228 O CHAPTER4 APPLICATIONS OF DIFFERENTIATION

"N @f@)=2-12z+1 = f(z) = 32% —12=3(z + 2)(z — 2%
We don’t need to include “3” in the chart to determine the sign of ifi ().

r Interval x+2 x—2 ' i) l i j

a0 — = + increasing on (—o0, —2)

—2<x <2 + = — decreasing on (—2,2)

) S i 4 increasing on (2, 00)

So f is increasing on (—o0, —2) and (2,00) and f is decreasing on (—2,2).
_ 9 and from decreasing to increasing at z = 2. Thus,

(b) f changes from increasing to decreasing at © =
—15is a local minimum value.

f(=2) = 17 is a local maximum value and f(2) =
© f'(z) =6z. f'(x)>0 & z>0 and f(z) <0 <« <0. Thus, fis concave upward on (0, c0)

and concave downward on (—o0, 0). There is an inflection point where the concavity changes,

at (0, £(0)) = (0,1).

12. () f(z) =5— 3> +2° = f’(x):46x+3w2:3x(m—2).Thus,f’(m)>0 & z<0orz>2and

f(z)<0 & 0<z<2So0fis increasing on (—o0, 0) and (2,00) and f is decreasing on (0, 2).
(b) f changes from increasing to decreasing at z = 0 and from decreasing to increasing at £ = 2. Thus, f(0) =5is
a local maximum value and f(2) = 1 is a local minimum value.
©) f'(z) = —6+ 6z = 6(z — 1). () >0 « z>1landf’(z)
upward on (1, c0) and concave downward on (—00, 1). There is an inflection point at (1,3).

<0 & x <1 Thus, fisconcave

13. (@) flz) =2*-22+3 = f'(a)= 4z% — 4z = 4z (z® — 1) = 4a(z +1)(z - 1).

Interval z+1 ‘ T z—1 l I (@) f

z< -1 - - — - decreasing on (—o0, —1)
-1<z<0 - - - - increasing on (—1,0)

Uicin <1 + + 2 = decreasing on (0, 1)

L + e e = increasing on (1, 00)

So f is increasing on (—1,0) and (1, 00) and f is decreasing on (—00, —1) and (0, 1).

(b) f changes from increasing to decreasing at z = 0 and from decreasing to increasing at z = —1 andz =1.

Thus, f(0) = 3 is a local maximum value and f(£1)
© f'(z) =122° —4=12(z> - }) = 12(z + 1/v3)(z—1/v3). f'(@)>0 & < —1/v3or

z>1/v/3and f'(z) <0 ~1/+/3 < = < 1/+/3. Thus, f is concave upward on (—00,—V/3/3) and
(—+/3/3,V/3/3). There are inflection points at (£v/3/3,%).

— 92 are local minimum values.

(v/3/3,00) and concave downward on
2 2 et 20 '
14. (a) f(z) = —f:i = film)= e ‘?)(221’;)3)936 (24 — ( 26_;6 ER The denominator is positive so the sign
& T 2 x2 +
of f'(z) is determined by the sign of x. Thus, f'(z) >0 < z>0and fiz) <0

increasing on (0, 00) and f is decreasing on (—0,0).

< x<0.50fis

— 0 is a local minimum value.

(b) f changes from decreasing to increasing at z = 0. Thus, f(0)
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(22 4 3)2(6) — 6z - 2(x® + 3)(2z)  6(z” + 3) [2® + 3 — 42?]

© f'(z) = [(z2 + 3)2]2 & (2 + 3)4
_6(B8-32% -18@z+1)(z—1)
= (:EQ T 3)3 o (.’,1:'2 o 3)3

f'(#)>0 & —-l1l<z<landf’(z)<0 & z<-—lorz> 1. Thus, fisconcave upward on (—1,1)
and concave downward on (—o0, —1) and (1, 00). There are inflection points at (+1, 1).

15. (@) f(z) =z —2sinzon (0,31) = f'(r)=1-2cosz. f'(z)>0 & 1—2cosz>0 < cosz<42
& f<z<FToT<zr<dr f(z)<0 & cosz>3 & 0<z<ZorP<z<IZ Sofis
increasing on (%, %) and (%X, 37), and f is decreasing on (0, Z) and (3£, Z%).

(b) f changes from increasing to decreasing at x = 5—3" and from decreasing to increasing at = % and at x = 333
Thus, f(2£) = 2 + v/3 & 6.97 is a local maximum value and f(%3) =% -3~ —0.68and

f(%Z) = & — v/3 ~ 5.60 are local minimum values.

© f'(x) =2sinz >0 & 0<z<mand2r <z <3m, f'(r) <0 & =<z < 2r Thus, fisconcave
upward on (0, 7) and (27, 37), and f is concave downward on (7, 27). There are inflection points at (7, )

and (2, 27).
16. () f(z) = cos’z — 2sinz, 0 <z <27 f'(x) = —2coszsinz — 2cosz = —2cos z (1 + sin ). Note that
1+sinz >0 [sincesinz > —1], withequality < sinz=-1 < z=3r/2 [since0 <z < 2]

= cosz=0.Thus, f'(z) >0 & cosz<0 & m/2<z<3n/2and f'(x) <0 < cosz>0
& 0<z<7/20r3m/2 < x < 2m. Thus, f is increasing on (7/2, 37 /2) and f is decreasing on (0, 7/2)
and (37/2, 2m).

(b) f changes from decreasing to increasing at = 7 /2 and from increasing to decreasing at z = 37 /2. Thus,
f(m/2) = —2is alocal minimum value and f(37/2) = 2 is a local maximum value.

(c) f"(z) = 2sinz (1 + sinz) — 2cos® z = 2sinz + 2sin’ z — 2(1 — sin® )

= 4sin®z + 2sinz — 2 = 2(2sinz — 1)(sinz + 1)

o f'() >0 & sinz>1 & EI<z<¥ adf'(z)<0 & sinz<ilandsinz#-1 &
e @i 5 o1 %" —elEe 37” or %’r < x < 2m. Thus, f is concave upward on (’r 5—”) and concave downward

6
on (0,%), (3%, %), and (2, 27). There are inflection points at (%, —1) and (&, -3).

() =2"-52+3 = f(z)=5z*—5=5(z+1){z+1)(z—1).
First Derivative Test: f'(z) <0 = —-1<z<landf'(x)>0 = x> 1lorz < —1. Since f’ changes

from positive to negative at ¢ = —1, f(—1) = 7 is a local maximum value; and since f’ changes from negative to
positive at x = 1, f(1) = —1 is a local minimum value.

Second Derivative Test: f"(z) = 20z°. f'(x) =0 & z=41.f(-1)=-20<0 = f(-1)=Tisa
local maximum value. /(1) =20 >0 = f(1) = —1 is a local minimum value.

Preference: For this function, the two tests are equally easy.

i it
2+ 4

- oy (@44 1-322) 4-2° (2+2)(2-12)
) = Sk (2% + 4)2 T @@ t42 T (22 +4)2

First Derivative Test: f'(z) >0 = -2<z<2andf'(r) <0 = x> 2orz < —2. Since f’ changes

from positive to negative at x = 2, f(2) = % is a local maximum value; and since f’ changes from negative to

positive at z = —2, f(—2) = —1 is a local minimum value.




