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Chapter 10 Differentiability Ex 10.1 Q1
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f(x)=le- 3
~ -(x-3), ifx <3
_{X—3 , ifxz3
fi3)=3-3=0
LHL = fimm F(x)
x-3

=£.l_r;r6f[3—hj
=£.f_r3703—[3—h)
=m0
A0
RHL = fim f(x)
ve 3t
=£.l'_r3?0f[3+h)
=fim3+h-3
k=0

=10

LHL = £3) = RHL

f(x) is continuous atx = 3

Flx)-Fi
[LHD atx =3) = fim M
x-37  x-3
. F[3-k)-113)
=g nea
o 3-j3-A)-0
"ff% -h
—I.l'mh
_.ﬁ'—}DE
]
Flx)-f
(RHD atx =3) = iim M
-3+ x =3
i3RI 113)
b= 1+h-13
=Ia'm3+h_3_n
k=0 h
. h
= lim—
h=0h
=1

(LHD atx =3) = [RHD atx = 3]

f(x) is continuous but not differentiable atx = 3.
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Chapter 10 Differentiability Ex 10.1 Q2

f(x):xS

= Mot defined

(RHD atx = 0) = Jim fixl-rio)
z=0" x -0

(o -
o FlO+)- (D)
40  0O+hkh -0

= lim h®-a
_.";—rD R
__2
=limh?=
]

= Mot defined
Since,
LHD and RHD does not exists atw =0

Fix) is not differentiable atx = 0

Chapter 10 Differentiability Ex 10.1 Q3

12x - 13, ifw =3
f(x)= 932 )
X<+ 8, ifw=>3
(LHD atx = 3) = fim fx-riE)
=T H—-3
Fla-h1-F(3
i B2 F(3)

] 3-h-3
[12(3-h)-13]-[12(3) - 13]

= fm “h
i 36 -18h - 13- 36 +13
=
k=0 -h
—."J'm—_lzh
_.";—rD -h
=12
Fx)-F(3
(RHD atx = 3) = fim ) G
xaat N =3
- fim F(3+h)-7(3)
h= 0 X -3
2la+h?)+5|-[12(31- 13
o 28] -[12(3) - 13]
A0 I+h-3
P 18+12h+2h°+5-36+13 @
=
h=0 h

MO,
(LHD at x = 3) = (RHD at x = 3) %
f(x) is differentiable atx =3

Frixy=12 . OQ KQ
Cha i iabili . \\ @
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A -2 , D<x sl

f(x)= ow?_ x ,lexe2

- ﬁﬂ[z(z—h)z— [E—h)]

=8-2

RHL = fim fx)

X

=l f (2 + h)
h=0

=limE(2+h)-4
b
-6
LHL = £(2) = RHL
flx) is continuous atx = 2

(LHD atx = 2) = fim fx-rE
=2 -2

i (2= (2)
A0 2-h-2

[z(z—hjz—(z—hﬂ—[a—zj

= fim

k=0 -h
p B-8R+2h%-h-§
=fiypy =" ="' ' =
h=0 -h
. 2k?-Bh
= lim
A=0 —h
h _
- [2h-6)
A—0 -h
= lim (6 - 2h)
— 0

Flx)-Fl2
(RHD atw = 2:] = M M
RS =2

Fla+h)-rf(2)
M 2Rz
=£ﬂ[5(2+h)_h4]_[8_2]

. _10+5h-4-n
=l —_——" "
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f(x) = |[%|+|x-1] in theinterval (-1, 2).

X+ %+ 1 -1lzx<0
fx)=41 D=x=l
—x—-x+1 laexe2
2¢+1  -1ax<0
fx)=41 D=x=1
2%+ 1 laxa2

We know that a pdynomial and a constant function is continuous and differentiable everywhere.
So, f{x) is continuous and differentiable for x e[-1, 0}, x (0, 1) and (1, 2).

