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CHAPTER 9
DIFFERENTIATION

TOPICS
1.Derivative of a function
2. Derivative of sum/difference of two or more functions
3. Product Rule.
4. Quotient Rule.
5. Thederivative of a composite function and chain rule.
6.The derivatives of algebraic functions
7. Derivative of inver se function.
8. Differentiation from thefirst principle.
9.Thederivatives of trigonometric functions
10.L ogorithmic differentiation
11.Implicit differentiation
12. Substitution method.
13.parametric differentiation
14.Derivative of a function w.r.t another function
15. Second order derivatives.
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DERIVATIVE OF A FUNCTION

Let f be afunction defined in anbd of apoint a If Lt L;(a)
X-a X =

to be differentiable or derivable at a. In this case, the limit is called the derivative or differential

coefficient of f. Itisdenoted by f '(a). f'(a) = Lt L;(a).
X-a X=

existsfinitely, then f issaid

Note: In the above definition, by the substitution x —a=h, we get another equivalent definition

forf(a). ie, f(a)= Lt -~ T(@)
X-a X—a
vative: jon defined | (0~ 1(a)
L eft hand derivative:- Let f be afunction defined in anbd of apointa. If Lt —
X-sa— X =

existsfinitely then f is said to be differentiable from the left at a. Thislimit is called the left hand
derivative (LHD) or left derivativeat a. Itisdenoted by L f '(a) or f '(a-) or f '(a-0).

L@ fa)= Lt 1921
X—a— X—a

Right hand derivative:- Let f be afunction defined inanbd of apointa If Lt 0= 1(2) (X)z_;(a)
X-at -

existsfinitely then f is said to be differentiable from theright at a. This limit is called the right
hand derivative (RHD) or right derivativeat a. It isdenoted by R f'(a) or f '(at+) or f '(a+ 0).

Rf'@) fia= Lt THN=T@)
X—at X—a

Note: fisderivableat aiff f isboth left and right derivableat a and f'(at) =f'(a-)
Derivability of afunction in (a,b):

Let f(x) be afunction defined on [a,b]. If

f isderivablefor all ¢ O(ab) ,then we say that f is derivable on (a,b).

Derivability of afunctionin [a,b]:

A function f, defined on [a, b] is said to be differentiable on [a, b] if f is differentiable on (a, b),
fisright differentiable at a and f isleft differentiable at b.

Note: the process of finding derivative of afunction using the definition is called derivative from
the first principles.
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2. Every differentiable function is continuous but every continuous function is not
differentiable.
THEOREM
If afunction f isadifferentiable at athen it is continuous at a.
Proof:
fisadifferentiable at a

fa= 1t 10-1@
X-a X—a

=>
Lt (f(x) - f(a))= Lt w(x—a) (- xza)

= Lt [M] Lt (x—a)
X-a X—a X-a
=f'(@.0=0

=> Lt f(x)=f(a)

X->a
-+ f iscontinuous at a.

The converse of the above theorem need not betrue. That is, if afunction f is continuous at a
then it need not be differentiable at a.

e.g., Thefunction f(x) = | x | is continuous but not differentiable at x = 0. For,
Lt f(x)= Lt |x|=0=f(0)
X-0 X-0

f(x) iIscontinuousat x =0

- -0 -
Now, L f'(0) = Lt f=-1O_ | [¥-0_ Lt %=1
x-0- X-0 x-0- X—0 x-0- X
- -0
Rf'(0)= Lt M: Lt &: Lt 2:1

x-0+  X-0 x-0+ X=0 x-0+ X
~Lf'(0)=-11=Rf'(0)
-+ f(x) isnot differentiable at x = 0.

DERIVATIVES OF SOME REAL FUNCTIONSFROM IST PRINCIPLE

1. DERIVATIVE OF CONSTANT
A constant function is differentiable on R and itsderivativeisequal to zero for all xOR.
Proof:
Let f (x) = c (cisconstant),for all x
f(x+h)—f(x): Lt c-c_
h h-0 h
Of (xX) = cisdifferentiable and is zero.

0

f'x)= Lt
(x)= Lt
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Hence the derivative of a constant function is 0.

