DCAM classes

Dynamic Classes for Aca demic Master. y

5.CONTINUITY AND DIFFERENTIABILITY

10.

11.

12.

Single Correct Answer Type

Let [x] denotes the greatest integer less than or equal to x and f (x) = [tan? x]. Then,
a) lim,_,q f(x) does not exist

b) f(x) is continuous at x = 0

c) f(x) is not differentiable at x = 0

d) f'(0) =1

The value of f(0) so that@ may be continuous at x = 0 is

1
a) log (E) b) 0 c) 4 d) —1+log2
Let f (x) be an even function. Then f”(x)
a) Is an even function b) Is an odd function c) May be even or odd d) None of these

If F(x) = {lx[C—OSZT, ’;]: ;21  then f(x)is

a) Discontinuous and non-differentiableatx = —land x = 1
b) Continuous and differentiable at x = 0

c) Discontinuous atx = 1/2

d) Continuous but not differentiable at x = 2

|x+2]|

If f(x) = {tan—1<x+z)'x * 72 then f(x)is
2, x=-2

a) Continuous at x = —2

b) Not continuous x = —2

c) Differentiable at x = —2

d) Continuous but not derivable at x = —2

If f(x) = |log|x| |, then
a) f(x) is continuous and differentiable for all x in its domain
b) f(x) is continuous for all x in its domain but not differentiable at x = +1
c) f(x) is neither continuous nor differentiable at x = +1
d) None of the above
If f'(a) = 2 and f(a) = 4, then limx_,a@ equals
a)2a—4 b) 4 — 2a c) 2a+4 d) None of these
If f(x) = x(v/x +Vx + 1), then
a) f(x) is continuous but not differentiable at x = 0 b) f(x) is differentiable atx = 0
c) f(x)is not differentiableatx = 0 d) None of the above

ax?+b, b#0,x<1
I£f () = {xzb +ax+c, x>1
a)c=0,a=2b b)a=b,c €R cJa=b,c=0 da=b,c#0

[x=3], x>1

For the function f(x) = {x_z B

4
a) Continuousatx =1  b) Derivableatx =1 c) Continuousatx =3  d) Derivableatx = 3

If f: R = R is defined by

then, f(x) is continuous and differentiable at x = 1, if

3 13 which one of the following is incorrect?
Tx + o x <1 &

2sinx — sin 2x
f(x)={ 2x cos x Jifx # 0,
a, ifx=0
Then the value of a so that f is continuous at 0 is
a) 2 b) 1 c) -1 d) o

f(x) = x + |x| is continuous for
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24,

a) x € (—oo,00) b) x € (—o0,00) — {0} c) Onlyx >0 d) No value of x
If the function

( . 2 T

[ {1 + |sin x|}Isinx, —% <x<0
e = b, x=0

| tan 2x T

k etansx, O<x < g

Is continuous at x = 0

2 2
a)a:logeb,b=§ b)b:logea'az§ C)a=logeb,b:2 d)NOﬂCOfthese
2 x? x? x2
Iff) =x*+ T+t o+ Gamn + - thenatx = 0,1 (x)

a) Has no limit

b) Is discontinuous

c) Is continuous but not differentiable
d) Is differentiable

1, V x<0

— i ! — ?
Letf (x) {1 +sinx, V 0<x<m/2 then what is the value of f'(x) at x = 07

a)l b) -1 ) o© d) Does not exist
The function f(x) = x — |x — x?| is

a) Continuous atx =1 b) Discontinuous at x = 1

c) Notdefinedatx =1 d) None of the above
Iff(x+y+2)=f(x).f(y).f(z)forallx,y,zand f(2) = 4, f'(0) = 3, then f'(2) equals

a) 12 b) 9 c) 16 d) 6

If f(x) = |log, |x| |, then f'(x) equals
a) %,x =0

b)ifor [x| > land%for x| <1

c) %for |x] > 1 and%for x| <1

d)lfor [x]| > 0and — 2 forx < 0
X X

1-cosx

If the function f(x) = { xz for x # 0 is continuous at x = 0, then the value of k is
k, forx =0
1 -
a)l b) 0 9 > d) -1

Function f(x) = |x — 1|+ [x — 2|, x ER is

a) Differentiable everywhere in R

b) Except x = 1 and x = 2 differentiable everywhere in R
c) Not continuousatx = 1and x = 2

d) Increasing in R

The set of points where the function f(x) = V1 — e~** is differentiable is
a) (—o, o) b) (—0,0) U (0, ) c) (—1,00) d) None of these

. (1 . D .
If f(x) = xsin (;) ,x # 0, then the value of function at x = 0, so that the function is continuous at

x =0is

a) 1l b) —1 )0 d) Indeterminate

2—(256—7 x)1/8

The value of f(0) so that the function f(x) = Gxis) 52

(x # 0) is continuous everywhere, is g

a) —1 b) 1 c) 26 d) None of these
The derivative of f(x) = |x|3 atx = 0 is
a) -1 b) 0 c) Does not exist d) None of these

iven by
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36.

