
Lesson 18 : concavity and inflection points ; Second derivative test
.

Connectivity
a function is concave up an Ca

,
b) if µf- " Ix ) > 0 on la

>
b)

A function is concave down on (a. b) if
f- " (a) < 0 on Ca

,
b)

Inflection points

x=c is an inflection point of fix> if
the concavity of switches at x=c

.

How to find inflection points
1) find all points such that f- " 1×3=0 or DNE

.

2) determine if the concavity switches near

the points found in ID
.

Examples find the inflection points

① y=
1×2-11×+32 ) e

"

y
'
= (2×-11) e " t (25-11×+32) e

"

=

e
"

( x2 _ 9×+21 )

y
"
= e

"

( x2 _ 9×+21) + e
" ( Zac - 9)

= e'' ( x2 - 7×+12 )



y
"
= 0 or

y
" DNE

never happens

e
"

( x2 _ 7×+12 ) = 0

✗2- 7×+12 = 0

( x - 3) (x - 4) = 0

x = 3
,
4

Concave up 1-is
, 3)

+ +
i
- - + + and I 4 , is )f " U i n u

concave down on

#I x-axis0 3 4 5
13

,
4)

.

f-
"

(o ) = e° ( 02 -710 ) +12 ) = 12

f-
"

(Ya ) = e
" /¥5 - 7. ? +12 ) =

= e
" / ¥ - " + ¥ )

= e
" l

-
'

ly ) negative !

f " /5) = es (52-715) -112 )

= e5 ( 25 - 35 + 12 )

= Let

3 and 4 are inflection points .



Second derivative test

Suppose x=c is a critical point of fix> .
↳ 1) If f

"

/ c) SO , then x=c is relative min .

A 2) If f- " (c) < 0 ,
then x=c is relative Max .

Examples

② y= 5+6×-8×3 find relative extrema

y
'
= 6 - 24×2

y
'
= 0 or y

' DNE never happens

6- 24×2=0

24×2 = 6

22 =

'

/4

x
= ± Fly = ± 'z critical points

y
"
= -48 a

✗ = - ± y
"
l -E) = -481 -E) = 24

Second der
.
test ⇒ ✗ = -{ is rel. min

✗ = ± y
" l E) = -48 (E) = -24
Second derivative test ⇒ ✗ = ≤ is rel . Max .



Lesson 18 : Concavity and inflation points 's Second derivative test
.

Concavity
a function is concave up on (aib) if ^µµf " ( x ) > 0 on (a. b) ◦

A function is concave down on la
,
b) if

f " (x ) < 0 on (a. b)
◦

"]L

Inflection point
x=c is an inflection point of fix > if
the concavity switches at c.

How to find inflection points
1) find all points such that f-

"

(x ) = o or DNE

2) determine if the concavity switches near the

points in 11 )
.
( f" switches sign )

Examples

① y
= (x2 -11×+32) e

"

find inflection points .

y
/
= (2×-11) e

"
+ ( x2 _ 11×+32 ) e

"

= e
"

( x2 -9×+21)

J
"

= e
"

( x2 -9×+21 ) + e
"

( 2x - 9)

= e
" ( x2 -7×+12)



y "=0
or y

"

PNE never happens

e
"

(22-7×+12)=0

x2 - 7×+12 = 0

( x - 4) Lx - 3) = 0
3,4 inflection points

✗ =3
,

4

Concave up : C- is
,
3)
,
(4, co)

f
"
* + - - + +

U N U concave down : 13,4)

É
0 3 3.5 4 5

f- "(o ) = e°( o - 4) ( o - 3) = 12

f
"

/ 3.5) = e'
←

(3.5-4713.5-3)

= e. 3.51 - 0.5) ( 0.5 )

= - 0.25 e
3.5

f- "(5) = et /5- 4) I 5- 3)
= 2e5



Second derivative test

Suppose x=c is a critical point of fix > •

↳ 1) Df f
"

l c) > 0
,
then x=c is a relative min

.

A2) If f-
"

(c) < 0
,
then x=c is a relative Max.

② y
= 5+6×-8×3 find relative extrema

y
'
= 6- 24×2

① = 6- 24×2

✗ = ± 42 ← Critical points

y
"
= - 482C

y
" (-1-2)=24 y

"

l +E) = - 24

- { is rel . min + { is rel . Max
.