2.1f fx)=xx0 Rthenf'(x)=1
Proof:

f'(x) = Lt —=1

h-0 h h-oh

Lt f(x+h)—f(x): Lt Xx+h=-x _ h

3.1f f(x) =x", xOR then f'(x) = nx"-1
Pr oof

f(x+h) - f(x) _ Lt (x+h)" =x"
h-0 h

o= b

n_yn
SR Gl it SRR
h-0 (x+h)—x

4. If f(x)= eX xORthen f'(x) = X
_ x+h _ X
o= Lt XN e e
h-0 h h-0 h

h_
= X Lt [e_lj::eu:ex
h-ol h

5.1f f(x) = aX (a> 0, a# 1) xOR then
f'(x)=aXIna.

i.e., di(ax):axln a, (xOR,& 0,a¢ 1)
X

6. If f(x)=Inx Il x>0then

Fr(x) = =
X
f'(x) = hlltof(X+hr)]_f(X)
- Lt In(x+h) -In(x) _ Lt 1I (x+h}
h-0 h h-0 X
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n@EeW=
X

\‘

JAff(x) =sinxx O R, then f'(x) = cosx.

f)= Lt f(x+h)—-f(x)
h-0 h
- Lt sin(x+h) —sinx
h-0 h

2C0oS| X+ — sin(
Lt = =
h-0 h

|
—
=
®)
o)
)
VR
x
+
N
N—
=0
—
r
(28
S
7\
N
N

=cos(x +0) .1 =cosx.

Therefore, %(sin X) = C0SX

8.1ff(x) =cosxx O R,then f'(x) =—sinx.
f(x+h)-f(x)
h
- Lt cos(x + h) —cosx
h-0 h

o x5 Jan(3)
-2sin x+E sn 5
= Lt

h-0 h

. (h
sin| —
. h (2}
- Ltsin| x+—| Lt —=2
h-0 ( 2] g (hj
2

=—gsn(x+0).1==-sinx.

o= Lt

i(cosx) =—3gnx
dx
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9.1f f(x) =tan x x O R —{(2n + 1), nZ} then f '(x) = sec?x.
fx)= Lt f(x+h)—f(x)
h-0 h
_ Lt tan(x +h) —tan x
h-0 h
_ Lt 1{ sin(x+h) _sinx
h-oh{ cos(x+h) cosx
Lt 1{ sin(x+h-Xx)
h-oh\ cosx.cos(x+ h)
Lt snh Lt 1
h-0 h h-0cosx.cog(x+h)
1
cos® X

=1. = sec? X,

Therefore, %(tan X)=sec? X.

10.f(x) = cot x isdifferentiableon R {n, nZ} and f '(x) = — cosec? X.

i.e., i(cotx) = - cosec? x.
dx

11 1f f(x) =secxx O R—{(2n + 1) , nZ} then f '(X) = secx. tanx.
f(x+h)—f(x)
h
- Lt sec(x +h) —secx
h-0 h

f'x)= L
)= Lt

ST
h-oh| cog(x+h) cosx
1_cosx—cos(x+h):|

= Lt=
h-oh| cosx.cos(x +h)

. h) . (h

1 2.9n x+E .9n 5
= Lt=

h

h-0 cosxcos(x+h)
gn(hj
= Lt 1 LtSin(X+Dj Lt 2
h-0cosx.cos(x+h)n-o 2 )n-o
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1 )
= > sin X. 1 = sec X. tan X.
COS” X

i(secx) = secX. tan x
dx

12. If f(x) = cosec x then f '(x) = — cosec x. cot X.

i.e., di(cosecx) = —COSECX.Cot X
X

Theorem

THE DERIVATIVE OF SUM AND DIFFERENCE OF TWO FUNCTIONS

If f and g aretwo differentiable functionsat x, then f + gis differentiable at x and
(f+9) (x)=f'(x) +g(x).
Proof:
Sincef and g are differentiable at x,therefore
f(x+h) - f(x)
h

and 11 SO0
Let =f + ginasufficiently small neighborhood of x. Then
L X =00 _ | (F Q)+ =(f +g)(x)
h-0 h h-0 h
_ ¢ LEG+h) +g(x+ )] T (X) +9(X)]
h-0 h

- Lt { Fx+h) - f(x)  g(x+h) -g(X)}
h-0 h h

f'x)= Lt
h-0

L -0, | g0crh) —g(0)
h-0 h h-0 h

=f'(X) + g'(x) which existsand isfiniteisdifferentiable at x and

_ L &N -0
PO

Hence ¢ =f + gisdifferentiableat x and (f + g)' (x) =f'(X) + g'(x).

