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Example 2.7 (a) Prove that /(r) : W is not differentiable at r : 0 by cousidering the limit

(b) Find a formula for ft{r). (c) Does it has any ver*ical tangent ?

Solution. f'(o) tj lUu ,ft,
h*o

,ti"
h:o

fb + hl -fro:
l^"

I^

)

1 t(r) ' X-x S-tn-l[o=

h-lo

,tr
h

l,i'/,

hI-

l,o
hao

.Qi"
hao = .Qi, -- *@

4

<- ffrnfu={oo $ru$u x

w
li* ".lo-h -{' - +@ (p.we )h{0 h
"'t&r=ffi un*ffut h,r?6r{ x: o

r{ g3|"o j ,ti,
h{o

x

\ L
X+ x +h)t

y-lo

+
The Rela-tionship between Differentiatrility and Continuity

theorem abor,'e is la,ise. since continuous does not iurpiy cliflerentiable.

2.2,3 Other Derivative Notations

iYiren the indeperrrieui, rraliairie is r, tire derivative is cornmorriy denoted by

* 
Liufa,fir ttur{u "

Cletik^t to\t-t)

'lilu cal 2
t,/ I

f'{")

In the case rvhere the depcndetrt

With the ir,bove

r-_.*.-1
i{ g : /(r), fihe derivative is also denoted byt_ _ l

OI or D*lf {")1

a oI a'(*) or

the valuc, of the delrivative a,t a, poirrt J0 can be erxprcssed as

or

cly

dx

or fivonl

Evolu d,vd sy,,hl.

Acarle.mic year 2019

or D,lf @)ll,:*o or y'(*n)
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fou+., Ll! ft* *_9,^ 

rffi _{_
h,l o l"

,[ttm) {-i-+)-ffi?\ x+h
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*6lrl'J

+ ! x( ) + x

x

hro h

\Eo^b(rf ,l-t' ' (q-bx&abob")
6ffifM,?'

h

x

*h + x*h +
1
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) xqt') {ffi)
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-(rFl'
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0r\

0 f Jrrrh' '' X = ot lle?

b f(x)

f fii il trel tlsrruo"i'fi \ --c't' f 'Ja.lot"rrro,n x"&.

rrsr -t siolilb?v{ X -- xD

{ unou$u{l5X >t =ct :1'\t' P
---\x\ tl{(x)={lt{nniu



t.)().)

2.3 Basic Differentiation Formulas

Deriwative cf a- Can-qtant

.t- l'uur
t-
\\ =[tx) = c9

Example 2.8

t'(x) =,ii,n
hq0

"ti,.\ar'l

,i- ,*., 0_trl ]:
dr'"'
d,-,- 0r I"l -afi

{(x+h) -trrt
}l

c-[

d, -t O
r I rl

dfr'
,1 n* l;/.r) - V
drL"t

Y

c-

t
,
t
I

x
0

x x+h

.!

[5'] :0"'
cl,r

d
[rr'] : 0

dr:

drJtt/
a)(

l= o

''){t{',1 -l 1. rl.-1..,,1,,. 1

; {r,tn ri] = ocx
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{-t^- t

9-
-l

2

b dr
,R\ )( (x'){

dx,)

x
2

t{=!
dx1

u2

Dcrivatives cf Power Functions

Example 2.9

+
d r*st - 5X
-. t& I 

-dr' ' -s-l
!r*-,t= .:5.I....-r.
dr' ' ,-t
d, . z. 0- u9-t
*1r51: ?.^...'....tJ*

=L/t'
I

' 
,d,x

-sf a

d

clr

dr

L*"1

r*Jit
L&l

.1.t-t
vn

Vz

0xll- :'(fz-r): l?{

*t*', l
;

-krn=
_t_
2fi

4.
2-

?tz

Derivati.re of a Ccnstant ?irnes a Fuaction

Example 2.10 frtn"-l:..+.
d k*) 3(tX8)x? z izxa
dx

d{ -12\- -d(xli) :--1?r1lart-r"-): .flX

(:) :d

{LX

Aca.dernic year 2S19
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Der:i.,,ati-"'cs of Sums and- Diffcrenccs