ot =, X # 0

Iff(x) = Sin(g)log(H?) is continuous function at x = 0, then the value of a is equal to
9(log4)3,x =0

a) 3 b) 1 c)2 d) o

f)=|[x] +x]in—-1<x<2is

a) Continuousatx = 0

b) Discontinuous atx = 1

c) Not differentiable at x = 2,0

d) All the above

Letf (x) = [x3 — x], where [x]the greatest integer function is. Then the number of points in the interval (1,

2), where function is discontinuous is

a) 4 b) 5 )6 d) 7
Ify = cos™1 cos (x| — f(x)), where
Lif x>0
f(x) ={—1,if x <0.Then, (dy/dx) x = %ﬂ is equal to
0,if x=0
a) -1 b) 1
Ao d) Cannot be determined

Let f(x +y) = f(x) + f(y) and f(x) = x? g(x) for all x,y € R, where g(x) is continuous function. Then,

f'(x) is equal to
a) 9'(x) b) g(0) ) 9(0) +g'(x) d) 0

Let a function f(x) be defined by f(x) = {0 x),c é ; g 0 Then, f(x) is

a) Everywhere continuous

b) Nowhere continuous

c) Continuous only at some points

d) Discontinuous only at some points

— 2 _ 3 _
The function f(x) = {1 2 +3x% —4x® + o to oo, x # —1

1, x=-1
a) Continuous and derivable at x = —1
b) Neither continuous nor derivable at x = —1
c) Continuous but not derivable at x = —1

d) None of these

f(x) = {Za — X in =@ < X < Q Then, which of the following is true?
3x—2aina<x

a) f(x) is discontinuous at x = a b) f(x) is not differentiable at x = a

c) f(x)is differentiable atx = a d) f(x) is continuous atall x < a

Letf(x +y) = f(x)f(¥) and f(x) = 1 + (sin 2 x) g(x) where g(x) is continuous. Then, f'(x) equals
a) f(x)g(0) b) 2f(x)g(0) c) 2g9(0) d) None of these

If f(x) = [xsin® x], then which of the following is incorrect?
a) f(x)is continuousatx =0

b) f(x) is continuous in (-1, 0)

c) f(x)is differentiableatx = 1

d) f(x) is differentiable in (=1, 1)

1,x<0
If f(x) = {1 +sinx,0<x< gthen derivative of f(x) atx =0
a) Isequal to 1 b) Is equal to 0 c) Isequal to —1 d) Does not exist
If the derivative of the function f(x) is everywhere continuous and is given by

bx?+ax+4; x> -1
~ P X271
@) { ax?+b; x<-1 en
a)a=2,b=-3 b)a=3,b=2 ca=-2,b=-3 da=-3,b=-2
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49.

xlogcosx
Iff(x) = {IOg(1+x2)' X O, then
0, x=0

a) f(x)is not continuous atx = 0
b) f(x) is not continuous and differentiable at x = 0
) f(x)is not continuous at x = 0 but not differentiable at x = 0
d) None of these
Ax—B, x <1
If the function f(x) = { 3x, 1 <x <2 becontinuous at x = 1 and discontinuous at x = 2, then
Bx?—A, x=>2
a)A=3+B,B#3 b)A=3+4+B,B=3 c)A=3+8B d) None of these
|x —4|,forx > 1
££(x) = {(x3/2) —x2+3x+(1/2),forx < 1’
a) f(x)is continuousatx = 1andx = 4
b) f(x) is differentiable at x = 4
c) f(x) is continuous and differentiable at x = 1
d) f(x) is not continuous at x = 1
The function f(x) = a[x + 1] + b[x — 1], where [x] is the greatest integer function, is continuous at x = 1,
is

then

ajJa+b=0 b)a=b»b c)2a—-b=0 d) None of these

Let f(x) = {/15[1;;’ J;;% and A € R,thenatx =0

a) f is discontinuous b) f is continuous only, if A = 0

c) f is continuous only, whatever 1 may be d) None of the above

If for a continuous function f, f(0) = f(1) = 0, f'(1) = 2 and y(x) = f(e*)e/®, then y'(0) is equal to
a)l b) 2 o d) None of these

ax® —b,|x| <1
Ifflx)=4y 1 x| =1 is differentiable at x = 1, then
||’ -

1 1 1 3 1 1

a = — = —_—— b = —— = —_—— C = = — d = = —_——

Ja=z2,b 5 Ja=—2b > Ja=b=3 Ja=b >
Let f(x) = Slf:[:][zx], where [x] is the greatest integer less than or equal to x, then

a) f(x) is not differentiable at some points
b) f'(x) exists but is different from zero

c) f'(x) =0forall x

d) f'(x) = 0 but fis not a constant function

The value of k which makes f(x) = {sm(l/k), x#0 continuous at x = 0 is

k, x=0
a) 8 b) 1 c) -1 d) None of these
The function f(x) = max[(1 — x), (1 + x), 2], x € (—00, ) is
a) Continuous at all points b) Differentiable at all points
Differentiable at all points except at x = 1 and d) None of the above

x=-1
Let f(x) be defined for all x > 0 and be continuous. Let f(x) satisfy f G) = f(x) — f(y) for all x,y and
f(e) = 1. Then,
1
a) f(x) is bounded b)f(—)—)Oasx—>0 c) xf(x)>1lasx—0 d) f(x) =Inx
X
Suppose a function f (x) satisfies the following conditions for all x and y: (i) f(x + y) = f(x)f(y) (ii)
f(x) =14 x g(x)loga, where a > 1 and lim,_,y g(x) = 1. Then, f'(x) is equal to
a) loga b) loga/® c) log(f(x))* d) None of these

Let g(x) be the inverse of the function f(x) and f'(x) = 1+1x3.

