Sewart Calculus 5e 053439339X;4. Applications of Differentiation; 4.3 How Derivatives Affect the Shape of a Graph

1. (a) f isincreasingon (0,6) and (8,9).

(b) f isdecreasing on (6,8).

(c) f isconcave upwardon (2,4) and (7,9).

(d) f isconcave downward on (0,2) and (4,7).

(e) The points of inflection are (2,3) , (4,4.5) and (7,4) (where the concavity changes).

3. (a) Use the Increasing/Decreasing (1/D) Test.
(b) Use the Concavity Test.
(c) At any value of x where the concavity changes, we have an inflection point at (x,f(x)).

6.(a) f /(x)>0 and f isincreasing on (0,1) and (3,5). f /(x)<0 and f isdecreasing on (1,3) and
(5,6).

(b) Since f /(x):O at x=1 and x=5 and f / changes from positive to negative at both values, f
changes from increasing to decreasing and has local maxima at x=1 and x=5. Since f /(x):O at x=3

/ . . . : .
and f = changes from negative to positive there, f changes from decreasing to increasing and has a
local minimum at x=3.

: : , : /1 : -
7. Thereisaninflection point at x=1 because f = (X) changes from negative to positive there, and so
the graph of f changes from concave downward to concave upward. Thereis an inflection point at

x=7 because f / /(x) changes from positive to negative there, and so the graph of f changes from
concave upward to concave downward.

9. The function must be always decreasing and concave downward.
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14. (a) f(X)= ;(— — f /(X)= (X +3) (2x)-X (2X) _ 6Xx
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X +3 (x2+3) (x2+3)
of f /(x) is determined by the sign of x. Thus, f /(x)>0(:>x>0 and f /(x)<0(:>x<0. So f isincreasing
on (0,00) and f isdecreasing on (-o0,0).
(b) f changesfrom decreasing to increasing at x=0. Thus, f(0)=0 isaloca minimum value.

(©)

. The denominator is positive so the sign




Sewart Calculus 5e 053439339X;4. Applications of Differentiation; 4.3 How Derivatives Affect the Shape of a Graph

[ X +3 2(6)—6x- 2(x2+3) (29 _ 6(x2+3) [x2+&4x2]

R [(x2+3) 2]2 (x2+3)4
6(3-3:) _ 180+ D)(c )
(a)® ()

/1 /1 :
f (X>0e-1<x<land f (X)<O<x<-1 or x>1. Thus, f isconcave upward on (-1,1) and concave

downward on (o0 ,~1) and (1,00). There are inflection points at (il,—i )

: / / 1 51
15. (@) f(x)=x-2sinxon (0,37)=f (X)=1-2cosx. f '(X)>0< 1-2cos x>0« cOS X< 5 % X<
Vs / 1 T 5 Vs . : T 5t
or — <x<3r . f (x)<0<:>(:osx>2 & 0<x< 3 O 3 <X< 3 . So f isincreasing on ( 33 )

Vs . . s 57 Tn
and (3,371) ,and f isdecreasing on <0,3>and< 373 ) .

(b) f changesfrom increasing to decreasing at x= — , and from decreasing to increasing at x= z

3 3
Vi 5t 5n ) )
andaix—g . Thus, f ( 3 )—? +\[§z 6.97 isalocal maximum value and
7T T Vs Vs .
f ( 3 )-5 —ﬁz -0.68 and f ( 3 >_§ —\ﬁz 5.60 are local minimum values.

(c f / /(x):ZSinx >0< 0<x<mr and 27<x<3r , f / /(x)<0<:>7r<x<27r . Thus, f isconcave upward on
(0,7) and (27,37) , and f is concave downward on (7,27) . There areinflection pointsat (7,7) and
(27,27) .

23t '(0)=f 2= '(4)=0 horizontal tangents at x=0, 2, 4. '(x)>0 if x<0 or 2<x<4=> f is

increasing on (-o0,0) and (2,4).f /(x)<0 if 0<x<2 or x>4= f isdecreasing on (0,2) and (4,00).

/1 . : /1 : :
f (¥>0 if 1<x<3= f isconcave upward on (1,3).f = (x)<0 if x<1 or x>3= f isconcave
downward on (00 ,1) and (3,00). There are inflection points when x=1 and 3.
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27.(a) f isincreasing where f His positive, that is, on (0,2) , (4,6) , and (8,00) ; and decreasing
where f ' is negative, that is, on (2,4) and (6,8).

(b) f hasloca maximawhere f / changes from positive to negative, at x=2 and at x=6 , and local
minimawhere f / changes from negative to positive, at x=4 and at x=8.

(c) f isconcave upward (CU) where f ! isincreas ng, that is, on (3,6) and (6,00) , and concave

downward (CD) where f / is decreasing, that is, on (0,3).
(d) Thereisapoint of in.ection where f changes from being CD to being CU, that is, at x = 3.
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33.(a) h(x):3x5—5x3+3:> h /(x):15x4—15x2:15x2 (xz—l) =0 when x=0, + 1. Since 15x2 IS

nonnegative, h /(x)>0<:>x2>1<:> |X|>1 < x>1 or x<-1, so hisincreasing on (-c0,~1) and (1,00) and
decreasing on (-1,1) , with a horizontal tangent at x=0.

(b) Local maximum value h(-1)=5, local minimum value h(1)=1

(©)

/1
h' (3 =60x-30x=30x (1)

:60x<x+é ) (xﬁ >:>

/1 1 1 :
h (X)>0whenx>—= or-—= <x<0,sohisCUon ( -
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L\ and (0,2 Inflection points at (0,3) and
—00,~ = = . ’
IE 72 :
(-0.71, 4.24) and (0.71, 1.76) ].
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/ 1 ~1/2 X X+2(x+3)  3x+6
35. (&) A(X :x\f x+3= A (X)=x- 7 (Xx+3) +x+3-1= +W’ X+3= = .
@) AX ) 2( ) Z\f x+3 Z\f x+3 Z\f x+3
The domain of Ais[-3,00).A /(x)>0 for x>-2 and A /(x)<0 for -3<x<-2, so Aisincreasing on
(-2,00) and decreasing on (-3,-2).
(b) A(-2)=-2isaloca minimum value.

1
RZ _2“X+3'}(3X+6)' x+3 _ 6(x+3)-(3x+6) _ 3x+12 _ 3(x+4) Al 1150 for al
(©) (x)= 2 B 32 32 3/2 (x)>0 for
(2¢x+3) 4(x+3) Ax+3)7  4(x+3)

x>-3, s0 Aiis concave upward on (-3,00). Thereis no inflection point.
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