Similarly,

If f and g are two differentiable functions of x then f — g is differentiable and
(f-9)' (x) = f'(x)-g(x).

Note: 1.I1f uand v are two differentiable functions of x then u + v isadifferentiable and
d du dv
—(u+v)=—+—
dx dx dx
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2. i(u1+u2 +..+Uy) SO v, G

dx dx dx dx
THEOREM

If f isadifferentiablefunction at x and k isa constant then kf is differentiable and
(kf)'(x) = k.f'(X)
Pr oof:
Since fisdifferentiable at x,therefore,
fx)= Lt f(x+h)-f(x)
h-0 h

= (KO)Oe+h) —(KE(X)
h-0 h

- Lt kf (x+h) —kf (X)
h-0 h

f(x+h) =

k Lt 1) _ £ (x)

h-0

THEOREM
If f and g aretwo differentiable functionsat x then the product function f.gis
differentiable at x and (fg)' (x) =f '(x).9(X) + f(x) . g'(X)
Pr oof:
Sincef and g are differentiable at x,therefore
f '(x) and g'(x) exist and
f(x+h)-f(x)
h

h) —
g(x+ r)1 g(X):g.(X)

Lt (F9)(x+h) ~(fg)(x) _
h-0 h

_ | foxhgxrh) ~ f (099
h-0 h

Lt 1[ f(x+h).g(x+h) - f(x)g(x +h)] + Lt 1[ f()g(x+h) = f(x)g(x)]
h-oh h-oh

_ hlj.t0|: f(x+ hr)]— f(th':tog(“h) +100) hl:to{g(x-'- hr)]—g(h)}

f'x)= Lt
h-0

and Lt
h-0

0 (fg)'(x)= f'(x) g(x) +f(x) g'(x)
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Note:

Above formula can be taken as follows which is known as Product rule or uv rule:
If uand v are two differentiable function of x then their product uv isadifferentiable

function of x and i(uv) U
dx dx dx

Quotient Rule

THEOREM

If f and g are differentiable functions at x and g(x)#0 then the quotient function r is
g

9(x)- f'(x) = f (X) g (x)
[9(x)I?

differentiable at x and (%) (x)=

Pr oof:
Sincef and g are differentiable at x,therefore
f(x+h)=f(X)

h

h) —
9041900 _g

f'x)= Lt
(x) = Lt

and Lt
h-0

Hl: L E 19+ =(F 1 9)(%)
g h-0 h

Lt —

1] f(x+h) _ f(x)
h-oh| g(x+h) g(x)

= Y fcrhg() —gx +h) (%)
n-oh| 9(x) g(x+h)
_ 1 F(x+h)g(x) - f(x)9(x)
R PTOTCE) + f(x)hg(x) — f(xg(x+h)

= 1 f(x+h) -f(x)]_ a(x+h) —g(9)
e

= {g(x) Lt {w}—f(x) Lt {M}}
h-0 h-0

(901 h h
1
= X)f'(x)— f(x)g' (X
SO 0 00~ 1009 ()
- ( f J = IO~ g
g [9(3)]*
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Above formula can be taken as follows.
d7u 4 adv

If uand v are two differentiable functions of x then dfu)_“dx dx
dx \ v V2

. u
which isknown as —rule.
\Y

Derivative of the reciprocal of afunction :
If f(x) isadifferentiable function at x and

~f(x)
[f (2]

f(X)# Othen% is differentiable at x and (%J (x) =

DERIVATIVE OF A COMPOSITE FUNCTION

If f isadifferentiable function at x and g is a differentiable function at f(x) then gof is

differentiable at x and (gof )'(x) = g'(f (x)) f' (x).

Thisisaso known as chain rule. This rule can be further extended.

For example, if y isafunction of u and u is afunction x then y will be afunction of x and
dy dy du

therefore, —== = —=.
dx du dx

DERIVATIVE OF THE INVERSE OF A FUNCTION

Letf:[a b]— [c, d] beabijection and g be theinverse function of f. If f isdifferentiable at
x O (a, b),f{(x)#0 and gis continuous at f(x) then g is differentiable at f(x) and

1
"(F (X)) = —— .
g'(f(x)) (%)
Note: If y =f(x) = x =f=1(y) then
dX _ ftyey) = (L -1 -1
d—y—(f )(y) =(f )(f(X))—f,(X) dyj

dx

DEX= Landgy: 1

dx
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DIFFERENTIATION OF DETERMINANTS

