
chapter 3 Applications if Differentiation

3.1 Extrema and rational zeros and synthetic division review

? consider the graph ot afunctit f(x)
y peak f(x)

trough

Qi How do we find the . peaks and troughs?
the tangent line has zero slope

Def : Extrema are valves of the function thatare
minimums or maximums

DEF: Let "e" be a number in the Domain of HIx.

? Then f(c) is an absolute maximum valve of fis

i f f(c) = f(x) for all x in De
abs, max. f= e* cos (x)

f ( x )
abs. min for all

f(c) is an absolute minimum of f(x)
/ Domain oT f(x)it f(c) = f(x) I xEDs element of



DEF: f ( c )  i s  a

local maximum of f(x) if f(c) ? f(x)

when x is  near "c"
EX Tocal max

local mat

local minimum *

/f(c) is a local min of f(x) if f(c) ? fox)
when x is near"c"

THm . (EVT)+ The Extreme Value Theorem - (EVT)

I f f(x) is continuous du closed intil

[a, b],
then f(x) attains an absolute max valve,

fo), and and absolute minimum, f(t)
inside or at the boundaries of La,bi

A This thm tells us that there extrema exits

but does not tellus where in of they
ire located. 8



E X

v i v i
abs, max on La, 6]

abs.min on La, b]

abs. max
on (a,b] abs. min on [a, 6]

b

THM - Fermat's Theorem
If f(x) has alocal extrema at x= c and

i f f'(c) exists
Then f'(c) = 0

logic
Babble

? a ?b read "a" inalies "b" is a conditiond

if "a" then "b

?  b ? a  i s  t h e  c o n v e r s e  o f  a  ?  b

? ~b?ra is read as "not "b" implies not 'a"
and is called the contrapositive of a?b

Genrally speaking, a ? b does not work backwards.
EX: If you water the lawn then it will be green. a?b
Ex: If the lawn is green then you watered the lawn. b?g



So i f f '  ( x )  =0  @ x=c  We cannot
guarantee an extrema exists at "c"

Counter example) +(x) = x 3

- f'(ol =0 yet X=O is NOT
an extrema.

even though f'(o) exists.

Whee is f(x) = 3xz -x+1 at it's himum.
wi l l  be  zeo.

c = ?6

f ' (x)  = 6x -  1

5.  0 = 6x -  1
1 = 6x

= x L o c a t i n t  t h e
mihimum

? The value at the minimum is
+(t) = 3(7) - (5) + 1

=  _ 636 66 + 366

3 3 o r " / 2
36

BTW: Als /Pre-Cale we found the symmeting

line for parabolas -bE b-4a, f= ax? +bxro
2

minimumat

f ( x )  wh i ch
o c c u r s  a t

x  =  %



? another counter example
EX Conside 9(x) = 1x). Is 9'(x) = 0

when g(x) i, a minimum ?

graph ys +x - X
x >  0

x  <  0

E X

actually not
T 9  i s  a  m in  here  jus t  a  m in

an absolute
minimum

Def: the values in the Df where f'(x) = 0
where x is a boundan , are called Hu

ritical values of f(x)
b critial points are

the valves of "x "not
the values of f(x)

proceedues fir locating the extrema o f  f ( x )
on [a,  b]
(i) Find all critical valves of f(x)
(il Find all of the valves of f(x) at the rit
(i?) The max value of "f" is the ahs. max

The min vale of "f" - is the abs. mis on
tre in tenuât Ta, b



Find the absolute maximum and minimune of

the function f(x) = x*-x+s on [0, 3]

ci) critica points;
? f(x) = (xXx2-x+1) - (x)(x°-X+I)"

(x* -x+1)"

= (x -x+1) - x (2x -1)

-x  +  1
=

( x '  - x + / )  =  0  m  [ 0 , 3 ] ?

