Section 4.3 How derivatives affect the shape of a graph
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Learning outcomes

After completing this section, you will inshaAllah be able to

1. find increasing or decreasing intervals of a given function

2. use first derivative test to find relative extreme points

3. explain what is meant by concave up and concave down curves
4. explain what is a point of inflection

5. find intervals where a function is concave up or down

6. find points of inflection

7. use second derivative test to determine relative maxima or relative minima

of f(x) at points where f'(x)=0

8. see how above concepts affect the shape of a graph
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Recall from Section 4.1

The concept of increasing or decreasing intervals of function.

The concept of local extreme points and their relation to increasing/decreasing

intervals of a function.
The details about critical values

= Given a function f(x)

The values of x where " These are the

f'=0 or f' undefined / function may change from

= These are

= Relative extrema can only occur at

are called Mg RYEIIES <
of f(x)

these points

RN AWEIMust check further

With the above ideas clear,
we next proceed to calculations and concepts

involved in this section
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How to find increasing or decreasing intervals of f(x)

e Given a function f(x).

e To find intervals where it is increasing or decreasing.

/q get points where f(x) may change

i Soive 7'(x) =0 or undefined R from decreasing to increasing or
-cheasing to decreasing.
2) Use these points to
subintervals}
3) TRl n cach subinterval =" Use PXTTIE
and . o See examples for more details.

\

Criteria for conclusion

e f'>0 = f increasing

e f'<0 = f decreasing

See examples 1, 2 done in class
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How to find local extreme points?

= Recall from Section 4.1

Relative RO CR R U R eulincreasing to decreasing

Relative TR AR Rt uldecreasing to increasing

First derivative test for relative extrema of f(x)

= [ERCEURIRIEIREINEN X using | f"=0 or f’ undefined
1 [ changes sign fiom posiive o negaive + = 1
By <o maximur

I ' changes sign from negative to positivefEis @il

f has EEUNEnIlnln at x,

f changes from

increasing to decreasing

f changes from

decreasing to increasing

See examples 3, 4, 5, 6 done in class
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Meaning of concave up, concave down

= Given a function f(x).

Concave up on |
f’increasing i.e. LSRR

tangent line

below graph

Concave down on | tangent line

f'decreasing i.e.

above graph

Point of inflection

= point where concavity changes €.g.

= j.e. point where f’changes from increasing

to decreasing or decreasing to increasing

I N:-M0oint where f”changes sign

) -

This, can only happen at points  where

f"=0or f” undefined|. But it is not necessary. See class

explanation
e So we must make table to check whether or not

f " changes sign at these points

See example 7, 8 done in class




43,

How to find concavity intervals & points of inflection of f(x)

e Given a function f(x).

e To find concavity intervals & points of inflection.

B . .
MSolve f"(x)=0 or undefined ||m— These are possible points of
inflection.

2) Use these points to [o]gtUeele]ggUaNIgle)
subintervals

S)MCheck the sign of " [[gi:Eleg subinterval</.Use test points

Ellellmake conclusiong e See examples for more details.
A

/riteria for conclusion \

e f">0 = f concaveup
e f"<0 > f concave down

e Points where f" changes sign are point

of inflection

— _

See examples 9, 10, 11, 12, 13 done in class
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Second derivative test

= Given a function f(x).
= And we have found critical values satisfying f'(x) =0.

= Then we can use second derivative test to find relative extrema.

_ 2 Note we can not use it for
I Used to find relative extrema

critical values obtained from
f'(x) = undefined

CIONly at critical values obtained from f'(x)=0

Second derivative test

Suppose X, is a critical value obtained from f'(x)=0.

S ' (x;) < OuIIRERE relative maximumfEisee
S ' (x;) > O[uCIIREERErelative minimumELS
S ' (x,) = O[ulSiRuMtest is inconclusivel

See class

explanation

See examples 14, 15, 16 done in class

End of 4.3