THEOREM:
_[T00 00| dy [T°00 g0 1100 90
ox)  Wx) dx |ex) W) [ W(x)
Proof: Giventhat y = f) 9
ox) WX

=y = (X (x) - g(x¥)aAXx)

m%y= 91 (9w - 9(00)]
X dx

= OW ) + £ QW] = [ (X)W (X) + g()W (X)]
=[F'OQW(x) = g’ ()] + [ QW' (x) = 9(X) @ (X)]
P g, 1T 9

ox) W) | [ 6  Y(x)

+

EXERCISE

1. Find the derivatives of the following functions.

i) y=(4+x%)e

Sol: y

(4+x°)e
Differentiating w.r. to X

d

<

d d
v (4+ xz)&(ezx) +e2X&(4 +x%)

o

= (4+x%) .26+ (0 +2x)

=264+ +x] = 2e2x(x2 + X +4)
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i)

Sal:

i)

sol :

iv)

sol :

www.sakshieducation.com
y = (Vx +1)(x* —4x +2)(x >0)
y = (Vx +1)(x* —4x +2)(x >0)
Differentiating w.r. to x

Y (Vx +1)i(x2 —4x +2) +
dx dx

d 2 4x+2
(6 - ax +2) - (Vx +1) = (Vx +1)(2x - ) S XX 2J§+

XX2

y =a*e
2 . .
y = a*.e* Differentiating w.r. to x

ay _ (ax)&(exz) + (exz)%(ax) = aX.eX2.2x + exz.ax.loga

— AX X2 -
=a’e" (2x +loga) = y(2x +loga)

_ax+b
x+d

[[cf +[d] = 0]

ax+b
[ic| +|d| # O]
cx+d

y:

Differentiating w .r. to x

g _(ex d) < (ax +b) - (ax +b) § (ex +d) _ (cx+d)a~(ax+b).
dx (cx +d)? (cx +d)?

_ acx +ad —acx —bc _ ad —bc
(cx +d)? (cx + d)?
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v) y=e*log(3x + 4)(x > _?4)
sol: y=e*log(3x + 4)(x > %4) Differentiating w.r. to x

%_ in 2x\1 = 2X 1 3+ 3X +4 2X2
5 € OIX[Iog(3x+4)+log(3x +4)(e)]=e vt og(3x +4).e*.

= ezx( + 2log(3x +4))

3xX+4

3 5
vi)  y=+/x+2x4 +3x8(x >0)

3 5
sol 1y =+/x +2x4 +3x6(x >0)

5 :l.x'l/2 e § x Y4 +3 B . xVe
dx 2 4 6

= %[x_l/z +3.x7Y4 +5, x_]/ﬂ

vii)  y=+2x-3+./7 -3x

sol : y=+2x -3 +.7 -3x

ﬂ— ! 2+ 1
dx 2v2x-3 27 -3x

(-3)

_ 1 3
v2x -3 27 -3x

viii) y =¢€" +sinx.cosx

sol :  y=¢e* +sinx.cosx
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sol :

Xi)

sol :
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ﬂ = i(ex) +i(15n2x)
dx dx dx\2

= & +%00st X 2
= € +cos 2x

y =(x* -3)(4 +1)
y = (x* -3)(4x +1)

dx

= (% -3)(12¢) (¢ +1)(29)

Y- (e -3)%(“3 +1) +(a¢ +1)%(x2 -3)

=12x* —36x% +8x* +2x = 20x* - 36 x° +2X

y= (x/_x —3x)(x +E)

y =5sinx + e€*.log x

y =5sinx + e*.log x
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dy _ x d d/ x
— =5cosx +e”.—(lo +log x—|( e
dx X dx( 9%) d de( )

= 5cosx + e".1 +(log x)(ex)
X

xii) y=5"+logx +x€e
sol : y=5"+logx + x€e

dy
dx

1
=5 +log5 += +x>e* +e*.3x
X

= 5% log5 + 143 4 axe”
X

2
_pXSHgx+r
X1 ——a+b¢0
) y=E L (d +b 2 0)
ool :y = PERAXLT (s )
' ax+b

dy —(px2 +ox + r)i((ax +b)

d/ 2
ax+b)—|px®+qx+r|—==
( )dX(p a ) dx (ax +b)?

_ (ax+b)(2px +q) —(px2 +OX +r).a

(ax + b)?

