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lockure § -MTH 161

.9 - The Derivahve as a ]runc’nbn

lost clacs , we conaider the of a function | ot fixed rumber a

h) -
flay = b flavh) - fl0)
h—0 h

L ———r

6 vext what we would ke 1o do 15 let the nurnber o varjA

If we mP\ace a b3 x ,we oblamn

—————————

r)(l(x\) _ f(x+h) ‘)C(X)
h—0 h

\

|

SoTven a ourber x for which the hear) exists | we ass{ﬂn fo x e nurober f'(x)

funchion , called the denvative of §

So we can roﬂard f' as 0 new

B Of f) xP=x , fnda ¥ormula for f‘(x)

liro f(x+h)—f(x) TS ([x+h]3—[x+h—H-(x3—x)

f'ix)y =

h—0 h h=0 h



313,00 4 3k bBox—h-x3+ X

< lim
h=0 h

lim gfh bty R -k
h-=0 | h

hl%x%%xhi«hg-— h) _ lm (3x%4 gx\th—M =34

= hm

h=0 h h-0
flx) flxy
VAN // g = \ -
/ N/ ' :

B fx) = {x ., find ’rﬁe derivahve of { . State the dornan of ‘f' |

f(x) = lm foorh) =) g xah - %

_ b [ Ixeh =% ) Jx+h 4 X > = lim (x+h) = X
he0 h [xeh + x h>0 b ({[xeh+{x )
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= lm X
h—0 VNx+h+wB<) ho0 | X+h+yx
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‘ A
X +X X

Domamo? £ [0,0) Nx30 = (0,00)

OTHER NOTAT!OI\E

Y = £(x) o indicate Yot the indePendeM variable 15 x and the o\ereno\en{

variable \‘Sj _the other notations for denwatives are

f'(x%g‘:%ét %%i ; j\;(f(m

9\% & ot m“j a vaho buf 1t 18 Jugjr another w03 o{ wn%nj f'ix)

dx

To wnte {'(a) ,we wnte  d



Du\ffqrenjnbb\e‘juncﬁons

A funchon 15 dfferentiable ol a f () exists

It & differenhable on an open rerval (a)b) [or (a,0) or | -,0) or (-0, %) ]
»} s o\l\fferonhbble ol everj aureber in the wierval .
Ex Where 15 the funch\on f(x) =1x) o\\‘ffomnh\ab\e 7

SN Tor x >0, then [x) =X, ord hence we can choose h small enough

and hence |x+h| = x+h . ﬂwmfore,for % >0 ,we have

hot x+h >0
£(xy = lim Jx+hl -1k m xah-x _ o hoo m L =1
h-=0 h o ho0 h h=0 h h—0

0 f 15 du‘ﬁeten}\‘o\b\e for any x>0

Su‘rm\ar\\j ,for <0 we have that x| =-x and h can be small onoualn
¢ that x+h <0, and hene |x+hl = = (x+h) Therefore, for x < 0
f'ix) = hm M b =)= (50 o< e ] s -

h  h=0

h=0 h h=0 h h=0

So-f IS d{ffcrenhbblc 'for ony X < 0 .
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e st

lets comPuh),

limy 10 +h) -'\0’_ _ dim __l_b_\_ _ hm L |
ho0? h h-0" h h-0 h
L 10+hl =101 _ lm 1Rl _ o = < -J
h—0" h h-0" h h-0 h

b 1104 h) -§(0)  DNE and

Gioe hese himis are dnffewn{ o) =

h-0 N
hence .f ie not d‘f](eronhable ot x=0
\ \
The formu\a for f(ﬂ 1S P
21 %<0  S—
{'(X\ = >
1, x>0 S

The fac’r that ) = 1x 5 not dl\fferonﬁc‘zb\e com be ceen from the

fad that { doesnot have @ hnﬁen{ ool x=0.



Thm

If {1 o\uffcmmllbl)le ol a, then JC 15 conhinuous al g
6o woalso haw thal { i not continuous al a, %mf is vot differentiable o a

How ¢cAN A FUNCTION FAIL TO BE DIFFERENTIABLE

¢ So we saw earher that y ={(x) = 1x) 15 not d{ﬂerenhh ble al O ,aince Fhe
3:0[&1 chanﬂes dnechon abvupﬂj when x=0 .

1) In 3enem\ ] the 3raPh of a function { bas “comer’ora KinK " i, Fhen

the araph of { has no ’ranaen{ ot thia Polhi aqnd f 15 not oluﬁereni\bbl@ \
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2) \f {1 not continuous al a , then f is not di fferentioble at o

A

dnecon-\mth

3) A Jod Poee\b\\h’fj 5 that the curve has a verhea hhaen{ Line when x =0,

x—a

that s the hnaent lines become s’(eePor ond s*eeyer as

A vertical +arqﬁt




Higher Denivahives
if fisa o\sﬁewnﬁh\;\e funch\on , then s dertvative f‘ i also a funchbn ‘
% § roay have a derivahive OY s own )\o\oho’r;ool bﬂ (f’)' . ]f"‘

This new funcion {15 called e sccond derivative  of [

Uanj labrz nolahion | we can wrile the gecond denvative of Y <f(x) as

A%) - i

Ex I {0x) =3 —x ., find f"(x) |

Earlier, we showed that the flrs-} dervative 1s ) = 3x2-4

Then e second dervative 18

Ml = (§100) < i {10h) = 1100 Dot ] - (8- 1]
0 -0 h h-0 h

3X9-¥6X\1+3h2~ﬂ "%ﬁ"'i _hio Gxh +3h? N hn h (6x+3h)

. h=0 h

= \\m
h=0 h

h—0 h

= 6x +3h = 6)(
b,—>0
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Rk {"(x) @n be thought of as the slope o j = §'(x) at the poird

(Y>5VX\\ _

Acceleration

f 5= slt) i the Posn‘{on funchon of an obJech In a 53rra|3h’£ hine ,we

know that 1¥'s first denvative re?resen’cs the ve\ocﬁj V[t ) of on objec{

05 0 func’rion o{ hrae

vit) = ¢'(4) s ds
d

of chamﬁe a{ veloc{fj with regpec{ to the tme alled

The instantaneous e

the occeleration alt) of the objec{-

then he derioive O‘f the ve\ocﬁj

Thus “accelerahon function alt) 15

function and 19 fherefore the second derivative of the posihon

funchon 1e . alt) = vi(t) = 6" (1)
| |






