
Second derivatives - concavity

The second derivative f-
"
Cx) tells us the rate in which

=¥Tfix) changes -

f
"
c) = ¥

,

f'Cx)

So
, if f-

"
Cx) >0 ,

then fkx) is increasing . Equivalently,
the slope of tangent die is increasing as x increases .

if f
"
< 0
,

then the shape of tangent line is decreasing

as x increases '

y
=-I- I

s=x2-11 ¥☒⇒= -a

egg #? ="

graph lies below

y
" c)=3 >0

the tangent lines•⇒p .

concovedoon_



Example ( -90) Uco,a)

consider y= MEconsider y = ¥
,
=x-kz_

for (✗so)
•

•T-T÷,I - •

y= (
4-a)

V2

= -12×-3/2 ya, = §(u→5
"
c-1)

is"cx> = E) a-
x5¥,

y
" D= -12 C- §) x

-512

= - lg (y -✗572= -34×-512 go for
- della>0 <0 for ✗ c-To,4)

so



concavityondinfleetionpo.int?--

point -
inflation

doin

concave up concave down

f-
"
Casso f-

"Gesso

f-GD is concave up on Ea,b] if f-
"
Go > o for del ✗c-

Cab)

fcx) is concave doom on Esb] if f"c⇒ so for
all ✗ c- Cab) .

x=c is an inflection point of fcx) if f
"
cc) = 0 .

The concavity changes at x= c.



trample
Let fee)=x

"-6×3 ¥?
@ Compile the concavity of the function ,
noting any infection points

.

-
,
f-
"
Cx) = 1222 -360C

= 125cGc-3)-n
f-
'
Gc> = 4×3-18×2

f-
"
GD can only change sign

when f"cx)=O
.

so
,
12×(2-3)=0 ⇒ €0

or 2=-3 .

Divide x-axis at these points :

intervals C-00,0) 0 Co , 3) 3 ( 3,2 )

f-
"
Gc) +ve O -ne 0 +ve

concavity up doom up



Exampkantd.NO#.fcxs-.---x4-GxU ⇒ x- intercept = 0,6

g-
intercept = O

f
'
Gc) = Us? -18×2 ⇒ ✗ = 0,912

are
critical points .

critical points .

3

inflection
points.

Concave up
down up



Examine
consider fcx) = x e-

¥12

ftx-e-H2-xc-z.ge?Y2--C1-x2)e-#2
f-
"
tx) = - xe→% - 2✗e-

Its
- (-2×12) e-Ñ2 = (x3_3x)É%

-
I'm f- = 0 ( horizontal asymptote)Note:
✗→to

Find all inflation points to find intervals
where faction is

convex up
and convex down.

convex up
= concave

down

convex doom = connate up
.

Convexity/concavity : Inflation points are :

f"Ge)=o ⇒ ⇐- 3x) e-£42 __ 0 ⇒ x⇒,
1=53
-

f-
"
C-to) = (flop- 3C-10)) e-100/2<0 , f- C- 1) so , . .

. .



interval (-9-05)-53 C-53,03 0 (0,53) 53 cos, a)

f-"Gc) -ve 0 +ve o -ve o +ve

concavity down up down up .

Tntervalofinereaseldecreasei f-
'
Cx)=0

⇒ a- x2) e→%=o⇒x= -1,1

M¥: f'c-27=(1-22) e-2<0 , f '(07--150 , f-
'
(2) <0

~

interval C-so
,
-1) -1 Ct

, 1) 1 Clio)

flex) - ve 0 the 0 - ve

fcx) decreasing increasing decreasing.



Where is fex) posits're/negative ?

Sign fcx) can change at e- interests.

f-Cx)=0 ⇒ x e-
x72=o ⇒ 2=0

fcx)

i.
T.in⇒

-
.

:

decreasing decreasing



Second deivatie test .

Let y
- fcx) be a function and suppose x⇐

is

a critical point - (f-
'

(a) = 0) .
The second doivatie

test says :

• If f-
"

(a) SO ,
then x=a is a local

min

• If f-
"

(a) so , than ✗ = a is a
local Max.

• If f-
"(a) =D , than test is

inconclusive .

ESE f-Gc>=x3, I-0 is a critical point and f-
"
CD-0 .

Is- for)= of-12×2-15se . what does 2nd desivatiu test

say about criticalpoint ✗=-3 .

f-
'

(2) = 3×2+4×-15 , f- "Cx) _- Gx -14 , f
"
C-3) SO




