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SomerRulesizom ke mmilsYou
ShiouldF K ow::

Chain Rule Power Rule
d
—fg@) =f(g(0) 9@

Quotient Rule

_f0)g&x) — f(x)g'(x)

Product Rule
d
dx [f()g)] =f'(x)gx)+ f(x)g'(x)

Function
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Chpt 4: Applications of differentiation
Lesson 4.5: Concavity and the Second

Derivative Test

DEFINITION 5.1
For a function f that is differentiable on an interval I, the graph of f is

(i) concave up on [ if f’ is increasing on I.
(ii) concave down on [ if f’ is decreasing on I.

THEOREM 5.1

Suppose that f”’ exists on an interval I.

(i) If f”(x) > 0 on I, then the graph of f is concave up on I.
(i) If f”(x) < 0 on I, then the graph of f is concave down on .

ww f(X) — AR original function

/4 —
f (X) — eeeee first derivative

/7 -
f (X) — ¢« e o o« second derivative

(i) concave up on I if f’ is increasing on I.

(i) Iff”(x) > 0 on I, then the graph of f is concave up on I.

In general, if the second derivative is positive, this means » |
that the first derivative is increasing, and the original p ;

function is concave up. FIGURE 4.54a

Concave up, increasing

(ii) concave down on I if f’ is decreasing on I.

"(x) < 0 on I, then the graph of f is concave down on I.

here if the second derivative is negative, this means
that the first derivative is decreasing, and the

a b

FIGURE 454b original function is concave down.

Concave down, increasing
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DEFINITION 5.2

Suppose that f is continuous on the interval (g, b) and that the graph changes
concavity at a point ¢ € (g, b) (i.e., the graph is concave down on one side of c and
concave up on the other). Then, the point (¢, f(c)) is called an inflection point of f.

**An inflection point is a point on a curve where the curve changes
direction from being concave up to concave down, or vice versa. At an
inflection point, the curve does not have a local maximum or minimum, but
it changes its curvature.
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LET'S APPLY WHAT WE'VE LEARNED )

DETERMINE THE INTERVALS WHERE THE GRAPH OF THE GIVEN FUNCTION IS CONCAVE UP AND

CONCAVE DOWN, AND IDENTIFY INFLECTION POINTS.f(x) = x* — 6x? 4+2x+3

step 1: Determine the domain of the function.
since it’s a polynomial function in this qn the domain will be (-c0,c0)

step 2: Find the first derivative of the original function.
f(x)= 45 - 12x + 2

step 3: Find the second derivative of the original function.
f(x)=12x’- 12

step 4: equate the second derivative function to O and find the value of x.
£(x)=0 ---> 12% - 12 =0 S P >

1.Draw a number line and locate both values of x you found.

—— ———

£ 1 ’_ S
\2{_—_11, b{—_l)

L d - ——

2.take numbers close to both values
3.substitute the numbers you took in the f*(x) function.

————

Y
1
|
|
|
1

7

\ 4.write the sign you got above each number separately.

_______________________________________

-0 € P+00  —— {(x) sign
=-1 x=1

f(x) is concave up between the intervals (-o,-1) (2,)
f(x) is concave down between the interval (-1,1)

step 5: Identify inflection points
*substitute the value on the number line where the sign changes in the original function.

fE) =x*—6x> +2x+3 (-1,-4)
(1) =x* —6x* +2x + 3 (1,0)

Summary of the steps::

step 1: Determine the domain of the function.

step 2: Find the first derivative of the original function.

step 3: Find the second derivative.

step 4: equate the resulting function to 0 and find the value of x.

step 5: Find the intervals where the function is increasing and decreasing by
using a number line.

step 6: Identify inflection points by substituting the values on the number line

where the sign changes in the original function.

