-—2)
211 =~ W=y @i @+ae

First Derivative Test: f'(z) >0 = —2<az<2and f'(z) <0 = =z>2o0rz < —2 Since f' changes from

2. f(z) =

positive to negative at = = 2, f(2) = 1 is a local maximum value; and since f' changes from negative to positive at z = —2,
f(—2) = —1 is a local minimum value.
Second Derivative Test:
(2? +4)%(—22) — (4 —2?) - 2(c® + 4)(22)  —2x(a” +4)[(z* +4) +2(4 —2?)] —22(12—2?)
=+ 97 B (EEE BRCEE

fllz)=0 & z==2 f"(-2)=<L >0 = f(—2)=—1%isalocal minimum value.

f”(s:] _

f"(2)=—% <0 = f(2) =1 isalocal maximum value.
Freference: Since calculating the second dervative 1s faurly difficult, the First Dertvatrve Test is easier to use for this
function.
25. f(0)=f'(2) = f'(4) =0 = honzontal tangents at z = 0, 2, 4. Y
fl(z) >01fx <0or2<x <4 = fisincreasingon (—oo,0) and (2,4).

fllz) <0if0 <z <20rx >4 = fisdecreasingon (0,2)and (4, co).

f'(z) »0ifl <x <3 = fisconcaveupwardon (1,3). /
f'(z) <0ifx <lorx >3 = fisconcave downward on (—oo, 1) and (3, cc).
There are inflection points when = = 1and 3.
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28.

53.

fllz) > 01f |x| <2 = fismcreasingon (—2.2). f'(z) < 01if|z| >2 = y
f 1s decreasing on (—oo, —2) and (2, oc). f'(2) = 0, so f has a horizontal tangent . T e
32 ¢ =

(and local maximum) at x = 2. m];]{r;g flz)=1 = 1y =1 1sahorizontal asymptote. y__:_':]_' ______ 3 3 X

f(—=) =—Ff(x) = fi1sanodd function (its graph 1s symmetric about the origimn).

Fmally, f"(x) < 01f0 < = < 3and f"’(x) > 0if x > 3,50 f1sCD on (0, 3) and

CUon (3, 00).
. The function must be always decreasing (since the first derivative 1s always negative) ¥

and concave downward (since the second derivative 1s always negative). _-""“"-.\

0 \r

@A) =(z+1)°-5z—-2 = K(z)=5(z+1)*-5h(z)=0 & 5=z+1) =5 & (z+1)*=1 =

(x+1)=1 = z+l=lorz+1l=—-1 = z=0o0rx=-2 h'(z)>0 & =z<—2orzx>0and
h'(z) <0 <« —2 <z <0.Sohismereasing on (—oo, —2) and (0, o) and h 1s decreasing on (—2,0).
(b) h(—2) = 7 1s a local maximum value and ~(0) = —1 1s a local nummum value. (d =27 ;
©h"(z)=20(z+1)° =0 & z=-1 h'(z)>0 & z>-—1land
h'(z) <0 & =z < —1,30hisCUon(—1, cc)andhisCDon(—oco,—1)

There 1s a point of inflection at (—1, h(—1)) = (—1, 3).

(0, _l)

_ 3
. @ B(z)=32"—2 = B(x)=2"1"-1= 2 122 ﬁ.B’(;r:}}UifU{:c{SandB’(x)-::[]i.f

V= V=
x < 0orz > 8, so B 1s decreasing on (—oo, 0) and (8, oc), and B 1s increasing on (0, §).

(b) B(0) = 01is a local nunimmum value. B(8) = 4 is a local maximum value. (d)
© B"(z) = —22~%/% = —=_ 50 B"(x) < 0 forall = 0. B is concave
F4/3

downward on (—oo, 0) and (0, o). There 1s no inflection point.

The nonnegative factors (= + 1) and (= — €)* do not affect the sign of f'(z) = (= + 1)*(z — 3)°(= — 6)*.

Sof'(z) >0 = (x—3)°>0 = z—3>0 = =z >3 Thus, fisincreasing on the interval (3, o)

Cflz) =2 = fllz)=42° = f"(z)=122" = §"(0)=0.Forz <0, f"(x) > 0,s0 f is CU on (—oc,0);

forz = 0, f"(x) > 0,so f 1s also CU on (0, o). Since f does not change concavity at 0, (0, 0) 1s not an inflection pomnt.
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