Then, g'(x) is equal to
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63.

1 1

V1 @) @)
If f(x) = |x? — 4x + 3|, then

a) f'(1))=—-1land f'3) =1

b) f'(1) = —1 and f'(3) does not exist

c) f'(1) = —1doesnotexistand f'(3) =1
d) Both f'(1) and f'(3) do not exist

The points of discontinuity of tan x are

/i3
a)nm,n €l b) 2nm,n €1 c) 2n+ 1)5,11 el d) None of these

A1+ (g)° )1+ (f(0)’

Let f(x) = ||x| — 1|, then points where f(x) is not differentiable, is/(are)
a)0,+1 b) +1 c)o d)1

2x, x <0
f(")"{Zx+1,x20'Then

x) is continuous at
2 [ 9

x=0
Let f(x) = [x] + /x — [x], where [x] denotes the greatest integer function. Then,

f(|x|) is continuous at
x=0

b) f(x) is discontinuous atd) None of the above
x=0

a) f(x) is continuous on R*

b) f(x) is continuous on R

c) f(x) is continuouson R — Z

d) None of these

1-sinx+cosx .

The function f(x) = Troimrtcosy 1S ot defined atx = m. The value of f (1), so that f(x) is continuous at
x =Tm,is
a) -1/2 b) 12 c) -1 d)1
.1 :
Letf(x) = {(x ~ Dsin lef’ ifx # 1. Then, which one of the following is true?
0, ifx=1

a) f is differentiable at x = 1 butnotatx =0

b) f is neither differentiable at x = Onoratx =1

c) f is differentiableatx = 0andatx =1

d) f is differentiable at x = 0 but notatx = 1
mx+1, x <=

Iff(x) =1 _ is continuous at x = =, then
sinx +n, x> 2

nm mm T
ajm=1n=0 b)m=7+1 c)n=T d)m=n=§
Let f be differentiable for allx. If f(1) = —2 and f'(x) = 2 for x € [1, 6], then
a) f(6) =5 b) f(6) <5 c) f(6) <8 d) f(6) = 8

Iflim,_ + f(x) = =lim,_4- g(x) and lim,_,4- f(x) = mlim,_,,+ g(x), then the function f(x) g(x)
a) Is not continuous atx = a

b) Has a limit when x — a and it is equal to Im

c) Is continuous at x = a

d) Has a limit when x — a but it is not equal to Im

Let f(x) be a function satisfying f(x + y) = f(x)f(y) forallx,y € R and f(x) = 1+ x g (x) where
lim,_,o g(x) = 1. Then, f'(x) is equal to

a) g'(x) b) g(x) c) f(x) d) None of these
The set of points where the function f(x) = x|x| is differentiable is

a) (~, ) b) (—e0,0) U (0, o) &) (0,00) d) [0, 0)

If f(x +y) = f(x)f(y) forallreal x and y, f(6) = 3and f'(0) = 10, then f'(6) is

a) 30 b) 13 c) 10 d) 0

If f(x) = |x — a|d(x), where ¢ (x) is continuous function, then

a) f'(a*) = d(a) b) f'(a™) = ¢(a) ) f'(a®) =f"(a”) d) None of these
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74.

75.

76.

~(24d)

If f(x) = {xe el "7,
0, x=

a) Continuous as well as differentiable for all x

b) Continuous for all x but not differentiable at x = 0

c) Neither differentiable nor continuous atx = 0

d) Discontinuous everywhere

3, x <0
If f(x) = {Zx +1, x>0 then

a) Both f(x) and f(|x|) are differentiable at x = 0

b) f(x) is differentiable but f(|x|) is not differentiable at x = 0

c) f(|x|) is differentiable but f (x) is not differentiable at x = 0

d) Both f(x) and f(|x|) are not differentiable at x = 0

f)-f©
X—C

x # 0 then f(x) is
0

Iflim,_,
a) lim f(x) = f(c)

b) Lim f'(x) = f'(e)

c) lim,_. f(x) does not exist

d) lim,_ f (x) may or may not exist

The number of points at which the function f(x) = [x — 0.5| + |x — 1| + tan x does not have a derivative
in the interval (0, 2), is

exists finitely, then

a) 1l b) 2 c)3 d) 4

1 - 1 + 3x), f 0
Iff(x) = { 08(1-3x) (1 + 3%), for x = is continuous at x = 0, then k is equal to

k, forx =0
a) -2 b) 2 1 d)-1
Let f (x) be a function differentiable at x = c. Then, lim,._,. f(x) equals
1 d) None of these
a) f'(c b) f"(c c) ——=
) f(©) ) f(e) 110

Iff (x) = ae* + b|x|?; a,b € R and f(x) is differentiable at x = 0. Then a and b are
a)a=0,b€ER b)a=1b=2 c)b=0,a€R da=4b=5
Let f(x) = (x + |x|)|x|. The, for all x
a) f and f’ are continuous
b) f is differentiable for some x
c) f'is not continuous
d) f" is continuous

