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Chapter : 9. CONTINUITY AND DIFFERENTIAbivL11 x

Exercise : 9A

Question: 1

Solution:

Left Hand Limit: lim f(x) =

=4 lim x*
Right Hand Limit: Llllzlf(k) = llilgkz
=4

f(2)=4

Since, ll_l:l} f(x) = f(=2)

~ 1 is continuous at x=2.
Question: 2

Solution:
Left Hand Limit: lim f(x) =

=

Right Hand Limit: 1111]1 f(x)y = linll XT+H3x+4
x—1- x—1-

i

=7

Since, !CI_IH f(x) = f(1)
~fis continuous at x=1.
Question: 3

Solution:

LHL: lim f(x) =

. X-X—&
(x+2)x—3] lim =— e
=lim ———— [B38middle term splitting]
x—3- x-3 N\
=limx+2
x—3-
=5

-x—

RHL: lim f(x)=1im
x—3- x—3-

X

lim Get2)x—3) [By middle term splitting]

x—3- x—3

=limx+2
X—=3-

5

lim x~ + 3x + 4
x—1



f(3)=5

Since, L‘llé f(x) = f(3)

- f is continuous at x=3.
Question: 4

Solution:

LHL: lim f(x) =

lim ===
Byrmiidille term splitting]

=lim

x—5- X-

(x+5)(x-5)
B |

lim x + 5

x—5-
=10

.
x"—25

RHL: lin_] f(x)=1im

®—5- X—

=lim m [By middle term splitting]
=]

X—D- =

Il

limx +5

X—o~

=10

f(g)=10

Since, !cm;f(‘\) = {(5)

- fis continuous at x=5.
Question: 5

Solution:

LHL: l_ingrf(x) =

. sin3x
lim —

=3 x—0- X

. sinnx
L

RHL: )lciﬁn;_f(x) = lglf}%
=3

f(o)=1

Since, llﬂ}‘ f(x) + f(o)

= fis discontinuous at x=o0.
Question: 6

Solution: LHL:

Li_ng_f(x) =

1-cosx

lim
x—0-

i

lim —;

x-0- ¥
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B

l—cosx

RHL: lim f(x) = lim
x—0-

x—0-

2sin’s
— < =
=lim —

x—0- X

_ . [sing]1
=2 [im —
K—De X

2X-
e

1

2
f(o)=1

Since, 'ff.lc‘. f(x) # f(o)

- f is discontinuous at x=o0.

Question: 7

Solution:

LHL: lim f(x) =

lim 2+ x

=4 liny 2.+ x

RHL: lim f(x)=1im 2 — x
X—2. K2

=0

[inﬂ:_f(x) + Iinﬂ)_f():)

- f(x) is discontinunous at x=2

Question: 8

Solution:

LHL: lim f(x) =

lim3—x

=3 x—0-

RHL: lim f(x)=1lim x*
x—3- Xx—3-

=0

)[(iit;_f(!() * Li_l_t;-f(x)

- f(x) is discontinuous at x=0

Question: 9
Solution:
LHL: =

l‘il}_f (%) Ll_l}}_Sx -4
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RHL: lillll_f(x) = :l(ii111‘4x2 —3x

=1

f(x)=5x-4 [this equation is taken as equality for x=1 lies there]

f(1)=1

Since, lim f(x) = £(1)

~f1is continuous at x=1.

Question: 10
Solution:
LHL: lim f(x) =
-1 ‘I(I_IIZ‘IX =il

RHL: li_n;l‘f(x) = ‘l‘i_l.13‘2x — 3

=1

f(x)=2x-3 [this equation is taken as equalily for x=1 lies there]
f(2)=1

Since, lin f(x) = (=)

~f is continuous at x=2.