L8 B B B _§ B B _§B B _§N ;B § _§ N B N N § _§ B _§N _§ § §B _§ N §B § N ;B § _§N _§N N N _§ §N §N N _§B _§ _§N N N _§ N _§N N N N _§ 8 _§N _§N N _§N _§ N N _§N _§ N _§N _§N _§N |
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CHECK YOUR UNDERSTANDING 1w

DETERMINE THE INTERVALS WHERE THE GRAPH OF THE GIVEN FUNCTION IS CONCAVE UP AND

CONCAVE DOWN, AND IDENTIFY INFLECTION POINTS. f(x) = x4

step 1: Determine the domain of the function.

since it’s a polynomial function in this qn the domain will be (-c0,o0)

step 2: Find the first derivative of the original function.
f(x)= 4x°

step 3: Find the second derivative of the original function.
f(x)= 12x°

step 4: equate the second derivative function to O and find the value of x.
£(x)=0 ---> 12x° =0

o

o S N -~

/1. Draw a number line and locate both values of x you found.

AN
\\X—_O,'

i \\i
{ 2.take numbers close to O 1
I
| 3.substitute the numbers you took in the f“(x) function. !

/

1
\_4.write the sign you got above each number separately.

-0 ¢ »+00  — f(x) sign
x=0
(_°°)0) '\0v°°)

this is wrong because
f(x) is defined at x=0

f(x) is concave up between the intervals (-0, )

step 5: Identify inflection points
*substitute the value on the number line where the sign changes in the original function.

No inflection points.. Because there is no sign change..
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OTHER IDEA

=X+ —
x#% 0X

DETERMINE THE INTERVALS WHERE THE GRAPH OF THE GIVEN FUNCTION IS f(x) 25

CONCAVE UP AND CONCAVE DOWN, AND IDENTIFY INFLECTION POINTS.

step 1: Determine the domain of the function.
since x# 0, the domain will be (-»,0) (0 ,)

step 2: Find the first derivative of the original function.

fx)=1- 23

step 3: Find the second derivative of the original function.

()= 23
X

step 4: equate the second derivative function to O and find the value of x.

@)= 22 | #(x)% 0
- f“(x) is undefined at x=0 oo . o
/ 1.Draw a number line and locate both values of x you found.®,
| 2.take numbers close to O i
i 3.substitute the numbers you took in the f*(x) function. E
\\:l.write the sign you got above each number separately. - A
X - »+00  — f'(x)sign

x=0

f(x) is concave up between the intervals (0,~)
f(x) is concave down between the interval (-,0)

step 5: Identify inflection points

*substitute the value on the number line where the sign changes in the original function.
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THEOREM 5.2 (Second Derivative Test)

Suppose that f” is continuous on the interval (g, b) and f’(c) = 0, for some
number ¢ € (g, b).

(i) Iff"(c) < 0, then f(c) is a local maximum.
(i) Iff”(c) > 0, then f(c) is a local minimum.

LAST QN

Use the Second Derivative Test to ﬁnd the local extrema of f(x) = x* — 8x% + 10.

step 1: Determine the domain of the function.

since it’s a polynomial function in this qn the domain will be (-0,)

step 2: Find the first derivative of the original function.
f'(x)= 4x° - 16x

step 3: Find the second derivative of the original function.
£(x)= 12x" - 16

step 4: equate the first derivative function to O and find the value of x.
f(x)=0 ---> 4x'- 16X =0

—— v

______________

step 5: Find both local maximum and local minimum.
*substitute the critical numbers you found in the SECOND DERIVATIVE FUNCTION

£7(0)= 12X2 -16 = -16 ---> local maximum
£(2)= 12x2-16 = 32 ---> local minimum

f”(—2)= 12X2 -16 = 32 --->local minimum

(0) =x* —8x*>+10 (0,10)
(2) = x* —8x% + 10 (2,-6)
() = x* —8x% +10 (-2,-6)
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Hope you understand!
ez Lo as paleg ndomd Lo aice 3,55 pell

Done with lesson 4.5..
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