ﬁ, for x #1
If f(x) =42 7% ,then f'(1) is equal to

-3 for x=1
1 2 1 1
_Z b) —= _Z d) =

A3 ) =3 93 )3
Suppose f(x) is differentiable at x = 1 and limh_,(,%f(l + h) = 5, then f'(1) equals
a) 6 b) 5 c) 4 d) 3
If f: R = R is defined by

22 ifx € R—{-1,-2}

x2+3x+2 _ ,
fx) = —1, ifx = —2 then f is continuous on the set
0, if x =—1
a)R b) R — {—2} c) R—{-1} dR-(-1,-2)
(e*-1)?

Let f(x) = W for x # 0 andf(0) = 12.If f is continuous at x = 0, then the value of a is equal to
S —]10 —

a) 1 4 b) -1 Q) 2 d) 3

If a function f(x) is given by f(x) = ;—x + (x+1)f2x+1) (2x+1)x(3x+1) +-oothenatx =0, f(x)
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82.

83.

84.

85.

86.

87.

88.

a) Has no limit

b) Is not continuous

c) Is continuous but not differentiable

d) Is differentiable

If f(x) is continuous function and g(x) be discontinuous, then
a) f(x) + g(x) must be continuous

b) f(x) + g(x) must be discontinuous

c) f(x)+ g(x) forall x

d) None of these

A function f: R — R satisfies the equation f(x + y) = f(x)f(y) forallx,y € R and f(x) # 0 forallx € R. If

f (x) is differentiable at x = 0 and f'(0) = 2, then f'(x) equals

a) f(x) b) —f(x) c) 2f(x) d) None of these
Consider f(x) = |x7| x#0
0, x=0

a) f(x) is discontinuous everywhere

b) f(x) is continuous everywhere

c) f'(x) existsin (—1,1)

d) f'(x) exists in (=2, 2)

If f(x) is continuous at x = 0 and f(0) = 2, then

lim,_., o fiu)du is

a)0 b) 2 c) f(2) d) None of these

Let f(x +y) = f(x)f(y) for all x,y € R. Suppose that f(3) = 3 and f'(0) = 11 then, f'(3) is equal to
a) 22 b) 44 c) 28 d) None of these

x—5 forx <1
Iff(x) =44x% -9, for 1< x < 2,then f'(2%) is equal to
3x+4, forx=2

a) 0 b) 2 c) 3 d) 4
f(x) = sin |x|. Then f(x) is not differentiable at
a) x = O only b) All x c) Multiples of & d) Multiples of%

If f(x) = Z;‘f;o%l(loge a)®,a>0,a #0,thenatx =0, f(x) is

a) Everywhere continuous but not differentiable
b) Everywhere differentiable

c) Nowhere continuous

d) None of these

The function f(x) = [x] cos [?] 7 where [.] denotes the greatest integer function, is discontinuous at

a) All x b) No x
c) All integer points d) x which is not an integer
1, |x|=1
' =JL11 T
The function f(x) = — < x| < —n= 2,3, ...
0, x=0

a) Is discontinuous at finitely many points

b) Is continuous everywhere

c) Is discontinuous only at x = + %, neZ—{0}andx =0

d) None of these

Let f is a real-valued differentiable function satisfying |f (x) — f()| < (x —¥)?, x,y € R and f(0) = 0,
then f(1) equals

a) 1l b) 2 c)o0 d) -1

Let f(x) = [2x3 — 5],[] denotes the greatest integer function. Then number of points (1, 2) where the
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90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

function is discontinuous, is

a)0 b) 13 c) 10 d) 3
In[1, 3] the function [x? + 1], [x] denoting the greatest integer function, is continuous
a) Forall x

b) For all x except at four points

c) For all except at seven points

d) For all except at eight-points

If f(x) =]|logigx | thenatx =1

a) f(x) is continuous and f'(1%) = logjpe, f'(17) = —logip e
b) f(x) is continuous and f'(1*) = logip e, f'(17) = logip e

¢) f(x) is continuous and f'(17) = logyp e, f'(17) = —logio €
d) None of these

The function f(x) = | cos x| is

a) Everywhere continuous and differentiable

b) Everywhere continuous and but not differentiable at (2n + 1) n/2,n € Z
c) Neither continuous nor differentiable at (2n + 1) n/2,n € Z
d) None of these

= rax<4
[x—4]|

Letf(x)=<a+b, x=4

kx_4 +b,x>4
[x—4]|

Then, f(x) is continuous at x = 4 when

a)a=0b=0 b)a=1b=1 da=-1,b=1 da=1b=-1

2%-1

2 1<
1ff(x)={m-1' lx<oo, x#0

is continuous everywhere, then k is equal to

k, x=0
a) %loge 2 b) log, 4 c) log. 8 d) log, 2
The function f(x) = {xn siOn G) ’ J(C) #0 is continuous and differentiable at x = 0, if
a)n € (0,1] l;));; [1,00) c)n€(1,o) d)n € (—x,0)
The function f(x) = {%,x *0
0, x=0

a) Is continuous at x = 0

b) Is not continuous atx = 0

c) Is not continuous at x = 0, but can be made continuous x = 0
d) None of these

. 1+x, x<2.
A function f(x) = {5 —x x>218
a) Not continuous at x = 2 b) Differenti8able at x = 2
c) Continuous but not differentiable at = 2 d) None of the above
Letf(x +y) = f(x)f(y) forallx,y € R.If f'(1) = 2 and f(4) = 4, then f'(4) equal to
a) 4 b) 1 c)1/2 d) 8