( x °  -  x + 1 )

? examine numerator only x= - (1) = (1) =4(1321)
= -x'+1 2. 1

complex since

5 0 x 2 = 1 E1°-4.1.1 <0
A. No

So x = +1, -  no t  ins ide  in te rva l

( i)  t ind values i f  f(x) at cri t izal points x = 0, 1, 3):
?  f ( o )  = = 0

0 - 0+1

?  f ( 1 )  = = (1 - 1 + 1
3

f (3 )  =
(üi) assess

3' - 3+1

? min  o f  f (x )  on  [0 ,  3 ]  i s

? max of f(x) on

value of (x)
I, catho

1

X  =  0

x =



Determihe all critical potit locations:

R(w )= W°+1
W'- w - 6

R ' ( w )  : d

dw

R' = (w"+Il(w' -w-6) - (w't1) (w -w-6 )
(Wº - w - 6)2

R' = Qw) ( w=w-6) - (w°t1)(2w -1 )

R' = (2w' -2w* - 12w)- [2w - W°+2n - ,]

(

_ 3HE2W)12n-20 F W22w+l
)

R' = -w= - 14w + 1

R '=  - w?+14w -1
(wº -w - 6)"

Denominahor tactors

to (W-3Xw+z) and
has zeosat 3,-2



Set R' =O which means only the numeror
is set to zero.

0 = W'+14w - 1 (w - 1(w ( )

? wont factor so use quadratic formula.
W = - 14 ? N 142-4(1X-1)

2?1
1 4

1 0

1 4 0

=  -  1 4  I V 1 9 6 + 4

2

2

-  1 4  $  5 2 . 1 0 0

5 6

4 0
5 6

196

=  -  1 4  +  5 2  / 0 0

7

- 1 4  +  1 0  5 2

2

W  =  -  7  +  5 5 2

= - 14 + 15.52

(mister ot been 243)

? critical points locations at w=

{- 7 -552 , - 7+5 ?=)



Find the critical points of y= 3x°-4 x*+ x-9

(i) critical points:
y' =0 : Y' = 9x-8x +1
o try tachorig: 0 = 9 x - 8x +1

[-4, 3]

o = (9x - (xx-l) X
- a

? use guadatic: x= x= VES) VE8)*-4(9XI)
2.9

x  =  8  +  5 6 4 - 3 6

18
4 . 7

8  +  ,  2 8

18

8  $  2 5 7

X  =

x  =

x = 4

Interval [-4,3 )

critical points

5 7 = 2 . 7  - i s h

9

= 0.5 $ 6.3

0 . 8

0 . 2
9

3 - 4 3
s t o p

here

9 /



@Synthetic Division Review -

Give a polynonial 2x°-9x*+7x+6=0

if 2 is a tero then when we synthetically
divide 2 into the polynomial we will
have a remainder of zero

2 2 9 7
-  10

6
-  6

2 *5) 10; remainder !
E reduced polynomiat

? So
2x2 - 9x +7x+6 = 0factors to beone

(x-2(2x2-5x -  3)  = 0

? try x= 1 as a root; but now use the reduced
polynamial since we found a rostalready

- 5.

-  1 J2

>-3
- 6i 1 ?  *

- 3

x=+/ is not e.

1 0 *  x=  -  1  i s  no t  a
zero



Review
Factor : 0 = 2x3-9x°+7x+ 6

That if a zero to a polynonnel has a ratitial

zero, that zero is one factor of the constant
tern divided by o factor of the leading coeffient.

2 x 3  -  9 x 2 + 7 x +  6  =  0

1, 2,3, 62, 1

? Tha: + 1, 2, 3, 6

1

,  2
/ / /

2 ,  1

, 1, 3 2, 3, 6]

List all ratinel zero candidatesFom the host
negative to the most positive...

1 - 6, -3, -2, 7 1, ziz: 2, 2,3,69

Next we synthercally divide there int
te polinomial to find zeros... if

any rational number zeros even exist!



Find critical points:
y (x) = -3x3+Z x +6x - 11

? Diff't:ý' =4. x - 3.3x + z.2x+ 6

y' = 2x° - 9x2+ 7x + 6

? Set to zero:= 2x3 9x2 + 7x+6

0  =  x *  ( 2 x - 9 )  +  ( 7 x + 6 )  X

0 = (2x'+7x) - (9x2 - 6)

= x (2x" +7) - 36x°-2) X

Factor by
groupi

fails

? Next use try rational roots.
factors of 6I £ 1, 2, 3, 67

factors of 2 21,27



? We can try all the roots in the list
of ratibral number candidales (prenons example

[ - 6, -3, -2, -22, X, 2, 2,3, 2, 3,69
? we tried x=2 in the previons example and it worked!
? tong x=3 3 2 - 5 -3

6 3
2

(2x - 5x -3) = (x-3)(2x+1)
S

2 x 3  -  9 x  -  7 x  + 6  =  0

(x -2Vx -3 ) (2x+1)  =  0

factors into

x = 2, 3, z h o s