Question: 11
Solution:
LHL: lim {(x) =
i !I(iangicosx
RHL: l_i_n(}_f(:() =!l{i_ng_—cosx
=-1

)l(ills_f(x) + !I‘i_nol_f(x)

- f(x) is discontinuous at x=0
Question: 12

Solution: LHL:

liml f(x) =

= lim =2
X—a X—a
= Jimy ~52
xX=3- X—a
RHL: lim f(x) = lijm 2=
x—a- x—a- X—a

. (x—a)
=lim

X—a- X—a
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lim f(x) # lim f(x)
- f(x) 1s discontinuous at x=a

Question: 13

Solution:
LHL: l_in‘} f(x) =

“tim  (x— (-2 O D

= lim 2x

x—0-
=0

- lim (%) =1lim 2 (x— Ix

RHL: lim {(x) =lim > (x — [x])
=lim 2 (x—(x))

x—0-2 ©
=0
f(o)=2
Since, !’IH}‘ f(x) # f(o)
~f 1s discontinuous at x=o0.
Question: 14
Solution:

5 L

limsin-=o

o I g
sin- is bounded function between -1 and +1.

X

Also, f(o)=0
Since, M f(x) = f(o)
Hence, fis a continuous function.

Question: 15

Solution:

LHL: lim f(x) =lim 2x
x—2- x—2-

=4

RHL: lim f(x) = lim x*
X=2- =2

=4

f(2)=2

Since, lincl)f(x) + f(2)

s
- f is discontinuous at x=2.

Question: 16



Solution: CLASS24
LHL: lim f(x) = -x
x—0-
-0
RHL: lim f(x) =lim x
X2 Xl
=0
f(o)=1
Since, !_il}:l‘f(X) + f(o)
- f is discontinuous at x=0.
Question: 17
Solution:
Since, f(x) is continuous at x=0
= lim 22 f(o)
x-0 5x

sin2x

ll.
= -1 =
5x—~0 X A
1
= “x2=}
5

= A=

Wl

Question: 18
Solution:

Since, f(x) is continuous at x=0

. xT-2x-3
= lim =f(o)
x——1 Xx+1

= lim

(x—3)(x+1) _
x——1 x+1

= lim x— 3=
x—-1 A.
= A=-4
Question: 19
Solution:

Since, f(x) is continuous at x=2

= lim2x +1 = lim 3x — 1=f(=2)
K2

x—2
= lim 2x + 1= f(2)
x—2-
=k=5
Question: 20

Solution:



Since, f(x) is continuous at x=3 CLAssz4
= lim=—> =f(3)
x—3X-3
= llmm =f(3)
x—3
= lim(x + 3) =£(3)
k=9

Question: 21

Solution:
. . ™
f is continuous at x = -
X—'; - 2

kcosx

= lim
et

E]

=3

M-2x

kcos(
= llﬂlﬂ—)"‘ 3 [Here x = ;-h]
h—o m- ’( h) 2

ksinh
= lim————=
h—0 n—n+2h

Queslion: 22

Solution:
' ) .. . 1
lim f(x) = lim x*sin =
. L ;
As llllcl)-‘(z = 0 and sin(-) is bounded function between -1 and +1.
X— X
. 1
~limx*sin-= o
x—0 x
Also, f(o)=0
Since, ling i(x) = (o)
Py
Hence, fis a continuous function.

Question: 23

Solution:

: LHL: lim f(x) =
limx* +1

=2 x—1-

RHL: lim[(x)=limx + 1
x—Z- x—-1-
=2

f(1)=2



Since, IEII} f(x) = £f(1)
X
-~ fis continuous at x=1.

Questlion: 24

Solution:

: LHL: lim f(x)=

limx®—3

5 x—1-

RIS iy 9=+ 1
=5

f(2)=5

Since, !‘1_1.1% f(x) = f(=)

-~ f is continuous at x=2.
Question: 25

Solution:

f is continuous at x=2
lim f(x) = lim f(x) = (=)
X2 x=2+

lim(5) = lilp+[ax +b] =5

f is continuous at x=10

lim f(x) = lim f(x) = f(=)
Xx—2- xX—-24

lim(21) =lim [ax + b] = 21
x—2- x—24

= 10a+b=21 ....... (1)

(1) - (2)
-8a =-16
a-—=—2

Putting ain 1
b=1

Question: 26

Solution:

: fis continuous at x=0
lim f(x) =lim f(x
:\'—Cl—( ) x—0+ )

lim (asing (x+ 1)) =1lim
x—0- 2 X0+

P SI0Y _sinx
(asinZ (0 +1) = jjyp [cosx =
x—0+ X

tanx-sinx

-

]

]
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2= lim [Si]m(@d] CLA5524

x—0+

. inx[';—l]

= lim [—=2x—]
x—0+ x

. sinx(1l—cosx
= lim [7!)]
x—0+ COSX X

: . X

. sinx .2sin 7
lim | S
x—-0+ COSX X

]

_ . sinx .Zsinz,_—f
= lim [—F]*
x—0+ XX

Ccosx

1
=1X2X-X1
4

|
SR

Queslion: 27

Solution:

f(x)=([x-31

Since every modulus function is continuous for all real x, f(x) is continuous at x=3.

—%x<0

eo=10 =2 X0

To prove differentiable , we will use the following formula.

K f{x}—fi A f(x)—F
lim Il lim @) _ f(a)

x—a+ X—a x—a- x-a

L.H.L lim ﬁf(x)—f(a i

K- Xx—a

x—3-0

= lim
x—3. Xx—3

. x—3
= lim —
x—3.X—3

=1

R.H.L: lim fix)-f(a}

Xx—a- X-a

3-x-0

= lim

x—3. x-3
-im5

=-1

Since, L.H.L. # R.H.L, f(x) is not differentiable at x=5.

Exercise : 9B

Question: 1

Solution:
Given:

~_ [(7x+ 5),whenx = 0;
£ = {(5 - 3x).whenx <0

Let’s calculate the limit of f(x) when x approaches o from the right
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=5

Therefore,

xli_l_ng,f(x) =5

Let’s calculate the limit of f(x) when x approaches o from the left
_linol_f(x) = _linc}_(S —3x%) = 5 — 3(0)

=5

Therefore,

i 109 = 5

Also, f{(o) =5

As we can see,

Jim_f0) = lim, () = o) = 5

Thus, we can say that f(x) is continuous function.

Question: 2

Solution:

Given:

£ = {sinx.ifx < 0;
) xifx =0

Left hand limit at x = o

lim f(x)= lim (sinx) = sin(o) = o
x—0" X —0"

Therefore,

lim f(x) =g

x—0~

Right hand limit at x = o

lim f(x)= 1li 93—

Jim, x) XT&(") 0

Therefore,

lim f(x) = o

x—0

Also, f{lo) =0

As,

Jim_f(x)= lim f(x) =f(0)= 0
Thus, we can say that f(x) is continuous function.
Question: 3

Solution:

Given:



fm:[%:-whenm CLASS24
nwhenx =1

Left handlimitandx =1

lim f(x) = lim f(1 - h) = Jjp 21
x—1" ( ) h—o ( ) g]{ﬂo (1-h)-1
lim (1-h)"-1 = lim (1-h)"-1 lim — (1-h)"-1
h—o 1-h-1 h—o -h h—o h
. (1-n)"- . .
= —lim ———— (Because lim c.f(x) = clim f(x))
h—0 h x—a X—a

fix . frix
Applying L hospital’s rule (11111 X _ Jim L\))

x—a B(x)  x—a g/(x)

T N e SN D
= }}11110 . = [nl1-0)""]=n

Right hand limit and x =1

n
lim f(x) = lim f(1+h) = pjy &=t
x—1% h—o }111]10 (1+h)—1
(1+h)"-1 _

lim ———— = lim
h=0 l+h-1 h—0

(1+h)"—1

Applying L hospital’s rule (!_im % = Tim 2 )

x—a B x—a Bf(x)

o (140" =n

Also, f(x) = natx =1

As we can see that 1_-{”11_ f(x) = )](:i‘iil: 5 = [1E9)]
Thus, f(x) is continuous atx =1

Question: 4

Solution:

Let f(x) = secx

1

Therefore, {(x) =

COSKX
f(x) is not defined when cos x = 0
™ . L b s
And cos x = 0 when, x = 7 and odd multples of - like — -
Let us consider the function
f(a) = cos a and let ¢ be any real number. Then,
lim f(a) = lim f(c+h
a—ct ( ) h—o0 ( )
lim cos(c+ h) = lim [cosccosh — sincsinh]
h—o0 h—o0
= lim cosh _ 4 lim sinh
cos ¢ 1M sin e JIM,

= cos c (1) — sin c (o)
Therefore,

lim f(a) = cos e
3_‘C+

Similarly,



im_ fa) = f(c) = cos ¢ CLA5524

Therefore,

lim f(a) = lim f(a) = f(c) = cos ¢
a—c a—c

So, f{a) is continuous ata = ¢

Similarly, cos x is also continuous everywhere

. . . T
Therefore, sec x is continuous on the open interval (— - ,—)
2'2

Question: 5
Solution:
Let f(x) = sec |x| and a be any real number. Then,

Left hand limitat x = a

lim f(x) = lim sec|x| = lim sec|a — h| = sec|a|
- x—a"~ h—0

x—a
Right hand limit at x = a
lim f(x) = lim_sec|x| = lim secla +h| = sec|a|
x—a x—a h--0
Also, f(a) = sec |a|
Therefore,
lim f(x) = ]im+ f(x) = f(a)
x—a x—a
Thus, {(x) is continuous at x = a.
Question: 6
Solution:
We know that sin x is continuous everywhere

Consider the point x = o

Left hand limit:
R R sinx) . sin(0-h)} _ .. —sinh _
Jig ) = g (%) = fim (%55) = Jim (7257 = 2
Right hand limit:

0= i (22 () o )
Alsowe have,

f(lo) =2

As,

Klinol_f(x) = Klln[}( f(x) + f(o)

Therefore, f(x) is discontinuous at x = o.

Question: 7

Solution:

Let n be any integer



[x] = Greatest integer less than or equal to x. CLAssz4

Some values of [x] for specific values of x
[31=3

[4.4]1=14

[-1.6] = -2

Therefore,

Left hand limitat x = n

Jim £ = i (] n - 2

Right hand limit at x =n

Kli][lllb f(x) = g]?-':lllf (X]=n

Also, f(n) = [n] =n

As \lll'rlll_ f(x) = \lll}}, f(x)

Therefore, f(x) = [x] is discontinuous at x = n.
Question: 8

Solution:

Given function f(x) =
(2x—1),ifx<2;

3x . i
Left hand limit at x :{2 ?'If‘\' =2
lim f(x)= lim (2x~1) =a(2) -1 =3

Right hand limit at x = 2

3(2)

; . 3x
lim f(x) = lim = =
x—2* x—2 2 Z
Also,
3(2)
fla)=—=3
As

lim f(x)= lim f(x)=1f(2) =

Jim f(x) = lim, f(x) = (2) = 3
Therefore,

The function f(x) is continuous at x = 2.

Question: 9

Solution:

xifx = 0;

Given function is f(x) = {1 o n

Left hand limitatx = o
KE“E‘—f(") = AE‘[}J flo—h)= 11}141.1}) f(-h)-o

Right hand limitat x = o



00 = im0+ 1) = fn (1) o CLASS24
Also,

f(lo)=1

As,

li“él— f(x) = xl£1101+ f(x) = f(0Q)

f(x) = x for other values of x expect o {(x) = 1,2,3,4...

