Long Answer Questions-I-A(PYQ)
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f(x) is continuous at £ =3

lim f(z) = lim f(z) = f (3)

o

= p—and ¢—4

Q.2. Show that the function f(x) = 2x — |x| is continuous but not differentiable at x =
0.
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Here f{ X) = 2x - |x1

For continuity at x = 0
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From (iv) and ( V)
LHD # RHD
i.e, function f{ X) = 2X - |\] is not differentiable at x = 0

Hence, 1'(.\‘_) is continuous but not differentiable at x = 0.
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it oyl 3¢ g 2 B0
f:l! = T ’ i
(@) ri ifo<z<l1

—:1;

is continuous at x = 0.

AnNsS.



1’(x) is continuous at x = 0

= (LHL of f(x) at x = 0) = (RHL of £(x) at x = 0) = £(0)

= lim f(z)=lim f(z)= f(0) ..(1)
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1’('_\‘) is continuous at x = 0.

=  (LHL of f{x) at x= 0) = (RHL of f(x) at x = 0) = £(0)
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Also I'('O) =2
Now from (1) g =a+3=2
= b=4, a=-1

dax+b, ifzr>1
f(z)= 1k =1

bax —2b, if x <1 i

Q.6. Find the value of a and b if the function S

continuous at x = 1.
ANs.

Jax+b, ifzrx>1
Given function f(z)= 11, ifz=1
bax—2b, if z<1

For continuity at x = 1, we have

f(1) =11
LHL 231:1%1- f(:r)::lciggSax— 2b=5a — 2b
RHL =imla f(z)ziil’]l;3ax+b=3a+b

For f(x) to be continuous at x = I, LHL = RHL = (1)
ie; bS5a=-2b=3a+b=11

On solving, 5a-2b=11 and 3a+ b= 11

Weget a=3, b=2

Q.7. For what value of k is the following function continuous at x = 2?
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flx)=q k z=2
Jz—1; 2



AnNs.

lim f(z)=1lm 2z +1=2x2+1=5 [ f(x) =2x+1,if x< 2]
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Since, f('x) is continuous at x = 2.
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Q.8. Discuss the continuity of the following function at x = O:
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f{0) =0 [ f(x) =0 for x = 0]
e, im f(z)=1lm f(z)=5(0)=0

Hence, f('x) is continuous at x = 0.
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Q.9. Show that the function ‘f ’ defined by s

continuous at x = 2, but not differentiable.
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For continuity:
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Hence, f{x) is not differentiable at x = 2.

Q.10. Find the relationship between ‘a’ and ’b’ so that the function f defined by:



ax+1, if <3

f(z):{bx+3, i 2>3
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Since, f(x) is continuous at x = 3.
> lim f(z)=lm f(z)=f(3)
Now, ll%l _f(a:)=l#1:g f(3- h)
= %u:)% a(3—- h)+1
=]’§1_1& 3a-ah+1=3a+1
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From equations (1), (if) and (i)
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3a—3b=2 or
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is continuous at x = 3.
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a—b= % which is the required relation.

Q.11. Find the value of k so that the function f, defined by
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luan f(z)zlli'{% f(m— h) [Let x=T-hx—>T = h—0
:kng k(m— h)+1 |* f(x) = kx + | for x= TI|
= KT + 1

[Letx=TT+h x—>T = h— 0]

,llll? f(z):% f(m+h) | f{x) = cos x for x > TT|

=£ir_'1(;)\ — cos h =1
Also f(TT) = k1T + 1
Since, f{x) is continuous at x = .
=> 21;1111 f(:c):lixjn. f(z)=f(r) = kn+l=—1=kn+1
= KT = -2 =" k=—-;‘3r

Q.12. Show that the function f(x) = |[x = 3|, x € |R, is continuous but not
differentiable at x = 3.

ANS.



—(z- 3] ;2<3
Here, f(x) =|x- 3| = f(z)= 0 =23
(£—38) .53

For Continuity:

Now,ligl’ f(:v)z}lil;& f(3+h) |[Let x=3 + hand x— 3' = h— 0]

k0 k0

ligl' f(z)=0 (1)
Eglf(z)=1lil33 f(3-h) [Let x=3-hand x— 3~ = h— 0

-lim - (3~ h-3)=lim h=0
lim f(z)=0 .. (i)
Also,  f(3)=0 - di)
From equation (i), (i) and (i)
lim f(z)=lim f(z)=f(3)

Hence, f(.\‘) is continuous at x = 3
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Equation (/v) and (v)

=5 RHD # LHD at x = 3.

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

Therefore, f{x) = |x - 3|, x € |R is continuous but not differentiable at x = 3.