We need to check continuity and differentiability at x = 0 and x = 1.
Continuity at x = 0

lim f{x)=lim2x+1=1

s s

lim fix)=limi=1

=0 W=

f{o)=1

130 = g )= 9

~ flx) is continuous at x = O
Continuity at x = 1
limf[x)=1liml=1

= I =17

limf{x)=1limil=1

= I Ha 1+
F(1) - 1

g 70 - g 041 - 1)

o f{x) is continuous at x = 1.

Differentiakility at x =0

ffx)-f{o -

(LHD atx=o}=|imM=|imM= lim =X - 2
fredi w — [ =P w = =

(RHD at x = 0= 1im = FO)_ 121y O
s w = el HsF

~ [LHD at x = 0) = (RHD at x =0)

So, f(x) is differentiable at x = 0.

Differentiability at = = 1

(LHD atx = 1) = i I F 121
Ho b -1 [ 2 e |

(RHD atx=1]=|imm=limM_m
Ha 1t w1 Halr w—1

fLHD at x = 1) = (RHD at x = 1)
So, f{x] is not differentiable at x = 1.

So, f{x) is continuous on (-1, 2) but not differentiable at x = 0,1

Chapter 10 Differentiability Ex 10.1 Q6
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X, X2
flx) = 2-x, 12x=2

2+ 3- %, K2

Differentiability at = = 1

LHD at x = 1) = Iimm= lim 221y
=1 w-1

(RHD at x = 1) = fim (I 2oxtdox
x=1t w-1 =1t w-1 w1t x—1

LfLHD atx = 1) = (RHD at x = 1]
So, f{x) iz not differentiable at x = 1.

Differentiability at x = 2
(LHD at x = 2) - lim P72 2ox-0 2
%2 M2 w2 X -2 w2 W — 2
fl=)-ff2 - RV 1- -2
(RHD at x = 2} < lim I =TB) 223020, (Box)f2)
w2t X -2 X2t ® -2 w2t X -2

—-1

-1

2 [LHD atx = 2) = (RHD at x = 2)
So, f{x) is differentiable at x = 2,

Chapter 10 Differentiability Ex 10.1 Q7(i)

f(x) _ {Xm sin [Xi], x =0

a] , =0

= Oxk [when - 1% & <1]

=Dk’ [Since -12k"£1]

[LHD atx = 0)=[RHD atx = 0)
fx) is differentiable atx = 0

Chapter 10 Differentiability Ex 10.1 Q7(ii)
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LHL =l f (%)
=0

= lmf(0-h)
]

= lim (—h)m sin [— EJ
h=0 h

= —fm(—h)m sin [l]
0 h
= Oxk [When -1<k £1]
-0
RHL = lim f(x)

X
= lim (El + h)
h=0

= im0+ h)m sin
h=0

. 1
= ﬁﬂhmsan[gj
=0xk’ [Where —1<k‘<1]
=0
LHL = £{0) = RHL

1
(O+H)

f(x) is continuans atx =0
For differentiablility atx =0

(LHD atx = 0)= lim flx)-Fio)
P x -0
-

= lim- (—h)m'l sin [1]
k=0 f
= Mot definded [Since 0<m<1]

(RHD atx = 0 = fim fix)=7(0)
= x -0

Flo+hR)-F(0)

=M —_f v
a‘:—'?qo O+h-0
h™ sin [lJ
= lim —h
k=0 h

Chapter 10 Differentiability Ex 10.1 Q7(iii)
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LHL = fim f(x)

r—=0"
=limi(0-k)
b=
=lim (—h)m sin [— i]
h=0 R
= Mot defined asm£0

fim
i ()

RHL

limm £{0+F)
h=0

i sn[ L
—ia_rz*?uh sm{hJ
= Mot defined,asm =<0

Since RHL and LHL are not difined, so f(x) is not continuous

Letx =0 form £ 0.
o,

[LHD atx = 0)= /im

= firm- [—h)m_l sin [%J

h=0

= Mot defined,asm=s 0

RHD = lim M
x0f x -0

fio+H)y=-f (0
o FL0ER) £ (D)
k=0 O+h-0

K™ sin [Ej
. h
= i ————

h=0 il

= ia'_%(hm'l) sin [%]

