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3.2 Monotonicity and Concavity

«» Monotonicity

: (increasing ) Al aie ) 35 8 Ay e

f'(x)=0

. (decreasing ) A1l aia ailii s 5 sy @

ff(x)<0

Example 1: If f(x) = 2x3 — 3x%2 — 12x + 7 ,find where f is increasing
and where it is decreasing.

Solution

flx)=6x>—-6x—12 =0
a=6, b=-6, c=-12
6+V36+288 6++324 6+18

X1,2 =

12 12 12
_6+18_24_
MTT T2
_6-18_-12_
2T T2 T
—+ l — \k ~+
¢ f

= 1

~ f(x) is increasing on (—o,—1] U [2,00)

~ f(x) is decreasing on [—1,2]
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Example 2 : Determine where g(x) = (1:;2) is increasing and where it is
decreasing.
Solution

[(DA+xH)] = [(0)@2x)]  1+x*—2x? 1 — x?

"(x) = = = >0
g 1 +x2)? A+x2)?  (1+x2)?
2
1 2\2 . >O 1 2\2
(1+x%) At 202> (1+x%)
1—-x2>0
1> x?
+1>x

_3{_%:&.__

— I |

« f(x)is increasing on [—1,1]

~ f(x) is decreasing on (—o,—1] U [1,00)
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< Concavity

. (concave up ) e Al aie a5 5 Ay e

F"(x) >0

: (concave down) Jiwy Al i a5 5@ Ay e

F(x) < 0

Example 3: Whereis f(x) = §x3 — x2 — 3x + 4 increasing, decreasing,

concave up and concave down ?
Solution

flx)=x%2-2x-3
fl'(x)=2x—2
Al aBling M3l 38 Aagi Y g) e

fl(x)=x*-2x—3=>0
a=1l b=-2, ¢c=-3
24V4+12 2+V16 2+4

12 = 2 2 2
2+4 6
XIZTZEZS
2—4 =2
x2=—2 =7=—1
—+ l — &,-ﬁ—
¢ f

~ f(x) is increasing on (—o,—1] U [3,)

~ f(x) is decreasing on [—1, 3]
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Al g e ANl adi ¢ B an gl LG o

f'"(x)=2x—-2>0
2x > 2
x>1

~ f(x) is concaveupon (1,»)
~ f(x) is concave down on (—x, 1)

x
(1+x2)

Example 4 : Whereis g(x) = is concave up and where is it concave

down?
Solution

1 — x?

g'(x) =T+ 92

. (=2x)(1 +x%)?— (1 —x%)2(1 + x?)(2x)
g"(x) = d+ 7
A+ xA)[(=20)1 +x*) — (1 — x*)(4x)]
B (1 4+ x2)*
2x3 —6x  2x(x?—3)
T(A+x2)3 (1+a2)3
2x(x2=3)>0
2x >0 ->x>0
x2-3>0 - x2>3 - x>+V3

R
5 s N3

~ f(x) is concave up on ( —V/3,0 ) U (\/§ OO)
« f(x) is concave down on (—o,—V3) U (0,V3)

>0
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> Inflection points «daN) ki

Concave

up

: (inflection points) Alall aie & O3GY) Lalas slayy e

X ad dlasy Alslad) Jady |, aall Lo sbust o Allall 2 Aiiall aa 58

Example 7 : Find all points of inflection of F(x) = x/3 + 2
Solution
1
F'(x) = 3 x~2/3

2
F'(x) = -5 x~5/3

=~ The inflection pointis: (0,2)