Q.13. Discuss the continuity and differentiability of the function

f(x) = |x] + |x = 1] in the interval (-1, 2).
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Given function is
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Function is also written as

—z- (z-1), if-1<z<0

T(z)= 1 3 if0<z<l1
gt (£—1); AfFz=3

-2z+1, f z<0
= f(z)= 1, f0<z<1
22— 1, ifz>1

Obviously, in given function we need to discuss the continuity and differentiability of the function f{x) at x

=0 or | only.

For continuity at x = 0

li%! f(.'t):lhing f(0+h) |[Let x=0+hand x— 0" = h— 0]
= Ei
= h n 1 l h is very small positive quamit)’]

=1 ()

li%l f(I)=1hil% f(0—h) [Letx=0-hand x— 0" = h— 0|



=lim f(~ h)=lm{~ 2(~ h)+1}=lm (2h+1)
ii%lf(z)=1 - 4)

Also, f0) = 1 ... i)

(1), (i) and (ii)) = lim f(2) = lim f(2) = £(0)

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

For differentiability at x = 0
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k0 h h0 h
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k0 h hi0 h
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LHD = -2 (V)

(iv) and (v) = RHD #LHD at x = 0.

Hence, f(x) is not differentiable at x = 0 but continuous at x = 0.

Similarly, we can prove f(x) is not differentiable at x = 1 but continuous at x =1
(Do yourself)

Q.14. Show that the function f(x) = |[x — 1] + |x + 1|, for all x € R, is not differentiable
at the points x ==1 and x = 1.
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Here, given function is
f(x) =|x-1]+|x+ 1]

[— (z-1)- (z+1), = <-1

2, z=-1

2 flE)=¢= (- 1)+E+L), - Ige<c]
2 g:=1
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8 fae
= f(z)=1 2, f-1<z<l1
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—lim2-2=1lim 0=0
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LHI kl:‘g =
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S =
=lim ® =lim- 2=2
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ie, RHD # LHD.

Hence,f( x) is not differentiable at x = - 1

f(z)=

-2z if z<—-1

2
2z

if —1<2<1
if z>1



Forx=1

f(1th) - f(1)

RHD = lim
k0 h

2(1+h) - 2 I 242k - 2

=lim 2 =lim2=2

R h k0

3 F(1 - k) - f(1)
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RHD # LHD.
Hence, f{x) not differentiable at x = 1.
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[4 Marks]
Q.1. For what value of k, the following function is continuous at x = 0?
1 cos-4z' T 0
fo)={ = 77
k o B=1{)
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1 — cosdzx

— xz#0
Given function, f(z)= 8z2 ’ 7
k , =0

At x = 0, we have f(O) =k

LHL = hm ()=l 1=984=

£ »+0 812

For f(.x’) to be continuous at x = 0
LHL = RHL = £(0)

= b= t=k o k=

Q.2. Examine the continuity of the following function:

f(z)= {2;"36#0 at z—=0.

2,:1::0
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f(0)=§
: R T
Liles b of (o) = It =B gpi=s

RHL = lim f(z)=lm — =lim - =
I«;O' Iv»O'
Hence, LHL # RHL

So, f('_\’) i1s discontinuous at x = 0.

Q.3. If the function f, as defined below is continuous at x =0, find the values
of a, b and c.

f sin (a+1) z+sinz

= ” =0
f(w)=< c , =10
k \/I+:x;,,,_ \/5, 2> 0

32
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Since f(x) is continuous at x = 0 li]'.(!)l_ Flz)= Ii_t(r); f(x)=f(0)

Now, hPOI- f(:z:)=%‘i]:r01f(0—h) [Let x=0-h x— 0" = h— 0]
o o sin (a+1)(— kh)+sin (— h)
ho0 f( )= hﬁo ~h
s sin (a+1)h+sin h i sin (a+1) h s sin h
h0 h h50 h 20 R
s sin (a+1) h ve Tiew SID R
It (agr)llio (a+1) h X (a+1)+1 [ h0 R ]
: : s A sin (a+1)h
= l.(d+l)+l [ (GHI}E;OW_I]
= 1151 f(z)=a+2 i)
Again, li%q f(z) =]’.1i11[} f(0O+h) [Let x=0+ h x— 0" = h— 0]
$ _ Vhibh® - vk .. R(¥1+bh - 1)
B hi% Bl —tm bh*/? . 1}3% bh*?
i VIFPE -1  IFbh+1 _ . 1+bh - 1
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_ 1 1
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. _ 1
> lim f(z)-3 (i)
Also, f(0) = ¢ o (1)

Hence, (i), (ii) and (iif) = a¥2=

f does not depend on the value of b
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