= Mot defined,asm= 0

Thus,
f(x) is neither continuous not differentiable atx = 0 for m 2 0,

Chapter 10 Differentiability Ex 10.1 Q8
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%2 43x+a, ifxw<il
fix)= :
by + 2 S ifx »1

f -1
(LHD atx = 1) = m M
=1 K-1

o FE=R) - F(1)
A=0 1-h-1

i [(1—h)2+3(1—h)+a]—[1+3+a]

k=0 -k

(RHD atx = 1) = lim

= P

. h+bh+2-b-2
= lim

A—=0 h

Since f (x] is differentiable, so
[LHD atsx = 1) = (RHD atx = 1)
E=5

flll=1+3+a
=4+a3
LHL = fim f(x)

x=17t

=lim¥(1-h)
A0
) 2
=f—>mo(l_h) +3(1-h)+a

=4+3
RHL = Ia’mj(xj

=1

= N f(l +h)
A—=0

=lmb{l+b)+2
b=0

=bh+2

Chapter 10 Differentiability Ex 10.1 Q9


http://cbs.wondershare.com/go.php?pid=5239&m=db

https://millionstar.godaddysites.com/

l2x -3|[x], xz1
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. [mx
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Flx)=1-(2r-3) , 1%

3 X
el ) 1
-S'H’?(Q] X<

For continuity atx =1
fEl) = —(2.1-3) =1
LHL = fim F(x)
x=17

= imf(1-h)

g [222)

b=l
.
= sin =
2
=1
RHL = lim f(x)
PEY
-Ié'mf[1+h)
bl
= fim- (2(1+h)-3)
- -1(-)
=1
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LHL = f(l] =RHL
So, f(x) iscontinuous atx =1
For differentiablility atx = 1

Fla)-1(L
(LHD atx =1) = &im -7y
=00 x=1

F(1-h)-1
o 4 S g

(RHD atx =1) = .'J'mM
=1t x =1
) ,;.-mf':l*hj‘ (1)
A0 1+h-1
-[2(1+#)-3]-1
o o[2e)-3]
h=+0 h
_ fimo2-2h+3-1
=i h
=ﬁmﬂ
h=0 A
= -2
(LHD atx = 1) = (RHD atx = 1)

f[x) is continuous but differentiable atx = 1.

Chapter 10 Differentiability Ex 10.1 Q10

a?-b i <t
Her,e f(x)= 1 ,ifMEl

bl

—i ,ifx E-1

X

=lax?_h ,if —1lexs 1

L , ifsel

e
LHL = lim (&)

1 @
= lim £ (1- ) 0 N O
—imall-f)? - \
e Q)@b C}

i, () S Q
bt S°

T hs014h Q
= . OQ K
ince, flx) is continuous, so
) |_(|-|5)=RH5t ‘\\\ @fb

RHL
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i -f1
[LHD atx=1)= Ia'mM
x=1" -1

-~ f{1-h)-1
= i —=—
A 1-hH-1
2
I ke il
A0 _h

Using equation (i),
g+ah®-2ah-a+1-1
= lim
h=0 -h
_ ah®-2ah
=i —
b= -
= lim[2a- ah)
A0

=23

[RHD atx = 1) = fim Flx)-F (1)
FEY ¥-1

=,f,l'mw
A=D1+ k-1

=

Since f(x) is differentiable atx = 1,
[LHD atx = 1) = [RHD atx = 1)
23 =-1
-1
a=_
-1 . . )
Put 3= - in equation {i],
a-b=1
[‘_1]-.»5 -1
2
b="1_4

2

]

b

i1}
[} 0]
ol Lol
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MILLIONST /R

Ex 10.2

Differentiability Ex 10.2 Q1

Here, f(x) =52

iz apolynomial function so, itis differentiable atx = 2.
fiz -
Fla+h)-f(2)
h=0 h
2 +h)"- @)
h=0 h
L 4+hPrd4n-4
b= h
i 4h + h?
= lim
h=0 h
= lim (4+R)
h=0
-4
Friz)=4

Fi(2)=

Chapter 10 Differentiability Ex 10.2 Q2

Fix)= xZ_dx+7is a polynomial function, So it is differentiable everywhere.