0, xeZ

Let /() = and g0 = { " L 57,
a) lim,_,4 g(x) exists, but g(x) is not continuous at x = 1
b) lim,_,; f(x) does not exist and f(x) is not continuous at x = 1
c) gofis continuous for all x
d) fog is continuous for all x

X, for 0<x<1
If f(x) = {2 —x, for 1 < x <2.Then, f'(1) is equal to

x —(1/2)x?, for x =2

Then, which one of the following is incorrect?
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a) -1 b) 1 o0 d) None of these
100. The function f(x) = |x| + lxﬂis

a) Discontinuous at origin because |x| is discontinuous there

b) Continuous at origin

: . " X . :
c) Discontinuous at origin because both |x| and % are discontinuous there

X| . . .
lx] is discontinuous there

d) Discontinuous at the origin because —

101. f(x) = |x — 3| is..atx =3

a) Continuous and not differentiable b) Continuous and differentiable
c¢) Discontinuous and not differentiable d) Discontinuous and differentiable
102. At x = gthe function f(x) = fi:zl i
a) Continuous b) Discontinuous c) Differentiable d) Non-zero
103. The following functions are differentiable on (-1, 2)
) To O2de b) f e ) f SR
a — C —_—
o8 t 1+t+t2
X X X
104 Letf (x) = tir;x,x * %, X € [0, g] If £ (x) is continuous in [0, g] then f G) is
a) 1 b) 1/2 c)-1/2 d)-1
105. 1zcosx v 20
If f(x) = x is continuous at x = 0, then the value of k is
, x=0
a)o 1 1 1
b) - c) - d) —=
)2 ) 4 ) 2

106. Let f(x) = |x| + |x — 1], then
a) f(x)is continuous atx = 0,aswellasatx = 1
b) f(x) is continuous at x = 0, butnotatx =1
c) f(x)is continuousatx = 1, butnotatx =0
d) None of these

107. The function f(x) is defined asf (x) =

function is continuous there, is

—sin~1
2xzsin X Sm_lx, if x # 0. The value of f to be assigned at x = 0 so that the
2x+tan™+ x

1 b) 1 2 1
_Z Z d) =
) 3 2 3 )3
108. Let f(x) be an odd function. Then f'(x)
a) Is an even function b) Is an odd function c) May be even or odd d) None of these
109. %, forx #1
Iff(x) = {277 ,then f’(1) is equal to
-3 for x =1
1 2 d)1/3
—= b) — = -13
a) -3 )3 9
110.If f: R — R given by
2cosx,if x < —
f(x) =<a+sinx + b, if—% <x< %is a continuous
'  1+cos?x, ifng
Function on R, then (a, b) is equal to
a) (1/2,1/2) b) (0,-1) c) (0,2) d) (1,0)
1MLIff(x+y)=f(x)f(y)forallx,y €R, f(5) = 2,f'(0) = 3. Then f'(5) equals
a) 6 b) 3 5 d) None of these

112. Let f(x) be a function satisfying f(x + y) = f(x) + f(y) and f(x) = x g (x) forall x,y € R, where g(x) is
continuous. Then,
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a) f'(x) = g'(x) b) f'(x) = g(x) c) f'(x) = g(0) d) None of these
113. Iff(x) = Vx +2V2x — 4 ++/x — 2V2 x — 4, then f (%) is differentiable on

a) (—o, ) b) [2, ) — {4} c) [2,00) d) None of these
114. 2¢in (L

Iff(x) = {x sin (x)’ X 0, then

0, x=0

a) f and f' are continuous at x = 0

b) f is derivable at x = 0 and f” is continuous at x = 0

c) f is derivable at x = 0 and f” is not continuous at x = 0

d) f'is derivable atx = 0
115. =

If a function f (x) is defined as f(x) = {\/f' X ¢00 then

, X =

a) f(x) is continuous at x = 0 but not differentiable at x = 0
b) f(x) is continuous as well as differentiable at x = 0
c) f(x)is discontinuous atx = 0
d) None of these
116. If f (x) = [V2 sinx], where [x] represents the greatest integer function, then
a) f(x) is periodic
b) Maximum value of f(x) is 1 in the interval [—2 7, 2 7]
c) f(x) is discontinuous at x = % + %, nez
d) f(x) is differentiableatx =nm,n € Z
117. lim,_,o[(1 + 3x)/*] = k, then for continuity at x = 0, k is

a)3 b) -3 c) e3 d)e3
118. x — '

