






























Second Derivative Test for Concavity

Curve Sketching

Idea Whereas the derivative of f tells us

if f is increasing or decreasing the
second derivative will tell us which way
the graph of f is inflecting

E Consider the function turning
tangent towards

is belowII

belly
X E f



Def If the graph of f lies above all

cu its tangent lines on an interval I
we say f is concave upwards on I

If the graph of f lies below all
CD its tangent lines on an interval I

we say f is concave downwards on I

Ey Concave

ten

f is concave up if f is increasing
it f O

f is concave down it f is decreasing

it f co



Second Derivative Test for Concavity

Let y fix be twice differentiable on I

If f in O on I f is concave up on I

If f Nico on I f is concave down on I

Def A point of inflection is a point le flu

where f has a tangent line where the

concavity changes f f pos f neg
f neg f pos

At a POI either

f re O or f re Does Not Exist

Ex Let fix X 3 113 Find the intervals
where f is

increasing decreasing concave

up concave down the inflection points

Af First f x 1 315
2 3

1 I
X

x2 3

Critical Point i fix O when X 0



x2 3 1 x 1
2 3 3 11 12 5 X I

x t 1 I

fix Dre when x2 3 0 X o x o

e Critical Points are X 1,0 I

1 0 1 X I f 1,01 0 10,1 1,0

flex X

yes
t t t

s y y r

e f is increasing on I 0 1 V11.0

decreasing on f 1,1
with local mix x 1 local min x 1

Now f x 1 Irs f 31 513 2

3 5 3

Inflection Pts f x 0

i f x Dng when 3 5 3 0 4 0

Inflection Point is lo fro 0,0

Concavity
I 901 O 10.01 f i

f
U on 10,8

CD CU CD on f 0,0



Curve Sketching

Idea Put everything we've learned so far

together to plot a function w o calculators

Steps to Sketch a Curve

Find domain exclude values where f DNE

Find y intercepts set x o solve for y

Find X intercepts set y o I solve for x

Find H A I take fig fix find where

Find V A I look where f is affecting

Calculate f I find critical points

Determine intervals where f is inc dec

Compute f Find intervals where f
is CU CD i find inflection points
Determine local maxs mins using First DerTest

Sketch graph by first labelling all critical



points from f É f X int y int
local maxs mins I inflection points Then
use inc dec concavity

Ex Graph y x Gx't 9x

Af Dom x't 6 2 9 x exists everywhere

C o o

Intercept y o x't 6 2 91 1 2
6 9

x 1 311 3

X O 3

Intercept ye 1013 6105 9107 0

7 0

HI lim x 6 2
tax 0

x a

lim
x o

X t 6 2 9y o

No H A



LA Y y't 6 2 9x exists everywhere

No V A

I y 3
2

12 9 31 2
4 3

kPy i y 0 31 2 4 3

3 1 311 1

x 3 I

Y exists everywhere so

the above are our only Ps

3 1

Y 31 311 1 t t
u r

f is increasing on f o 3 v f 1,0

decreasing on 1 3 1

local mix X 3

local min y

l 3 fr 31

1 fr i



I y 312 41 3.21 2

61 2


