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5.2 Differentiability

(Previous Year Questions solutions from 2008-2025)

MCQ’s :
1.

2
The value of k for which function f (X)—{X » X20 4o differentiable at

kx, x<0
=018
(a) 1 (b) 2
(¢)  any real number d 0
2.

Iffilx) =2|x]| + 3|sin x| + 6, then the right hand derivative of fix) at x = 0
1s :

(a) 6 (b) 5
(c) 3 d) 2
3.

The function f(x) = x | x |, x € R 1s differentiable

(a) onlyatx=0 (b) onlyatx=1
(¢ inR (d) in R-—{0}
4.2024

The number of points, where fix) = [x], 0 < x < 3 (['] denotes greatest
integer function) is not differentiable is :

A) 1 (B) 2
) 3 (D) 4
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Iffx)= | x| + | x—1 |, then which of the following is correct ?
(A) f(x) is both continuous and differentiable, at x = 0 and x = 1.
(B) f£(x) is differentiable but not continuous, at x = 0 and x = 1.

(C) f(x) is continuous but not differentiable, at x =0 and x = 1.

(D) f(x) is neither continuous nor differentiable, at x =0 and x = 1.

If fix) = {[x], x € R] is the greatest integer function, then the correct

statement is :

(A) fis continuous but not differentiable at x = 2.

(B) fis neither continuous nor differentiable at x = 2,
(C) fis continuous as well as differentiable at x = 2.
(D) fis not continuous but differentiable at x = 2.

Let fix) = |x|, x € R. Then, which of the following statements is
incorrect ?

(A) fhas a minimum value at x = 0.

(B) fhas no maximum value in R.

(C) fis continuous at x = 0.
(D) fis differentiable at x = 0.

8.
Let fix) = x2, x e R. Then, which of the following statements is
incorrect 7
(A) Minimum value of f does not exist.
(B) There is no point of maximum value of fin R.
(C) fiscontinuous at x =0.
(D) fis differentiable at x = 0.
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a. Modulus function :
1.a

Check for differentiability of the function f defined by
f(x) = |x — 5|, at the point x = 5.

Sol.
pD < g g TS
X5 x—5 x5 x—&
Ix—5/-0 (x-5)
RHD = lim = lim =
=5t X—9§ =5 xX—=5

LHD # RHD, ..f is not differentiable at x=35
| prepared by : BALAJI KANCHI

1.b

Show that the function f(x) =|x — 3|, x € R, is continuous but
not differentiable at x = 3.

l.c
Check the differentiability of f(x) = |x — 3| at x = 3.

2.a

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

2.a

The number of points of discontinuity of f defined by f(x) = |x| — [x+ 1] 1s

2.b

If function fix)=|x—-3| + |x—4|, then show that flx) is not
differentiable at x = 3 and x = 4.
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Show that the function fix) = |x — 1| + |x + 1|, for all x € R, is not
differentiable at the points x =—1 and x = 1.

2.C

If f(x) = 2| x|+ 3|sin x| + 6, then the right hand derivative of f(x) at x =0

18

3.a

Show that the function f(x) = |x|? is differentiable at all points of
its domain.

Sol.
?
X* x = 0
(b) f(x) = { B =
%% 2 <0
Atx =0
i LOO=R=F(0) o (RSY ol
D === = ) B =

_ iy LCOHT0Y i (PPN s 2y _
RHD = lim —11m(h) fllllrg(h)—o

h—0 h h—0

~ LHD =RHD at x = 0; when x # 0, {(X) is a polynomial and hence differentiable.

~ f(x) is differentiable at all points. [prepored by : BALAJI KANCHI |
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Check whether the function fix) = x? |x| is differentiable at x = 0

or not.

3.b

Sol.
3
x> ,x >0
f(x) = { .
() —x3, x<0
RHD = lim L2V O — jim K2 =0
h—0 h h—=0
. (0-h)-f(0 i
LHD = %ll_I’l(}f_—hf{) = H_I}(}(—hz) =0 prepared by : BALAJI KANCHI

“ RHD = LHD = 0, So f(x) isdif ferentiable at x = 0
3.c 2025

Check the differentiability of function f(x) = x| x|at x = 0.

