
using Derivatives to Determine the
Shapes of cures

I what does f' say about f?
? IF f'(x) >0 thenf is increasin

If f'(x) to then f is decreasily
18'20,

£ < 0

The derivative Testr
suppose "c" "  i s  a  c r i t i ca l  va lue .  7
i e .  f ' ( r ) = 0 on f'(e) is undefined or

f ' ( C )  D N E .

cal  I f  f '  changes s ign fom (+)  lo ( - ) ,  ther
(+)f  ( c )  i s  a  l o c a l  m a x

(b) If f '  changes from (-) to (t) the
localmax

f ( c )  i s  a  l o c a m I L local
m in

( c )  I f  t '  a r o u n d  " ' "  d o e s  n o t
(-

change sign if has thehas the local
max  o r  m in

( + )

(+)

3.3



sketch f(x) =3x"-4x3-1279+5
X 4  " W "  t h .max 4o r  t h e o r  t o o

"Ever" so we come fom questint IDland leare
in quadrant El since dy on AuX"ra,X...
is positive

?

9 4 > 0
? Derivative Test:

f ' ( x )  + 1 2 4 3 - 1 2 4 2 - 2 4 2

= 1 2 x ( × 2 - x - 2 )

f ' x  1 2 x  ( x - 2 ) ( x + 1 ) 7

?  s i g n  a n a l y s i sanalysis) Evia # Lines or Test Ponts Y

Individuad + ++++ + +X
X x - 2

x+1pridet < +  + 9 + + + +

- 3 = 2

X  ( x - 2 ) ( x + 1 ) +++

+ 7 + 7
?

+ + ,

2 3

+ + + +

3

m i n

EX



3 )

? helper points: pick x<-1, like-zsay
+(-2): 36-21"-46-21-126-21°+5

+ 4 8 + 3 2 + 2 4 + 5 = 1 0 9
1098 max

m i n min/

- 3  -  2  - 1 3

? more hefer  points @ cr i t ica l  values:
f ( 1 ) = 3 1 - 1 8 - 4 6 - 1 3 - 1 2 6 - 1 ' + s

= 3 + 4 - 1 2 + 5 = 0
+ ( 0 ) 3 ( 0 1 4 - 4 6 0 3 - 1 2 6 0 + 5 = 5
+ ( 2 )  3 ( 2 1 9 - 4 1 2 )  ' - 1 2 ( 2 ) ' + 5 =

= 4 8 - 3 2 - 2 4 + 5 = - 3
? sketch

local max
(0,5)

local min
(-1, 0)

absolute min
(2,-3)

Find zeros

EX (cont.)



? "Findng Zeros": my math mantra. com ? Diff Ega Rese 1 4
W e  k n o w  x = - l  i s  a z e r o .

4 3
3 - 4 - 1 2 ó  5

5 - 5
3 7 5

+ 3 4 4 - 4 × 3 - 1 2 4 2 + 5  = ( 3 x 3 7 x = 5 x + 5 ) ( x )

3 - 7 - 5 5
- 3  1 0 - 5

3  -  1 0  5  0

8  4 5 = 1 , 5 ,  5 ' 3
- 5 - 5 1 5 3 1 5 5 , 5

(ox use factoring (ORQuad farmula
3x*- 10x+5 Prime"

^
1,3 1,5

650 Quad Formula: - (-10) $-  ( - 1 0 )  # 1 - 1 0 * - 4 ( 3 K 5 )
2 ( 3 )

=  1 0 ÷ 100-60
6

5 + 5 9 , 5 - 5 0

test  each

EX (cont.)



? Final  Sketch

1(0,5)

4 1

3

(2,-3)

EX (cont.)



I I I

D e f !

The second derivative, f", and shape ot s

a cume has a concave upwwad
portion when the curse cups" upward

concave
Up

L e t i  a  c u r v e  h a s  a
p o r t i n  w h e n  i t

concave down
'cups" down

concave
d o w n CC

O f f i t i

T S U  0 0 . 9 4

0 5 3 1 0 7

C.C.
u p
1.

C. C
u p

C . c .
d o w

Def i

C.  C:
d o w r

? .  ? .
d o w n

Inflection points
f(x) changes concavity@I.P.

down

c.c.Up



The Second derivative test
suppose f'" is continnous at XEC

a) Ifi f'(c) =0 and f'(e) >o there
"'" is a local mihimam c.c. f" >0

up

f

b )  I f  f ' ( c )  = 0  a n d f " ( c )  s o  t h e r
" c "  i s  a  l o c a l  m a x i? ? ?

f ' :=0
C.C.
down

f ' < 0

inconclusive"'" is an inflection point

- f ' = 0 / f " . = 0

WARNING.

Only
I . ? t

f ' = 0
n e e d .  n o t  h a v e  f ' = 0 ,

f'70, f"=0
cc. ap

I. Point I pt is not an
extrema

d o w n



S k e t e  f ( x ) = 1 + 1

A l t .  f o m  f ( x )  =  x ' + x - 1

(a) Vertizal Asymphates :(Denom=0)X=O.VA
(6) Horizontel Aryaplote: deg ontop

the THor. Asya
deg on bot.

[ y=1 )  HA
(C) Increase /decrease:

3 ( x - 2 )

# lime analysis

5 0 5 0

b u t

X - 2

X - 2
3

x - 2
× 3

1 + + +

c r a p .

(a) concavity
?  2

decreasing increasing

I . ?

3

= *  ( x - 3 )
concave

d o w C.C
UP

EX



(es assemble sketch

In f lec t .
p o i n t

- . .dec reasé
p c . c . u p

zrecrose inc

C.C.
d o w

set
? Crossig HA? f(x) =1

5 0

s o l v e*2+x-1=12
results: X=I is the only

crossing of the HA y=!



EX sketch a possible graph of a continousfunction
t h a t  s a t i s t i e s  I . 4 ' 4 0  i nxE (-1, 1) Jie/XK1

III . f ' >0  i n 1<x<2 and -z<x<-
IT .

= - 1  t o r  x > 2
ie. 1x1 > 2a n d  f o r  x < - 2

IN: f has an inflectinpoint@lo.

two possible
graphs.


