
12.2) Derivative functions

El the derivative as a function if x

? To date we have been evaluating the
slope of a function at a fixed point.

? We now let that fixed paht float on the

c u r e
? fixed f(a) = lim (f (ath) - Ha)

h ? o

? f loat f ' ( x )
f(xth) - f(x)

h
h>o

m= function of x

? X



F i n d  f ' ( x /

? use

f ' ( x )  = l i m

if f(x)=x*-3x*+1

f (xth) -  f(x)
h

(2)

? use + 1 3 = 1 1 - 3 2 7 ° + 4
template

so f (X+h) = (x+4 -3(x7h)2+1

? Now

f'(x)=limha0 (ors- a4) 11--
(x'-3x+11

I  fo i l

=lim
(x4+4x94+6x7h'+4xh'+h")

-36x*+2xh+h2+1
h90 - (x"-3x°+1)

#443h+6h+4 h"-385-6x4-34° +17
=  l i m

h > o
-X4 +37-1

4 x° +6x*4+4X+4-64-34)
0

= I I m
h ?0

f ' = 4x-6X



o We will need to learn the tricks" to
be able to evaluate some denvatives.

Exl find f(x) if f(x) = Je+x

? use

f ' ( x )  =  l i m
hoo

? u s e

f(x+4) - f(x))

f ' ( x ) = l i m

n ?0
5 2 +  ( x t h ) V  2 + x

h

Use this:

5 vs. 6(1) + ?÷)

( 3

shortcut
cross-multiply

=  a d  t e b .
bd



f ix)  = l im 1. f2+x-52+(x+4) ? 1

h?0

2+ (114)

t'(x) = lim N2+x

h>0 {52+x 5 24xthv

2 t x

+

t o i l

2+(x44)

52+(xth)

m a g i c

_2+x+1 2+7 2+(xth)

2+x + 12+x J2+xth 2+xth

o n e

+ 2+(xth)

((2+x) -(2+xth)
fix/=lim

t's lime lens rest a cent) is

t'(x) =

f'(K) =

(2+*) 52+8 + 5 2 + x  ( 2 + × )

-

2 52+x (2+x)

f' (x) =



I I , No tat

f'(x) = lim (a) fa l
h?0

? If we use y=fix thenthen we have

y' = lim

f ' (x)= l in
h? 0

f '(x) = lim
AX ? 0

? (X+4) - ?(?)

( x th )  -  x

A X

f ' ( x ) l i m

A x ?  d

A X

' s  a r e

( f i n i t e  d i f f -
erences

? This explains the use oft h e
most common

no ta t i on :
d y
d x

differentials
aka.

"infinitesmals"
oR os -sma l l



TIT Differentiability

) A functin f(x) is differentiable at
a location x=a if f'ca) exisists.

Def fixs is diffble on an open interval
if it is diff'bl at all points interned
to the interval

T h m :  I f  f I x  i s  d i f f ' b l e  a t  x = d

then  f (x )  i s  con t innous  a t  x=a
"can't lift pencil"

warning diffble ? continuous
but

contin nous to dill bling
I'. this thim is not bi conditiond.

So we can't use the then in reverse!



EX Where is the functe f(x)=1x13|

differentiable?

? Def fat abs T 1x1 = p
×  X > 0

value
- x  X < 0

v e e .

? Shifting 1x+31

?Three cases:

( i ) x > - 3 :  f ' ( x ) = l i m

=  l i m
h ? o

( (xth)+31-1x+31
h

/(x+4+3) 1-1x+31
( i i ) X < - 3 f'(x) =

-1

( t i ) x = - 3

f i s  d i f f b l e
ANS: (-10,-3) U63,00

aka. {x/x#-3}

L i m i t D N E  S I n C l i m
x ? - 3 ?? -3

B T W  f i s  c o n t i n u o u s X=

ever though f is Not dippil
there!



I V

(a)

Places whre the derivatives fail 68

CUSP)

diff ble everywhere but x=d

discontinuity

"ho le"

O R -

(C)/
vert ia l

asymptotes

"jup discontinuity

,  f  i s  n o t
d i f f ' b l e

a t  X = 4

x = a

f ' i s  u n d e f i n e d @ x = a

" l i m  f ' ( x )  =  0 0 "
? -  ?



O It is possible that we can

have a non-cusped continuous curve

and still not have diff blity everyake?
?

ther y '=3x

3X

see the slope is lundetined
50 this function, although

continuous who a casp, will
not  be d i f f 'bh at  x=o



Sketch t'given f

? Consider the graph of f(x) functin
cy =f(x) (f(x=x3-2×

graphof f(x)
> X y = f(x)

1 ?=?
c u b i c

? Now for.e a c h "x" above, estimate f(x)'s slope as a number
and p lo t  those number  on a separate graph:

parabo la

(quadratic
1.m= 1-

m= 0??-
m=-(

?  X