Therefore,

f(x) is not continuous everywhere expect at x = 0

Question: 10

Solution:

(x*-x*+2x-2),ifx=1;

Given function f(x) = Y( AR

Left hand limit at x = 1: XI_”T'_[(}*) = “1_1._”11_(-‘3 —x*+2x-2)
= %in‘l}{(l —-h)*— (1-h)?*+2(1—h)-2}
— 1i i 3 __1; — 2 . _ A
= Ll!_l(l)(l h) Ll-[-](';“ h)? + 7_:_!.11.5‘1( il =1} =7
=1—-1+2-2
=0
Right hand limit at x = 1: ‘l?_“ll,f(-‘} = _11‘1111‘(33 ¥ 4
= %in}){(l +h)®— (1+h)*+2(1+h)—2}
= lim(1+h)® = lim(1+h)*+2lim(1 +h) -2
h—o0 h—o0 h—o
=1-1+2-2
=0
Also, f(1) = 4
As we can see that,
K1_1‘11}_f(1~c) = xll“f+f(") + f(1)
Therefore,
f(x)is not continuous atx =1
Question: 11
Solution:
Given function f(x) = |x| + |x - 1]
A function f(x) is said to be continuous on a closed interval [a, b] if and only if,
(i) fis continuous on the open interval (a, b)
(if) KIEB f(x) = f(a)

(iii) liILl_ f(x) = f(b)



Let’s check continuity on the open interval (-1, 2)
As-1<x<2

Left hand limit:

xEl_l}_f(x) = Ligg{lfl =h| +[|(~1-h) - 11}
=|-1-0| + |(-1-0) — 1|

=1+2

=3

Right hand limit:

xlilék f(x) = Lif_t(:}{lz +h|+[|(2+h)—1]|}
=|z| + |2 - 1]

=2+1

=3

Left hand limit = Right hand limit
Herea=-1andb =2

Therefore,

le_I}j(x) = EDE,{I_I +h| + (-1 +h) -1}
=|-1+ 0| + |(-1 + 0) - 1]

=|-1] + |1 - 1]

= 1 s

Alsof(-1) = |-1| + |-1-1| =1+2=3
Now,

Klily_f(x) = LIE% fl2—h|+ |(2—h) — 1]}
=|z-0| + |(2 - 0) -1]

[ 2] +]2-1]

=2+4+1=3
Alsof(2)=|2|+|2-1|=2+1=3
Therefore,

f(x) is continuous on the closed interval [-1, 2].

Exercise : 9C

Question: 1
Solution:

Given:

f(x) = x3

If a function is differentiable at a point, it is necessarily continuous at that point.

Left hand derivative (LHD) atx = 3

f(x)-f(3) lim f(3-h)-f(3)

lim
- h—0 (3—h)-3
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. (3-h)?-37
— lim* )
h—0 (3-h)-3

= ][Jilﬁt‘l ) L lim — R M43 h)+a} CLA5524

[+] —h h—o h

= }115% —{(3-m)?+3(3—-h)+9} = Lig}) — [-{-(3—-h)>—3(3—-h)-9}]

= Liné —{-h*+9h—27) = Lin(n} h®—9h+ 27 =07 —9(0) + 27 =27

Right hand derivative (RHD) at x = 3

. fix)-1(3) . f(3+h)-f(2)
lim ———— = lim————
x—3t x—3 h—o (3+h)-3
. (3+h)?—-3? . (3+h)®—27 . h{(3+h)3+3(3+h)+9}
= lim = lim = lim—m——
h—o (3+h)-3 h—o h h-0 h

= 1113_:‘1){(3+ h2+3(3+h)+9}= Li_:}é(3+ h}*+3(3+h)+9

=lim{h* + 9h + 27} = 0% + 9(0) + 27 = 27
LHD = RHD

Therefore, f(x) is differentiable at x = 3.
_Lig;f(x) = 1\19; x*=3%=-27

Also, f(3) =27

Therefore, f(x) is also continuous at x = 3.
Question: 2

Solution:

Given function f(x) = (x-1)/3

LHD atx =1

1 1
! p f(x)-fi1) . f(1-h)-f(1} A (1-h)-1Y3(1-1}3
lim f(x) = lim ——— = lim — — Jim{—— -
N—1 x—1" x it h—0o (1-hj-1 h--0 (1-hj-1

) L =
= lim (-h)a(0)a _ 0 _Not defined
h—0 -h o

RHD atx =1

4 4
. . fix)-f(1 . f(1+h)-f(1) . {(1+h)-1}a(1-1)3
lim f(x) = lim e = lim )
x—1t x—1t x-1 h—0 (1+h)-1 h—0 (1+h)-1

P!
=lim (zh)2(0})3 _ 0 - Not defined
h—o —h

Since, LHD and RHD doesn’t exists

<

Therefore, f(x) is not differentiable at x = 1.
Question: 3

Solution:

Let a be any constant number.