Let () = {fo {5+ 11— t]}dt,ifx > 2

5x+1,ifx <2

a) f(x) is continuous at x = 2

b) f(x) is continuous but not differentiable at x = 2

c) f(x)is everywhere differentiable

d) The right derivative of f(x) at x = 2 does not exist
119. = for |x| > 1

Letf(x):{ |x] Il =

ax? + b for|x| <1
If f(x) is continuous and differentiable at any point, then
1 3 1 3 d) None of these
=—b=—= b)a=—-=,b== =1,b=-1

a) a 2,b 5 )a 2,b 5 c)a

120. x, if x is rational

If function f(x ={ e ) , then the number of points at which f(x) is continuous, is
u fG) 1 — x, if x is irrational u p W f ) uod

a) oo b) 1 o d) None of these

121. The function f(x) = e *lis
2) Continuous everywhere but not differentiable at b) Continuous and differentiable everywhere
x=0
c) Not continuous atx = 0 d) None of the above
122. The value of f(0), so that the function
Va? —ax + x* —Va? + ax + x?
f = Vva+x—+va—-x
Becomes continuous for all x, is given by

a) a3/? b) a'/? c) —a'/? d) —a3/?
123. The value of k for which the function
1—cos4x
fx) = { oz X7 0 is continuous at a = 0, is
k x=0
a)k=0 b)k=1 ) k=-1 d) None of these
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124. The number of points at which the function f(x) = (|x — 1| + [x — 2| + cos x) where x € [0, 4] is not
continuous, is

a) 1 b) 2 c) 3 d) o
125. il
Iff(x) = {)Iismx' x#0 is continuous at x = 0, then the value of k is
, x=0
a) 1 b) -1 o0 d) 2

126. Let f(x) be twice differentiable function such that f"'(x) = —f(x) and f’(x) = g(x), h(x) = {f(X)}* +
{g(x)}2. 1If h(5) = 11, then h(10) is equal to

a) 22 b) 11 o d) None of these
127.if f(x) = |x|3, then f'(0) equals
a) 0 b) 1/2 c) -1 d)-1/2

128. Let function f(x) = sin"1(cos x), is
a) Discontinuous at x = 0
b) Continuousatx = 0
c) Differentiable atx = 0
d) None of these

129. x*—5x2+4 x£12
_ ) 1e-DE-2)1” ’ . .
Let f(x) = 6 x=10 Then, f(x) is continuous on the set
12, x=2
a)R b) R — {1} c) R—{2} d)R-{1,2}
130. The set of points, where f(x) = %le is differentiable, is
a) (—oo, _1) u (_1' oo) b) (_Oo' oo) C) (O: oo) d) (—oo, 0) U (0' oo)

131. Given f(0) = 0 and f(x) = Z forx # 0. Then only one of the folloOwing statements on f(x) is true.

_r
1_6—1/x)
That id f(x), is
a) Continuousatx = 0
b) Not continuous at x = 0
c) Both continuous and differentiable at x = 0
d) Not definedatx = 0
132. Let f and g be differentiable functions satisfying g’'(a) = 2,g(a) = b and fog = I (identify function).

Then, f'(b) is equal to

a)1/2 b) 2 c) 2/3 d) None of these
133. sinmx %0
Letf(x) =4 sx ' ,if f (x) is continuous at x = 0, then k is equal to
, x=0
(4 5
a) = b)2 a1l d)o
5 T
134. The number of discontinuities of the greatest integer function f(x) = [x],x € (— %, 100) is equal to
a) 104 b) 100 c) 102 d) 103
135. . elt/*—1 . o
For the functionf (x) = BVt 0, which of the following is correct?

a) lim,_q f (x) does not exist

b) lim f(x) =1

c) lim,_,q f(x) exists but f(x) is not continuous at x = 0
d) f(x) is continuous atx = 0

4 4
136'Iff(x)=x4+ = =

T+xt | (1+x4)2
a) Continuous but not differentiable
b) Differentiable
c) Continuous
d) None of these

+ ---tooothenatx =0, f(x) is
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1+x, 0<x<2

137. _
Iff(’c)‘{3—x, 2<x<3

then the set of points of discontinuity of g(x) = fof(x), is

a) {1, 2} b) {0, 1, 2} c) {0, 1} d) None of these
138. Let g (x) be the inverse of an invertible function f(x) which is differentiable at x = ¢, then g’(f(c)) equals
1 d) None of these
a) f'(c b) ——— o) f(c
) F(©) )7 ) £(©)
139. p 1
Iff(x) = {x cos (x) X #0 is differentiable at x = 0, then
0, x=0
a)p<o0 b)0<p<1 gp=1 dp>1
140. At x = 0, the function f(x) = |x| is
a) Continuous but not differentiable b) Discontinuous and differentiable
c) Discontinuous and not differentiable d) Continuous and differentiable
141. —N2cin (1) = |y —
Iff(x) = {(x 2)"sin (x—Z) e =1l 2 then the set of points where f(x) is differentiable, is
-1, x =2
a) R b) R — {1,2} ) R—-{1} d)R - {2}
142. The value of f at x = 0 so that function f(x) = Zx_z_x,x # 0 is continuous at x = 0, is

a)o0 b) log 2 c) 4 d) log4
143.1f f(x) = | log, x |, then
a) /A" =1, (1) =1
b) f/(17) = —1,/'(1*) = 0
A ff()=1f(17)=0
dfD=-LfQ1"=-1
144. Let f (x) be a function such that f(x + y) = f(x) + f(¥) and f(x) = sinx g(x) forallx,y € R.If g(x) isa
continuous function such that g(0) = k, then f'(x) is equal to
a) k b) kx c) kg(x) d) None of these
145. The function f(x) = |x| + |x — 1], is
a) Continuous at x = 1, but not differentiable
b) Both continuous and differentiable at x = 1
c) Not continuousatx =1
d) None of these

