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12.2 Second Derivative and Concavity

Higher Derivatives of y = f (x)
 
prime notation
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notation
The first derivative of  f:  


f '(x)

The second derivative of  f:  


f ''(x)

Note: The second derivative gives the rate of the rate of change of the original function.

Ex:  Find the second derivative of each of the following.

a) 
[image: image2.wmf]2

6

9

4

5

2

)

(

2

3

5

-

-

+

-

=

x

x

x

x

x

f





b) 
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Let 
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 be a position function of an object. Then
Velocity = 
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Acceleration = 
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Ex: Suppose that an object is moving along a straight line, with its position in feet at time t in 

       seconds given by 
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a) Find the velocity and the acceleration at any time.

b) When does the object stop?

Ex For the following graph of 
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, find the intervals for which 
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is concave up or 

      concave down


Test for Concavity: If 
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 is differentiable on the interval (a, b). Then the graph of 
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1) concave down on the interval (a, b) if  
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2) concave up on the interval (a, b) if  
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   on (a, b)

Def: If 
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 changes the sign at x = c, then the point 
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 is called an inflection  point. 
         At x = c, 
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 changes the concavity.
How to determine concavity and locate inflection points:

Step 0: Find the second derivative of  f.
Step1. find all values of x where  f ′′ (x) = 0 or f ′′ (x) = undefined.
Step 2: place these values obtained in Step 1 on the number line and make a sign chart for f ′′ (x).

Step 3: find the interval for which f ′′ (x) > 0 and f ′′ (x) < 0.

Step 4: Conclude where the function is concave up and concave down according to Step 3, and 

             inflection point.
Ex: Determine where function is increasing, decreasing, and where its graph is concave up and concave down. Find all relative extrema and points of inflection. Sketch the graph.

a) 
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b) 
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For the following graph of y = f (x),
a) find the all critical numbers; classify these

    values as f ’(x) = 0 or f ’(x) = undefined

b) find the interval for which  f  is increasing 

c) find the interval for which  f  is decreasing 

d) find the interval for which the graph of  f  is

    concave up

e) find the interval for which the graph of  f  is

    concave down

f) find all inflection points

The Second Derivative Test for Relative Extrema: Suppose 
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1) If 
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2) If 
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3) If 
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 is not defined, the test is inconclusive, and f  may still have a 

     relative minimum or a relative maximum. Use the fist derivative test.



Ex: Use the second derivative test to find relative extrema of 
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