Sol.
= 2=

f(x>:x|x|={ :

X

LHD=Ilim =lim ={)
h—=0 — h—=0 —h
0+h)- (0 £

RHD:Iimf( L ) ‘f( )=limu:0
I—0 h h1—0 h

Since LHD=RHD, f isdifferentiableat.x =0

[ prepared by : BALAJI KANCHI |
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Check the differentiability of f(x) = | cos x‘ at x = %

3.d

Sol.
COSX 0£x & %
f(x) = |cos x| =
l I — COSX g XX
 fE-h)-f& . cos(Z-n)-0
LHDatE = lim (2 ) 2 = |lim (2 ) — 11m5mh=—1
2  h-0 —h h—0 —h h—0 —h
|propuredhv: BALAJI KANCHI |
f(= +h)—f(=) —cos(=+h)-0 i
RHDatE=lim@=lim (3 ) =limﬂ=1
2 h—0 h h—0 h h—oo h
LHD # RHD

.. f is not differentiable at x =

o3
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b. Greatest Integer function :
4.a

Prove that the greatest integer function defined by f(x) = [x],0 < x < 2 is not
differentiable at x = 1

4.b

Check the differentiability of function f(x) = [x] at x = — 3, where [*]
denotes greatest integer function.

Sol.

f(x)=[x]atx=—3

RHD = lim f(=3+h)-f(-3)
h—0 h

== hIn_B__(_B} =10
h—0 h

LHD = Jim £&320-/C3)

h—0 —h
= Jim === Jim (37)
= not defined
+ LHD # RHD [prepared by : BALAJI KANCHI |
So fis not differentiable atx = —3

4.c

The greatest integer function defined by f(x)=[x],0<x<2 is not
differentiable at x =
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5.

Iff(x) = |tan 2x |, then find the value of f'(x) at x = g

Sol.

(x) = —tan2 H< <H
f(x)= anx,4 X 5

)= —258c%2%, §< X <%

f’(g) = —2(~2)2 = —8 | prepared by : BALAJI KANCHI

C. Algebraic function :
5.2024

X2+1, DL£x <1

Check the differentiability of f(x) =
3—-x, 1<x<2

Sol.
LHDatx =1
=1 = £(1 i) i |2
:limf( ?] f( ):lim[( ) ] =
h—s0 —h h—0 —h
RHDatx =1
- 3—(1+h)|-2
=1imf(l+h) ‘f(-l)zlim[ ( ?)] ==]
h—0 h =0 h

as LHD#RIID,so f(x) is not differentiable at x =1

|prepured by: BALAJI KANCHI
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5.2 2023
¥ ifx>1 i : :
If f(x) = : , then show that f is not differentiable at x = 1.
x , fx<l1
Sol.
Here
_lim ra+h)-f) 5
RHD oo n - 2
_ lim [fa-m-f]_
0 [-1

Since RHD #L.HD

= fis not differentiable at X = 1. |preparedby: BALAJI KANCHI

5.b 2025

2x-3 ,-3<x<-2
i f(x)“{x+1 , —2<%s0

Check the differentiability of f(x) at x = - 2.
Sol.

Lf!(_z) — %il%f(_z_’i)h_f(_z) (h > 0)

. 2(-2—-h)-3-(=7)
= [

h=0 —h

=lim2 =2

h—0

Rj.!(_z) — Eﬂ% f[_2+h;_f{_z) (h > 0)

_ o —2+h+1-(=7) [preparea by : BALAJI KANCHI |
= i h

. 6+h . S .
= [im — which does not exist, 1.e., RHD does not exist.
h—=0
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Theretfore, the function is not differentiable at -2.
Note: (1) If a student finds only RHD and concludes the result, full marks may be awarded.

(2) If a student proves that the function is discontinuous at -2 and hence not differentiable at

-2, full marks may be awarded.

5.c

Find whether the following function is differentiable at x = 1 and x = 2

or not :
X, x<1
f(x)= 2—x, 1<x<2
~ BB -2 X2
Sol.