(6] = g L(EER)1(5)
h=0 h
{[5+h)2 - 4[5+ h)+?} ~[25-20+7]
= Nm
A0 R
h2+254+10h-20-4dh+7-12

= iim
h=0 h

n—gmzwh-m-4h+?]-[47?-14+7]

= lim
A0 h

47?+h2+?h—14—4ﬁ+?—4;+14—?

h

Chapter 10 Differentiability Ex 10.2 Q3 @\ \/
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We know that, f(x) =2x% - 0x% +12x + 9 is 3 polynomial function, So, it
every where, Farx =1
f,(l)zfﬂfglmg-f(l)
[rlreny - s(ie 1zt en) e o]-[2-0+12+9]
=i h
. [2{t+n+3n24an)-0ft+h? +on)+12 4120 +9]-[14]
BL0 R
. [2+21% + 6h% + 6 -0 - Oh% - 18h + 12 +12h + 0 - 14]
A=0 h
. 2h® - 2R?
A0 h

(- ()

[2(2+n)7-8(2+n)" +12(12+h)+0]-[16-36 + 24+ 9]
f{2)=lim
h=0 h
[2fp+rP iz 4en®) - of4+h? 4 ah) 424412k +9]-[13]

= fim
k=0 h

h=0 h

fr(2) = - {if)
From equation (i) and {ii),

Fr =z
Chapter 10 Differentiability Ex 10.2 Q4

Dx)=axZ+7x - 4 and &' (5) = 97

[1(5+h)2+?[5+h)—4]—[251+35—4]

¢’(5]=Hm
h=0 H
1[25+h2+10h)+35+?h—4—251—35+4
o7 = lim
] Il
. 2EA+AAT+ 100k - 250+ Th
=m
k=0 h
—ah® +h(100 +7)
=fm—_— !
k=0 h
~ ffan+100+7)
=fm—— !
k=0 R
97 = 104 + 7
104 = 97 +7
3o 20
10
A=8

Chapter 10 Differentiability Ex 10.2 Q5
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Flx) =x%+7x%+8x - 9is a polynomial function. Sa, it is differe
Fla+h)-hi4)

Fris) = fim h
[(4+hj3+?[4+hj2 +8(4+hj—9}—[64+112+32— 9]
= lim
A0 h
. [64+h°+ 48h +125% +112+7h7 +56h +32+8h -9 - [210- 9]
) "
i AP+ 10h% +112h +210-9-210+9
=M
A0 h
i A% 1 19R% £ 112h
R T —
A0 R
h{h2+19h+112)
= lim
A0 h
Fr4) =112

Chapter 10 Differentiability Ex 10.2 Q6
Fixj=rmx+c
r [D +h) -f (D)

) - i

firl-h
i FIR-5()

A0 h
m[mh+c)—[mxu+c)
k=0 h
B mh+c-c

A_Tn h

Chapter 10 Differentiability Ex 10.2 Q7
2x+3if-32x -2
flx]=4 x+1if-22x<0
x+2if0=2x=1

Yie know that pcynomial funtona are continuous and differentiable everywhere,
So fix) is differentiable on x £[-3,2) , x e{-2,0) and x € {0, 1]
We need to chedk the differentiability at x = -2 and x =0

Differentiability at x = -2

(LHD atx = 2)= lim L97FC2)_ jy 2xe3e 1y 23 2) 5
w2 %-(-2] ws-r x+2 xez X+2

(RHD atx = -2} = fim (CFE2D_ ) xoled o o2
Hy=2" X—(—Q) ¥3=2" W+ 2 Hs=2" K+ 2

2 [LHD atx = -2) = (RHD at x = -2)

So, f{x) is not differentiable at x = -2,

Differentiability at x = 0

(LHD &t x = 0) = lim I=HO)_ g 22122y 221,
=0 x-0 X0 ® =0 x

(RHD at x = 0) = lim = POy xe2-2 i x
=0 ®X-0 w30 x %—30° %

L fLHD at x = 0} = [RHD at x = O)
Sa, f{x) is not differentisble at x = 0.

