RD Sharma Solutions for Class 12 Maths Chapter 10
Differentiability

EXERCISE 10.1

Show that f (x) = |x — 3| is continuous but not differentiable at x = 3.

Solution:
Given f (x) = |x— 3|

Therefore we can write given function as,

foo = |
Butf(3)=3-3=0
HL - lim 7(x)

—(x—3),x <3
x—3,x=3

=LIE%3_ (3—h)

lim 0
= h—=0

Now consider,

lim f(x
F{HL:X—*?-f{ )

) Llﬂnf@ + n)

lim3 + h—3
— h—=0

=0
LHL = RHL = (3)

Since, f(x) is continuous at x=3
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lim flx)=f(3)
IlHD atx=3 =x-3~ -3
lim f(3-h)—f(3)
=h-0" 32-h-3
. 3—(3-h)-0
M=
_fim

lim flx)-£(3)
RHDatx=3=x-3% x-3

. f(3 +h)=f(3)
— hl_lgl-i- 3 +h-2

].l 3+h—-3-0
= h—{ln" h
h
lim -
=h-—0th

IHD atx=3=RHD atx=3

Hence, f(x) is continuous but not differentiable at x = 3.

1. Show that f (x) = x /3 is not differentiable at x = 0.

Solution:
For differentiability,

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

lim flx)-f(0)
(LHD atx=0) =x—-0" x—0

lim flo—h)—f(0)
= h—=0" 0-h-0
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-3 h
= Not defined

lim flx)-f(0)

(RHD atx=3) =x—0% x-0

— h—0— 0+ h—0

lim h=

= h—=0

= Not defined

Since, LHD and RHD does not exist at x=0
Hence, f(x) is not differentiable at x =0

12x — 13, if x < 3

22 + 5, if x> 3 is dif ferentiable at x = 3. Also, find f (3)

3. Show that f(x) = {

Solution:
Now we have to check differentiability of given function at x =3
That is LHD (at x = 3) = RHD (at x = 3)
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lim flx)-£(3)

(LHD atx = 3) =x-37 x—3

lim fB3-h)-f(3)
= h—0" 3—h-3

llI'ﬂ [12{3—&]—13]—[12{3 ]—13]
= h—0" —h

36-12h—-13-36+ 13

lim

= h—-0" —h

lim =X2f
= h—0" —h

=12

lim flx)-f(3)

(RHD atx=3) =23+  x-3

. fB+h)—f(3)
= hl—lslgl+ 3+h-3

lim [2(2+ h?) +5]-[12(3)-13]
= h=0 1 3 +h—3

. 18 + 12h + 2h® +5-36 + 13
lim
=h—=07t h

lim 2h® +12h
= h—*0+ h

. h(zh +12)
_ i, B
=12
Since, (LHD at x =3) = (RHD at x = 3)
Hence, f(x) is differentiable at x = 3.

4. Show that the function f is defined as follows
3r—2,0<x<1
flx) =422 -2, 1 <z <2
Sr —4, « > 2
Is continuous at x = 2, but not differentiable thereat.



RD Sharma Solutions for Class 12 Maths Chapter 10
Differentiability

Solution:
Given

3r—2,0<ax<1
fle)=<¢22? -z, 1< <2
Sr —4, & > 2

Now we have to check continuity at x=2
For continuity,

LHL (at x = 2) = RHL (at x = 2)
f(2)=2(2)*-2

=8-2=6

| HL = lim,_5- f(x)
_limy_o-f(2—h)

_lim;, Lp-[2(2 — )= (2—h)]
=8-2

=6

RHL = im,_o+ f(x)

_lim;_,+ f(2 + h)

limy,_o,5(2 + h)— 4

=6

Since, LHL=RHL=f(2)

Hence, F(x) is continuous at x = 2

Now we have to differentiability at x =2
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lim flx)-f(2)

(LHD atx = 2) = x-27 x—2Z

lim f2-h)-f(2)
= h—=0 2—h-2

lnll[2{2—&]2—{2—¢ﬂ]—[8—2]
= h—=0 —h

., 8-8h+2h®-h-6
lim
= h—0 —h

2h%—6h

lim

= h—0 -

. hi2h—&
lim h(zh=6)
= h—=0 —h

_ .leIE%h(E —2h)

=6
Now consider,

lim, flx)-f(2)
(RHD atx=2)=x-2 e

. f(Z+h)=f(2)
—h—=p 2+h-Z

Since, (RHD at x =2) # (LHD at x = 2)
Hence, f (2) is not differentiable at x = 2.

5. Discuss the continuity and differentiability of the function f (x) = | x| + |x -1] in the
interval of (-1, 2).

Solution:
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The given function f (x) can be defined as

1,0=x=1

rf+ x+1,-1<x<0
flx)="—x—x + 1,1<x<?2

,0=x=1

,EI-I- 1,-1<x<20
f(x) = —2x + 1,1 <x<?2

We know that a polynomial and a constant function is continuous and differentiable

everywhere. So, f(x) is continuous and differentiable for x €

(-1,0)and x € (0, 1) and (1, 2).
We need to check continuity and differentiability at x=0and x = 1.
Continuity atx=0
lim,_o-f(x) = lim, _o-2x + 1_4
lim, o+ f(x) = lim,_o+1_4
F(O)=1
lim,_,-f(x) = lim,_o+ f(x) = f(0)
Since, f(x) is continuous at x =0
Continuity at x =1
lim,_,-f(x) = lim,_-1_4
lim,_;+ f(x) = lim,_;+1_4
F(1)=1
logyo+ f(x) = logy.o- f(X) _q

Since, f(x) is continuous atx=1

Now we have to check differentiability at x =0
For differentiability, LHD (at x=0) = RHD (at x=0)
Differentiability at x =0
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lim flx)-f(0)

(LHD atx =0) =x-07 =0

2xr+1-1

lim

= x—0" x-0

lim zx
= x—0" X
=7
lim Flx)l—f(0)

(RHD atx=0)=x-0* =x-0

. 1-1
_ i,

. 1]
25t

Since, (LHD at x =0) # (RHD at x =0)

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

Now we have to check differentiability at x =1
For differentiability, LHD (at x =1) = RHD (atx=1)
Differentiability at x =1

Ben flx)-f(1)

(LHD atx=1)=x-1~ -1

. 1-1
lim —
—x—1"x-1

=0

lim flx)=f(1)

(RHD atx=1)=»-1% =x-1

. —-2x+1-1
lim ———
=x-1% x—-1

oD

Since, f(x) is not differentiable at x = 1.

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