146. Vx+1-1

Jforx #0 is

0,forx=0
3 R b) [0, 0] ¢) (—o0,0) d) R — {0}

147. Given that f(x) is a differentiable function of x and that f(x). f(y) = f(x) + f(y) + f(xy) — 2 and that
f(2) = 5.Then, f(3) is equal to

The set of points of differentiability of the function f(x) = {

a) 10 b) 24 c) 15 d) None of these
148. Iff(x) = % x — 1, then on the interval [0, ],

a) tan[f (x)] and ﬁ are both continuous

b) tan[f(x)] and % are both discontinuous

c) tan[f(x)] and f ~1(x) are both continuous

d) tan[f(x)] s continuous but % is not
149.If f(x) = (x + 1)°°** be continuous at = 0, then f(0) is equal to

a)0 b) —e ce d) None of these
150. tanx—cotx . ®

Let f(x) = a : the value of a so that f(x) is continuous at x = % is

a, X ==
a) 2 b;4 c)3 d)1
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151.1f f(x) = [ It dt,x > —1, then
a) f and f' are continuous forx + 1 > 0
b) f is continuous but f’ is notso forx + 1 > 0
¢) f and f’ are continuous at x = 0
d) f is continuous at x = 0 but f’ is not so
152. The set of points of discontinuity of the function
—xn

. x™m .
fx) = hmn_)mm,n € Zis

a) {1} b) {—1} c {—-1,1} d) None of these
153. The number of points of discontinuity of the function

f(x )—m
a) 4 b) 3 Q) 2 )1

sin 3x

154.

)

flx) = {Slnx x#0 is continuous, if k is
k, x=0

a) 3 b) 0 c) -3 d)-1
155. For the function f(x) = 10ge(1+x):1°g2(1_x)

a) -1 b) 0 c) -2 d) 2

to be continuous at = 0, the value of f(0) is

156.

| |
Let f(x) = a+b x=4

+b x >4

Ix 4|
Then, f(x) is continuous at x = 4, when
a)a=0b=0 b)a=1b=1 da=-1,b=1 da=1b=—

[x]- 1
If f(x) {
0, X =

a) Continuous and differentiable

b) Differentiable but not continuous

c) Continuous but not differentiable

d) Neither continuous nor differentiable
158. 1-V2sinx ifx T

Iff(x) =4 74 - *is continuous at —, then a is equal to

a, ifx= "

a) 4 b) 2 c) 1 d)1/4
x+a,ifx <

x?, ifx > 1

a) 4 b) 3 c) 2 d)1
160.If f: R — R is defined by

thenatx =1, f(x) is
1

159.

If the function f: R — R given by f(x) = { is continuous at x = 1, thyen a is equal to

COS 3X—COS X
fx) = { x2 , forx#0 and if f is continuous at x = 0, then 1 is equal to
A, forx =0

a) -2 b) -4 c) -6 d) -8
161. x*-a’ x+a

For the function f(x) ={ x-a ’ ,if f(x) is continuous at x = a, then b is equal to

b, xX=a

a) a? b) Za2 c) 3a? d) 4a?

162.1fy = f(x) = — then the function is discontinuous at x =
xX—
a) 1 b) 1/2 c)2 d) -2

163.If f(x) = Min {tanx, cot x}, then
a) f(x) is not differentiable at x = 0,7/4, 57 /4
b) f(x) is continuous at x = 0,7/2, 31 /2
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164.

165.

166.

167.

168.

169.

170.

171.

172.

/2

c)f F(x)dx = Inv2
0

d) f(x) is periodic with period g
If f(x) = {|x| — |x — 1}?, then f'(x) equals
a) O forall x
b) 2{|x| —|x — 11}
{0 forx < Oandforx > 1
42 x - 1Dfor0<x <1

d { Oforx <0
) 4(2x — Dforx >0

If f(x) = (x — x9)d(x) and d(x) is continuous at x = x,, then f'(x,) is equal to

a) ¢'(x) b) d(xg) c) xod(xg) d) None of these
The function defined by
2 2\
flx) = ;(x + ez_x) X # 2 i5 continuous from right at the point x = 2, then k is equal to
k, x =2
1 1
a)o b) = Q) —= d) None of these
4 2
1-sinx logsinx X % T
If f(x) = (m—-2x) (1°g1+”2_47;x+x2)’ % is continuous at x = /2, then k =
k, X = E
) - b) —— ) @)
a) —— - c) —— -
16 32 64 28
sizn 5x x#0
If f(x) =3* +2’§ is continuous at x = 0, then the value of k is
k+ E' x=0
- 1
a)l b) -2 c) 2 d)=
2
ngin 1
Let f(x) = {x sinz, x # 0. Then, f(x) is continuous but not differentiable at x = 0, if
0, x=0
a)n € (0,1] b)n € [1,0) c) n € (—x,0) dn=0