Example 2.11 !t*u+rzt: dk:) t d(r1)dn, , di( dX

+
9x + Q-x

!rc"" * el :
dr' I

-0 --bL;o
0,t

r

*(@#) : *"(*-H)=*[t:3n): 
-fu /d r.nl --

tdx
J
eJf )

tf,uJur$.tlturuo{
Example 2.L2 Af what points, if any, does the graph of y : 13 - 3r * 4 have a horizontal tangent

Iine'/ (slrge =0

Solution. Jllr x tr lcfl =o{

fcxl=t'*ix'++
f '(x) -- zd-3

I k'f f '(*) -' tfq = o

x2-l =o
(X-lX x+l) : O

x 1

.". { x = - I r t'rn1;*,ixlu 
^};,'f;fr;

20611.! : (la,icr-rlus 1 Acaden:i* year 2*19
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2.4 Product and Quotient Rules

2.4,L Derivative of a Produet

Example 2.15 1. Let y : {4r2 - f)(Tr3 + r). Find d,yld,x

d .7-
Itx -1 C+f*x) + (+f*x

U= (.ry:-rx+f+x)

= 2.r* * sf+x

qs6
2. Let f (*): @)(zr2 +5). Find /'(0)

)4 (qf-rr
d\K

)+(? +x) [gx )

Solution.

Soluti,on.

z(

,('
?

Qx -t \(? x

tzf+s) + Ca&s)$*frr+r )d

.. f'(o) : (t.o .o)+ Ufr+s)(l) =lS4

t L lQox -

f '(*l z (ix+rx qx) 1(zx3s) cl
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2"4.2 Derivative of a Quotient

Example 2.16 Find d,y/d,r for y

)t(x"-r) 6l-t td Cte+ \ )
1. .y {u = 

(xq+

drx e.

Solution.

, ",-

Solution.

-2X

qxa+ t )

(x{+r \Lx
x +t)

il{
dx

B frcz*"tr - (zx+tlScnl

s n qrf +zx = *zx ( xt-zxt-t )

(x++ t )' ( Y +l)

(*lI)'
q-Ji - (zx*)*A

K

= 2G -n Izx+q)T' zxJx

\.

12 *'r

2r*7
-\

z10fi1i 1: Cnlrulus l- Academic year 2019
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2.3.1 Higher Derivatives

The derivative ft of a function / is itself a function and hence may have its own derivative. If // is

differentiable, then its derivative is denoted by f" and is called the second derivative of f. As long as

we have differentiabilitg we can continue the prccess of differentiating to cbiain tbe third, the fourth,

the fifth, and even higher derivatives of /. These successive derivatives are denoted by

the first derivative y'. /'(r). #, fiVAn

the secoud derivative !", f"{*),
dry
."L-': l.f (")l

4z

the third derir,ative

tlie fburth derir,'atir.e a$), y{a)@},

A ge*eral s:,th order derivaJi,re g{'), !(."){*),

Example 2.13 If "f(*) : 6ra - 5rz + x2 - 7r * 8,then
j L

{{*}: ZqX - I5X + zx-?

1*

f,,(*): +x* - 7o/, *z

l"'(*): \\tt'X - 30

r%{d: lqq

;(s)1r) :

a"' t f "'(.r),
d3a d3 ,,, ,.
ir'' drlLr \r ))

daa

d'.4

:

d"g
rirn

6a
.;A [/(")]

dn
["rt*)]

0
I

y(soo)(r) : 0

I

A ca,rlen:ic l.ea.r 20] 9 ,)('lA1 -l 1 . rr.,I...,1,... 1
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Example 2.L4 Let a : 
* + L 

. Find u(i11).
fr

Sotution. tt= t+1- =- 1*X?x
*t

-L:(-r)x-" x
$

Y

1

9

)r 2x
3

-fl-t
x

OJi'Urqorr

U'r

3
?xlt

I(

ll,

(4)

1

9

z [-rX -z)(-])x 
tl

= -bx

: (-r{*zX*jX-u)x s

: (- o+ (r.z .1. L+) x-tttt

-k

: Zqx
-5 pat{ern

t)t^
)

1.2.3.,...'h)

-t)h lx*

(111) 
= (-lfnt . [r,r, t) x 

t1-1

{u'
11',I . 41rl x

* ll2

= (-r)h (
tt^) ( YI

)
= (_r)
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