LHDatx=1:lmm (X_l) = ]

x>l

RE Dt =16 e —
S & |

-1

.. T 1s not differentiable at x =1

EEDaE=2, fifn 252 = -
227 X—2

RHDaIX:21lin] Mz m — (X_]')(X_z) s =]
x—2" (X - 2) X—2" (_X ~—9 )

& T dift at =2
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Examine the following function flx) for continuity at x=1 and
differentiability at x = 2.

5.d

5x—4 , O<x«<l
fix)=| 4x* -8x , 1l<x<2

3x+4 x>2

d. finding unknown coefficientsa & b :
6.a

Find the values of a and b so that the following function
is differentiable for all values of x :

{ax—i—b , x>-1

f(x) =
bx®-3 , x<-1

sol.

Since Differentiability = Continuity
f(x) is continuous at x=—1 = lim (I)x2 - 3) — lim‘ (ax + b)

-1 -1
=>b—-3=-a+b, .. a=3
f (x) is differentiable at x=-1

(bx*=3)—(b-3) _ i (ax+b)—(b=3)

= lim
x—>-1 x+1 x—>—1 x+1
= lim b(x—l) = lim 3(X—+1) ,.. b= _é
-1 x—-1" X+ 1 2
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r (b-3)-(b(-1-h)"-3)

Alternately,

LHD = lim (-1)-f(-1-h)

=um =lim(~bh—2b)=-2b
- h S h h—0
iD= g T ECL-0) e |a(Asb)b]-(b=3) . Cavd)ran
h—0 h h—0 h h—0 h
and —ﬂ+3=0=>a=3,—2b:a:>b:—%

|prepnrad by: BALAJI KANCHI

6.b

+b ; O<x<1
If f(x) = {gig . : 1< i <9 1s a differentiable function in (0, 2),
then find the values of a and b.

Sol.
f (x) is differentiable in (0, 2)
= f(x) is continuous on (0,2)
= f(x)is continuous at x=1
C L — i 2 _ : -
5 _!Ll?(ax+b)— 1:1}1(2)1 X) —a+b=1
Also, f (X) is differentiable at x=1,
L.H.D.(x = 1) = R.H.D.(x = l)

=a=4(1)-1.a=3&b=1-a=-2

[ prepared by : BALAJI KANCHI |

6.c

If the following function is differentiable at x = 2, then find the values of a and b.

2 .
F(x) = x“,if x<£2 .
ax +b,1f x>2
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6.b

ax’ +b, if x<1

Find ‘a’ and 'b’, if the function given by f(x)=
& v/ {2x+1, il %21

is differentiable at x =1
6.c

Find the values of a and b, if the function f defined by
[ 2+3x+a, x<1

| bx+2 . X5

is differentiable at x = 1.

flx) =

Sol.
fl_=2x+3=5
f,=b

f!_ =1, =[b=5

m f(x) = f()= lim f(x)
x—1 x—l1"

= 4+a=b+2

= |a=3]

Prepared by : BALAJI KANCHI
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6.d

M +2),ifx <0

For what value of A the function defined by f(x) = [ T S is continuous at

x =0 ? Hence check the differentiability of f(x) at x = 0.
Sol.

LHL = lim f(x)=2A

x—0"

BT = Iim f(x)=06

x—07F
f(0) =2A
=% 2A=6 = A=3

Difterentiability

fO-fO0-h) _ . 3(2)=3((=h)* +2) _

LHD = Iim lim 3h =0
h—0 h h—0 h h—0
RED = ligg WOFHO) g BME6-HD) _ jin s
h—0 h h—0 h h—0

LHD = RHD .. f(x) is not differentiable at x = 0
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Case study :
1.

Let f(x) be a real valued function. Then its

e Left Hand Derivative (L.H.D.) : Lf(a) = lim ~ 2= —f(@)
h—0 —h

° Right Hand Derivative (R.H.D.) : Rf’(a) = lim f(a +h)—1f(a)
h—0 h

Also, a function f(x) is said to be differentiable at x = a if its L.H.D. and
R.H.D. at x = a exist and both are equal.

x—3], x>1

For the function f(x) =<2 3x 13

T _2Z 22 k<l
4 2 4

answer the following questions :

(1) Whatis RHD. off(x) atx=17?
(11) Whatis LH.D.off(x)atx=17?
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