_ 2apx® + 2bpx + agx +bq —apx® —agx —ar
(ax + b)?

_ apx® + 2bpx + (bq —ar)
(ax +b)?
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xiv) y=(ax+b)".(cx +d)".

sol: y=(ax+b)".(cx +d)".

Y ax+ )" L (ex + d) + (e + d)" I (ax + )"
dx dx

= (@) mioc+d) e +(oc+ o) n(3x +b)"™

an . cm
ax+b c¢cx+d

= (ax +b)" ™ (cx +d)™*[em(ax +b) +an(cx +d)] = (ax +b)" (cx + d)m{

1
xv) y=————(|a +[b] +|c| £0)
ax© +bx+c
] 1
sol: y=————(|a +|b| +[c| #0)
ax“ +bx +c
dy (=1) d

= >—(ax® +bx +c)
dx (ax2+bx+c) dx

—(2ax +b)

(ax2 + bx + 0)2

xvi) 'y =log;(logx)(x >0)

sol : 'y =logy(logx) _ log(logx)
log7
v_1 11
dx log; logx x
2. Hf(X)=1+x+x% +....... +x1% then find f'(2).

Sol: f(X)=1+X+X2 +........ + x99,
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= f'(X) =1+2X +3X% .. +100x%

= f'()) =1+2+3......... +100

_100x101 _ 5050(2)( _ x(x2+ 1))

3. if f(x)=2x? +3x -5, then provethat f'(0)+ 3f'(-1) =0.
Sol : f(x) = 2x% +3x -5,
= f'(x) =4x+3
= f'(0)=0+3=3
= f'(-1)=-4+3=41
= f'(0) +3f'(-1)3 +3(-1) =3 -3 =0
2. Find the derivatives of the following functions f (x) from thefirst principles.
i) f(x) = x°

Fx+h)-f() _ |, (x +h)® -
h h—0 h

Sol - fl(x)= Lt
()m0

- Lt X2 +3x%h +3xh? +h® =3

h-0 h
h(3x2 +3xh + h2)
= Lt
h-0 h

= Lt (3x2 +3xh+h2):3x2 +0+0 =3x2
h-0

i) f(x)=x*+4

f(x+h)-f(x)
h

sol 0 f(x)= Lt
(x) L
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(x+h)* +4) -(x* +4
t
h-0 h

4 A
- Lt (x+h)"+4-x" -4
h-0 h

h[4x3 + 6x%h + 4xh® + h3] _
h-0 h

Lt04x3 +6x°h +4xh? +h3

=43 +0+0 +4X°
i)  f(x)=ax’? +bx +c
Ans. 2ax+b

iv) f(x)=vx+1

ol - fl(x):thof(X+hr)]_f(X): Lt x+h+1-vVx +1

h-0 h
o (Wx+h+1 = +1)(Vxo+h 1 Vx4 L Xth+l-x-1
“h-0 Ix+h+1++/x +1 h-0vx+h+1+vx +1
h

- hlltOh(x/x+ h+1++/x +1)

= Lt !
h-0Vx+h+1+Vx+1

_ 1 _ 1
Ix+1+Vx+1 2x +1

V) f (x) =sin2x

AnNS. = 2cos 2x
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vi) f (X) = cos ax

f(x+h)-f(x) - Lt cosa(x + h) — cos ax
h h-0 h

sol - f(x)= Lt
(x) WL

ax+ah+axsinax+ah—ax

-2
= Lt 2
h-0 h
=2sn{ax + —|.9n|—
= Lt 2
h-0 h
[
Lt —2sin(ax +@) Lt
- 2/h-0 h
: a .
:—ZsmaxE = —a.gnax
vii) ~ f(x) = tan2x
sol: f'(x) = Lt f(x+h)-f(x) _ Lt tan2(x + h) — tan2x
h-o0 h h-0 h

sin(2x+ 2h) _ sin2x
cos(2x + 2h)  cos2x
h-0 h

sin(2x + 2h).cos2x — cos(2x + 2h).sin2x
cos(2x + 2h).cos2x
h-0 h

B 1 sin(2x + 2h - 2x)
h - 0h cos(2x + 2h) cos2x

- L sm2h. Lt 1
h-0 h h-0 cos(2x + 2h)cos2x
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o b osec?ox
COS 2X.C0S2X