Then, f(x) = a

. f{x+h)—f(x
f'(x) = lim flerh) G0
h—0

We know that coefficient of a linear function is
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N =X,
Since our function is constant, y; = ¥
Therefore,a = o

Now,

a—-a 0
f'f{(x)=lim— = lim-=1lim0=0
( ) h-0 h —0h h—0

[~1=1

Thus, the derivative of a constant function is always o.
Question: 4

Solution:

Left handlimitatx =5

lim[x =5 =Ilim(5-x)=0

X—3 X—5

Right hand limit atx = 5

xli”:—}JX -5 = iijlé(x— 5)=0

Alsof(s)=|5-5|=0

As

lim_f(x) = lim (%) = f(5)
Therefore, f(x) is continuous at x = 5

Now, lets see the differentiabilitv of f(x)

LHDatx =5

I fix)—f(5 . H{5—h)}—£(5) . |34(5-h)|-|5-5] .

lim B _ iy SRR ;) SR> SR
x—5" X5 h—0 5-h- h— 0 =ln h—0
RHDatx =5

: f(x}-f(5 . f(5+h)-f(5 . {l3+h1-3}-]3-3 . h

lim gl - lim Dih) = lim—="——22>_ lim—-=1
x—5F x-5 h—0 5+h-5 h—0 h h—0h

Since, LHD = RHD

Therefore,

f(x) is not differentiable at x = 5
Question: 5

Solution:

Left hand limit at x =1

3[:1[1“— f(x) = Lilrlx =1

f(x) = x is polynomial function and a polynomial function is continuous everywhere
Right hand limit at x =1

i;ilgif(x) = LiE}(Z —x)=02-1)=1

f(x) = 2 - x is polynomial function and a polynomial function is continuous everywhere
Also, (1) =1

As we can see that,



LLHP- f(x) = Ellllf(x) = f(1)
Therefore,

f(x) is continuous at x =1

Now,
LHDatx=1

. Rx)—f(1 .ox—1 1 .

lim -1y _ lim*= = lim-= lim1=1
x— 1" X— x— 1 x—1 x—11 x— 1
RHD atx =1

. HEIES {P1 . 2-x—(2-1 . 2-x-1
lim, — 50 lim — L lim =
x— 1t x-1 x—1 x-1 xX—1 X-—

. 1 .

lim—== lim—-1=-1
x— 1 x— 1

As, LHD = RHD

Therefore,

f(x) is not differentiable atx = 1

Question: 6
Solution:

Left hand limit at x = 2

lim f(x)= limf(2—h) = lim[2—h] = lim 1 =1
x— 2" h—0 h—0 h—0

Right hand limit at x = 2

Klln:l+ f(x) = }l]l_l_l})f(l +h) = 1111_1_1},[2 +h] = 1111_1'1}) 2 = 2

As left hand limit + right hand limit

Therefore, f(x) is not continuous at x = 2

Lets see the differentiability of f(x):

f(2—h) —f(2)

LHDatx =2
f(x) - ((2) f(x —h)—f(2)
lim ——— = lim —
x—2" X—2 h—o (x—h)-2
i 1-2
- In
. (-1) B
fim =
RHDatx =2
lim w = lim BRHIE gy

x—2t  x-2 h—0 (x+h)-2
0

lim -= 0

h—0 b

As, LHD = RHD

Therefore,

f(x) is not derivable atx = 2

Question: 7

Solution:

h-o0

h—0

f2+h)-f(2) _

(2+h)-2

(2—h)—2

lim
h—o0
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(1—x),whenx < 1;
(x*—1),whenx = 1.
Left hand limit at x = 1:

Given function f(x) = {

Lim f(x) = lim(1 —x})=1—-1=0
x— 17 x— 1

Right hand limit at x = 1:

EI}LHX) = ]l(ilnl(x: -1)=1*-1=0
Also,f(1)=12-1=0

As,

:‘I;h{lf f(x) = ‘Pdml;r f(x)= f(1)

Therefore,

f(x) is continuous atx =1

Now, let’s see the differentiability of f(x):

LHD at x = 2:

. f(x)-f(2) - (1=x){1-0) . 1-x—1+2 R (=—2)
Lim ——= = lim————— = lim = lim —
x— 2~ x—2 x— 2 <—2 x—2 x-2 x—2 x-2
=lim—-1= —1

x— 2
RHD at x = 2:

. f(x)-f2) . (x¥-1)—(2%-1) . x°—1-3
Lim ——= = lim — H = lim = lim
x—2t x-2 x— 2 x—2 w2 x—2 x— 2 X—2

. x3-27 . (x—2)(x+2} =
= lim = lim —— = |lim(xt2)=2+2=4
x—2 X— X— 2 -2 x— 2

As, LHD # RHD

Therefore,

f(x) is not differentiable at x = 2
Question: 8

Solution:

(2+x)ifx=0;

Given function f{x) = {(2 —x)ift< 0

LHD atx = o:

. fix)-f{o) . (2-x)-(2) .
Lim ——— = lim = lim —
x— 0~ x-0 x—0 x-0 x—0 X
=lim—-1= -1

x—0
RHD atx = o:

. f(x)-f(0) . (24x)-(2) i .
Lin, — = lim—/—/== lim>= liml=1
x— 0t x-0 x—0 x-0 X—0X X— 0

As, LHD + RHD
Therefore,

f(x) is not differentiable at x = o



Question: 9 CLA5524

Solution:
Given function is {(x) = |x|

LHD at x = 2:

L f(x)—f(2 - f(2—h)—f(2) . |2—h|-2 . —h
Lim feof@) lim ez lim izl lim —
x— 2" x-2 h—0 2-h-2 h—0 ~-h h—o0-h
liml=1

h—0

RHD at x = 2:

Lim fx)-f(2) .. f(2+h)-£(2) lim I2+h]-12] lim h
xa2* x2  heg 2+h2  hoo h " h-oh

liml=1
h— 0
As, LHD = RHD

Therefore, f(x) = |x| is differentiable at x = 2

. f(x+h)—f(s . l2+h|-]2] . h .

Now "(2) = lim Gl lim = = lim Y = lim 1 =1
h—o0 h h—0 h—oh h-o

Therefore,

' (2)=1

Question: 10

Solution:

It is given that f(x) is differentiable at each x ¢ R
Forx = 1,

f(x) = x2 + 3x + ai.e. a polynomial

forx > 1,

f(x) = bx + 2, which is also a polynomial

Since, a polynomial function is everywhere differentiable. Therefore, f(x) is differentiable for all x
> 1 and for all x < 1.

f(x) is continuous atx =1

iijl} f(x)= ,!i_E];1+ f(x} = (1)

Linlz(x2 +3x+a)= lin}(bx+ 2)=1+3+a
12+3()+a=b(1)+2=4+a
4+a=b+=2

a—-b+2z2=o0..01)

As function is differentiable, therefore, LHD = RHD

LHD atx = 1:

. fix)-f(1) . x%+3x+a—(4+a) . %7 43x-4 L (x4 4)x-1)
Lim —— = lim———— = lim = lim
x—1" x-1 x—-1 x-1 -1 x-1 x—1 x—1

=liu}(x+4): 1+4=5
—

RHD atx = 1:



Lim f(x)-f(1) — lim (bx+2)-(44a) — lim bx-2-a — lim bx-b
x—1" x-1 x—1 x-1 x—1 x-1 x—1 x-1
= limb=D

x--1
As, LHD = RHD
Therefore,
5=D

Putting b in (1), we get,
a-b+2=o0
a-5+2=0

a=3

Hence,

a=3andb =5

= lim

b(x-1)
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x—1 x-1
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