Chapter 10 Differentiability Ex 10.2 Q8
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we know that, modulus function
f(x)=|¢| is continuous but bot differentiable atx = 0,

So,
Fx) = |+ ¢ - 1|+ - 2|+ - 3|+ v - 4| is continuous but not differentiable
x=0,1,2,3, 4

Chapter 10 Differentiability Ex 10.2 Q9

1

<051

f(x) = fog I+
Since, it is an absolute function. So, it is continuous function,
The graph of the function is as below: -

Chapter 10 Differentiability Ex 10.2 Q10
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Fix)= k|
f(x)={e'x L, x <0
e ,x =0

For continuity atx =0
RHL = fim fx)
X—}D+

= lm f(0+H)
h=0

= fimel®)
b0
= limea"
h=0
= eD
RHL =1

LHL = fim f(x)
r=
= m¥f{0-h)
b0
= lime®H
b0
= lime"
h=0

1
f(D) =gl

LHL

Maw,

LHL = £(0) = RHL
So, f{x) is continuous atx =0
For differentiablility atx =0

LHD = fim

=0 X

X —_
=1 Sirce fim 2 1 1:|

RHD = lim

X —_
=1 Since fim £ 1 = 1:|
=0 N
Clearly,
LHD = RHD
So,

Fx) is not differentiable at x =0,

Differentiability Ex 10.2 Q11 60 ;\\'(')


http://cbs.wondershare.com/go.php?pid=5239&m=db

https://millionstar.godaddysites.com/ m B aeas

Remove Watermark g PDFelement
1
)= [x-c)cos = VKX RO
u} JK=cC
[LHL &t =) = fimv £ (x)
= lim f (=R

L]

L]

= lim (¢ —h—c)cos[c 1 ]

. 1
= f.'lf;_ ficos [— F]
= lim- hcos [1]
30 h
=0
[RHL at x =c) = fim 7 (x)

e

=limfc+h)

Ll

= lim (¢ +h—c)cos[
A0

. 1
- dphoos(7]
=0
flej=0

Since, LHL=f(x)=RHLatx=¢c
= f (x) is continuous atx =c
flo—h)-f(c)
-

1
c+h-c

[LHD &t x = ¢} = fim
L]

fFle+h)=f ()
h

1
i lc +h—c)cos(c+h_c]—0

A0 h

fhicos [l]
= lim h
Al h
=l cos [E]
hal h
=k
[LHD at % =¢)= [RHD atx =)

[RHD atx =) = fir
A

S0,
f (%) is differentiable and continuous at x = ¢,

Differentiability Ex 10.2 Q12
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-sinx , x<nm
gnx , xznm

F () = |sinx| =

For x = rm(r even)

(LHD &t x = rm) = n'mj () = F [ram)
¥am ¥ —rm

- sin [rm - /) - sinna

(RHD at x = ) = fip SR+ 1) - sinna
L]

[LHD at x = rm) # [RHD &t x = r)
Forx =rm [nis odd)

(LHD &t x = ) = i 30078 = F) = sinnx

Ll _h
- lim - sinh
a0 —f
=1

(RHD 3t = ) g S8 A=
h=30

B
— sinfi-0
ke R
=-1
[LHD at x = fim) = (RHD at x = fa)
Thus,
f (%) = |sin x| is not differentiable at x = rm
f (%) = cos|x|
Since, cos(-x) = cos x
= f(x) =cosx
= f () = cos x| is differnetiable everywhere.
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