viii)  f(x) = cot x

f(x+h)-f(x) - Lt cot(x + h) —cot x
h h-0 h

sol : fl(x)= Lt
(x) o

cos(x + h)  cosx
sn(x+h) sinx

= Lt

h-0 h
cos(x + h).sinx —sin(x +h).cosx
- Lt sin(x + h).sinx
h-0 h

_ -sin(x+h=x)1
h-osin(x+ h).sinx h

Lt —-sinh 1
h_0 h ph_osn(x+h).sinx

1 2
=-— ~ = —cosec’ X
sinx.sin x

iX) f (x) = sec3x

o 1= L D=t

- 1[ 1 1 )
h - oh\cos(3x +3h) cos3x

a 1 cos3x - cos(3x + 3h)
h - 0h cos(3x + 3h).cos3x

. X+3h+3x . 3x +3h —-3X

sn .8n

=1 2 2
h-0h cos(3x + 3h).cos3x
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sin:ih

Lt 25in(3x+3h). Lt — 2
f'(x):h_'o h-0 h
N Ltocos(3x + 3h).cos 3x

23in3x.§

_ _ 3 sn3x 1
(cos3x)(cos3x)  cos3x cos3x

= 3.tan 3x. sec3x

X) f (x) = xsinx
ol - t1x = Lt f(x+h)-"f(x) - Lt (x +h)sin(x +h) —xsinx
h-0 h h-0 h
- Lt x(sin(x + h) —sinx) +h.sin(x +h)
h-0 h
x(2005X+h+X.sinX+h_X)+h.sin(x+h)
= Lt 2 2
h-0 h

-

h sin—
= 2x. Lt cos(x+—). Lt 2
h 2
1 .
= 2x.cosx.§ + SN X
= X.COSX. + Sin X

xi)  f(x)=cos®x

f1(x) = Lt f(x+h)-f(x)
sol : ho

P
F1(x) = I_tocosz(x+E) Cos” X
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—(cos” x - cos® (x +h))
h-0 h

- Lt —sin(x +h +x)sin(x +h —x)
h-0 h

)= Lt —sin(2x+h) Lt 30N
h-0 h-0 h

= —-sin2x.1 = —-sin2x

3. Show that thefunction f (x) =|x| +|x +1 isdifferentiable for real numbers except
for Oand 1.

Sol : f(x)=[x+|x+10x3 R
Case(i):a x=0

R0 = L 91O
X0+ X

+ —_—
_ Lt 2x+1 1:
X -0+ X

2

= u 1O

- 1 oo
X—»O_ X

Rf'(0) # L f'(0)
O f'(0) doesnot exist.

f (x) isnot differentiableat x = 0.
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Case(ii): a x=1

Rf'(1) = Lt fx-f@
X - 1+ x-1

- Lt 2x+1—3: Lt 2x—2:2
X - 1+ X_l X - 1+ X_l

Lf'(Q) = Lt f)-1(@) _ Lt E:o
X-1- Xx-1 Xx-1-x-1

Rf'(2) # Lf'(2)
f '(1) Doesnot exist.
f (x) isnot differentiableat x =1
O f(x) isdifferentiableon R-{0,1} .
4. Verify whether the following function is differentiableat 1 and 3

X if x<1
f(x) = 3-X if 1<x<3

X% —4x +3 if X >3

Sol: Case(i): at x=1

)= u 0= 1@

Lt x=(3-1) - Lt x—2:oo

f1) = L fF(x)-f@
X -1+ x-1
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Rf'(1) #Lf'(2)
f (x) isnot differentiableat x =1
Case(ii):at x=3

f(3)= 1, HX=1E
X-3- X-3

Lt (3—x)—0: Lt 3-Xx
X —» 3— X—3 X-3-X-3

f.(3+) - Lt f(x) - f(3)
X—>3+ X_3
(x* -4x+3) -0 (x-3)(x -1)
= Lt = Lt —A "7
X - 3+ Xx—3 X - 3+ X—-3

= Lt x-1=3-1=2
X - 3+

X, if 0<sxs2

5. Isthe following function f derivable at 2? Justify f (x) = {2 "

ol - f'(z—): Lt fx)-f(2) _ Lt X°2_4
X o 2 X-2 Xo2=-X—2

f(2f)= Lt TX-T@_ | 222 _,
X4>2+ X_2 X—>2+ X_2

f'(2-)# f'(2+); f (x) isnot derivableat x = 2.
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