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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




e

Chpt 4: Applications of differentiation
Lesson 4.4: Increasing and Decreasing

Functions

TFhe general idea:

Salary

Time

7. -

Increasing function Decreasing function

THEOREM 41
Suppose that f is differentiable on an interval I.

(i) Iff'(x) > 0 forall x €I, then f is increasing on I.
(i) If f’(x) < O for all x € I, then f is decreasing on I.

Jfincreasing
(tangent lines have
positive slope)

f decreasing— "
(tangent lines have
negative slope)
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THEOREM 4.2 (First Derivative Test)

Suppose that f is continuous on the interval [a, b] and ¢ € (a4, b) is a critical

number.

(i) Iff'(x) > 0 forallx € (a,¢) and f’(x) < 0 for all x € (¢, b) (i.e., f changes

from increasing to decreasing at c), then f(c) is a local maximum.

(i) If f'(x) < 0 for all x € (a,¢) and f’(x) > 0 for all x € (¢, b) (i.e., f changes

from decreasing to increasing at c), then f(c) is a local minimum.

(iii) If f’(x) has the same sign on (g, ¢) and (c, b), then f(c) is not a local extremum.

(i) Iff'(x) >0forallx € (g c) and f'(x) < 0 for all x € (¢, ) (i.e., f changes
from increasing to decreasing at c), then f(c) is a local maximum.

S@) >0 S'@) <0
JSincreasing Jf decreasing

C

(i) If f'(x) < O forallx € (4,c) and f'(x) > 0 for all x € (¢, b) (i.e., f changes
from decreasing to increasing at c), then f(c) is a local minimum.

Local maximum
[f'(d) is undefined]
Local maximum

L) = 0]

F@)<0 f@) >0
Jfdecreasing Jfincreasing
Local minimum

[fa) = 0]

Local minimum
[f'(c) is undefined]

(iii) If f'(x) has the same sign on (a, ¢) and (c, b), then f(c) is nof a local extremum.
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LET'S APPLY WHAT WE'VE LEARNED )

FIND THE INTERVALS WHERE THE FUNCTION IS INCREASING AND DECREASING AND DETERMINE THE LOCAL EXTREMA:

y=x>—3x+2

step 1: Determine the domain of the function.

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

step 2: Find the derivative of the original function.

2
f'(x)=3x-3
step 3: equate the resulting function to O and find the value of x.
f(x)=0 ---> 3x>-3=0 o e e ~
TN ST / 1.Draw a number line and locate both values of x you found.*
'\Z(_l yi ?Ez_ ) : 2.take numbers close to both values :
| 3.substitute the numbers you took in the f/(x) function. E
l\\4.write the sign you got above each number separately. J
Y e s
-0 € >+ co
=-1 x=1

Then, you can see that the function is increasing between the intervals: (-o0,-1) (1,)

and decreasing between the interval: (-1,1)

Now we have finished finding the intervals...
LET’S DETERMINE THE LOCAL MAX. AND MIN :)

We can see that we have a local maximum at x=1
substitute 1 in the original function to find the y coordinate ---> =1)° — 30+ 2

local max. at (1,0)
then, we have also a local minimum at x=-1

substitute -1 in the original function to find the y coordinate -—->|} =(—1)3 — 3(-]')|- 2
| ] min. at (-1,4
Summary of' the' steps:: ocal min. at (-1,4)

step 1: Determine the domain of the function.

step 2: Find the derivative of the original function.

step 3: equate the resulting function to O and find the value of x.

step 4: Find the intervals where the function is increasing and decreasing by
using a number line.

step 5: Find both local max. and min. by substituting x values in the original

function
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CHECK YOUR UNDERSTANDING 1w

FIND THE INTERVALS WHERE THE FUNCTION IS INCREASING AND DECREASING AND DETERMINE THE LOCAL EXTREMA:

step 1: Determine the domain of the function.

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

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

step 3: equate the resulting function to O and find the value of x.

f(x)=0 --->  4x*-16x =0 e m e e sss e emee—e—————————— ~
ITTIN STTRN / 1.Draw a number line and locate both values of x you found."
'\z{=' = ,'J'\z{=0 5 { 2.take numbers close to both values i
- - i 3.substitute the numbers you took in the f/(x) function. E
\\:l.write the sign you got above each number separately. P p
-0 € >+ oo

x=-3 x=0

Then, you can see that the function is increasing between the intervals: (-3,)

and decreasing between the interval: (-o,-3)

Now we have finished finding the intervals...
LET’S DETERMINE THE LOCAL MAX. AND MIN :)

We can see that we don’t have any local maximum..

here, we have only a local minimum at x=-3

substitute -3 in the original function to find the y coordinate ---> |/}es xt—8x2+1
local min. at (-3,10)

wy)
s
-

o

Ly rrrrrrr r e r r rrrr r Yy rrrrrrrr rr rrrr rr r rrrrr 8 r r rr r Fr §

r
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|



oo oo T mmEEmmmEmmmmmm—m—m—— e mmmmmmmmmmmmmm—m——_———— T

step 1: Determine the domain of the function.

Here, after we equate the denominator to zero, we see that the value of x cannot
be 2, so the domain of the function will be (-»,2) (2,)

step 2: Find the derivative of the original function by using quotient rule X | X+2

£(x)= 2x(x+2) - x*(1) _ 2x’+4x - x> x*+4x 9% 1
= 2 = 2 - 2
(x+2) (x+2) (x+2)
step 3: equate the resulting function to O and find the value of x.
2
f(x)=0 ---> x+4=0 P N
ITTEN TN 1.Draw a number line and locate both values of x you found. %
'\~X=O,' '\z{=_4,' | 2.take numbers close to both values :
- —— - — 1 . . . . 1
f/(X) is not defined at x=-2 I 3.substitute the numbers you took in the f/(x) function. !
\ 4.write the sign you got above each number separately. A
\h_. _________________________________ s
—00 € >+ 0o

x=-4 xX=-2 x=0

Then, you can see that the function is increasing between the intervals: (-o,-4) (0,)

and decreasing between the interval: (-4,-2) (-2,0)

Now we have finished finding the intervals...
LET’S DETERMINE THE LOCAL MAX. AND MIN :)

We can see that we have a local maximum at x=-4 x2
substitute -4 in the original function to find the y coordinate ---> f (_4) T x42
local max. at (-4,-2)

then, we have also a local minimum at x=0 ( ) x2
0) =

substitute O in the original function to find the y coordinate ---> f x+2
local min. at (0,0)

By: Fa

- ——
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Hope you understand!
ez Lo as paleg ndomd Lo aice 3,55 pell

Done with lesson 4.4..
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