
 Section 4.4 Concavity and Curve Sketching

Learning Goals



What does the second derivative tell us
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f is CONCAVE UP f is CONCAVE DOWN

f is increasing f is decreasing

f 0 f co

Graphabove tangent lines Graph below tangent lines

Bends up Bends down

An inflection point is a point c flat on the graph where

f has a tangent line i.e f c exists

the concavity changes i.e f changes sign

a Y onY
concaveup conjaveup L

in t.in iiton
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Second Derivative Test we can use the second derivative

to classify critical points c where f c 0

If f c O f has a

local min at c 14441

ay 14ft11

If f c O f has a

local max at c

If f c 0 SDT inconclusive use FDT

f c 0 does not mean there is no local extremum

at C

Examples 1 For fix 3 5 5 4 lox 3 find the intervals
where f is concave up concave down and the inflection

points of f

f x 3 5 5 4 10 3

f x1 15 4 20 3 10

f x 60 3 60 2 6026 1

shapeof f ye
sign of f O O

So f is concave up on C 0,1
concave down on I s

1 f i 1,5 is a point of inflection



2 Find and classify the critical points of f x xe

and g x sin xl cos x on 0

For f f x e xe 2 e 2 1 critical point

SDT f x e 2 2 1 e 2

28 2 2

f f de 1 2 20 0

So f has a local min at

For g g x Cos x sin x

g x 0 when cos x sink this happens when

in 0

SDT f x sin x cos x

f E sin E cos E E E Eco

So f has a local max at

3 Sketch the graph of f x 3 2 1

End behavior fing fix o Lif f x is

Vertical asymptotes none

Info from f f x 3 2 6 3 6 2

shape off xp
increasing on 0,2

decreasing on

sign of f o t o

local min at x o
local max at 2



Info from f f x 6 6 66 1
Concave up on 0,1

shape off I concave down on 1,0
sign of f t

inflection point at 1

Recap
0 I 2 0

fix 0 I 3 5 is

a

inc

one

localmin

2 1 I 2 s

4 Sketch the graph of f x using

f x f x 26 32,4 1,3277

End behavior fins It fine f Is

So y o is a horizontal asymptote of f



Vertical asymptotes O gives

6 gives

Info from f
shape off 1,1 if
signof f DNE DNE

Info from f
shape off if if
signof f DNE DNE

Recap 3 6 a

fix 0 VA 0 VA 0

inc
s s

cone N U N N

s 9 0

7

0 x 6



5 Suppose f is continuous on C 0,0 Below is the

graph of the derivative of f y f x

ry

y f x

V

Find the following critical points of f intervals of increase
and decrease of f location of local extrema intervals

where f is concave up down location of inflection points

Critical points of f 2,417,9 If 0

3 If DNE

f increasing o 2 4,9 If 0

f decreasing 2,4 9,0 f o

Local max at 2,9 If't te

Local min at 4 If to

f concave up on o I 3,5 7,8 f
f concave down on 1,3 5,7 8,0 f



Practice sketch the graph of the following functions

1 f x 4 4 3 1

2 fix cos 2x on e I

1 fix 4 4 3 1

End behavior king fixt a If fla
No VAS

Info from f f x 4 3 12 2 4 2 3

shape off xp
s xp leg 3in at

signof f o t o t

Info from f f x 12 7 244 12 1 2

shape off
signof f t t

Recap
0 3 2 0 0

fix to 28 17 I co

ine
s

cone A
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2 f x cos 2x on it

Info from f f x 25in 2x 1

shape off p
7 2 up

min at

sign off o t o 1 f
at

Info from f f x 46s 2x

shape off 74 3,74 p
signof f o t o

Recap 2 IF I

fix I E EFI 3 te

inc

one I
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