[x — 3, ifx>1
The function f(x) = {x; _32_x+ 14_3’ ifr<1 is
a) Continuous and differentiable at x = 3
b) Continuous at x = 3, but not differentiable atx = 3
c) continuous and differentiable everywhere
d) continuous at x = 1, but not differentiable at x = 1
Let f(x) = |x| and g(x) = |x3|, then
a) f(x) and g(x) Both are continuous at x = 0
b) f(x) and g(x) Both are differentiable atx = 0
c) f(x) is differentiable but g(x) is not differentiable at x = 0

d) f(x) and g(x) Both are not differentiable at x = 0

(sin(a+1)3x+sinx’x <0
Iff(x) = { ¢, x=0 is continuous at x = 0, then
x+bx2—/x
| SRk g
bx \x
a)a= b=0,c= !
a= b=0,c=7
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3 1
cJa=—-=,beR—-{0},c==
Ja=-3 {0} c=5
d) None of these

173. 36X -9%¥—4%+1
If f(x) = {ﬁ—@ (;C #0 is continuous at x = 0, then k equals
y X =
a) 16v2log2log3 b) 16v21n6 ¢) 16¥2In21In3 d) None of these
174. Let [ ] denotes the greatest integer function andf (x) = [tan? x]. Then,
a) lim,_q f(x) does not exist b) f(x) is continuous at x = 0
) f(x) is not differentiable at x = 0 dfix)=1

175. Let a function f: R — R, where R is the set of real numbers satisfying the equation f(x + y) = f(x) +
f(¥),V x,yif f(x) is continuous at x = 0, then

a) f(x) is discontinuous, V x € R b) f(x) is continuous, V x € R

) f(x)is continuous for x € {1, 2, 3, 4} d) None of the above
176. _( sinx, for x >0 _x LA s

Let f(x) = {1 —cosx, for x <0 andg(x) = e*. Then, (gof)'(0) is

a)l b) -1 o0 d) None of these
177 2— i+l

The function f(x) {(x +1) ('x' "),X #0is

0, x=0

a) Continuous everywhere

b) Discontinuous at only one point

c¢) Discontinuous at exactly two points

d) None of these
178. log(1+ax)—log(1-bx) x %0

If f(x) = { x ’ and f(x) is continuous at x = 0, then the value of k is

k, x=20

aja—b>b b)a+b c) loga +logh d) None of these

179- The value of £(0), so that the function f(x) = N Cn e (x # 0) is continuous is given b
’ 9-3(243+5 x)1/5 g y
2

a) - b) 6 c)2 d) 4

180. The function f: R/{0} — R given by
() = 1 2

1) = x e¥*—1

Can be made continuous at x = 0 by defining f(0) as function

a) 2 b) -1 )0 d)1

181. Which one of the following is not true always?
a) If f(x) is not continuous at x = a, then it is not differentiable at x = a
b) If f(x) is continuous at x = a, then it is differentiableat x = a
c) If f(x) and g(x) are differentiable at x = a, then f(x) + g(x) is also differentiable at x = a
d) If a function f(x) is continuous at x = a, then lim,._,, f (x) exists
182. The value of the derivative of [x — 1| + |x — 3| atx = 2 is

a) 2 b) 1 o0 d) -2
183. , . ()

On the interval I = [—2, 2], the function f(x) = {(x;l)— De '(') , x %0

, X =

a) Is continuous for all x € I — {0}

b) Assumes all intermediate values from f(—2) to f(2)

¢) Has a maximum value equal to 3/e

d) All the above
184. Eynction f(x) = {Zxx_—lé,)ic<222 is a continuous function

a) For x = 2 only b) For all real values of x such that x # 2

c) For all real values of x d) For all integer values of x only
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185. LS
1S

The function f(x) = {T )

1, x=0
a) Continuous but not differentiable at x = 0 b) Discontinuous at x = 0
c) Continuous and differentiable at x = 0 d) Not defined atx = 0
x3—1, 1<x< o
x—1 —o<x<1

186. At the point x = 1, the function f(x) = {
a) Continuous and differentiable
b) Continuous and not differentiable
c) Discontinuous and differentiable
d) Discontinuous and not differentiable

2_
187. b 20,1
Xe—=X

If f(x) defined by f(x) = 1 x=0
-1, x=1

then f(x) is continuous for all

a) x
b) x exceptatx =0
c) x exceptatx =1
d) x exceptatx =0andx =1
188. The value of derivative of |x — 1| + |x — 3| atx = 2, is

a) —2 b) 0 c) 2 d) Not defined
189. _ 1 forx <0 _ L b

Iff(x) = {1 +sinx for0 < x < /2 then at x = 0, the derivative f'(x) is

a) 1l b) 0 c) Infinite d) Does not exist
190. Letg(x) = &; 0 < x < 2,mandn are integers, m # 0,n > 0, and let p be the left hand derivative

logcos™(x—1)
of [x — 1| atx = 1.Iflim,_+ g(x) = p, then
ajn=1m=1 b)jn=1m=-1 gn=2m=2 dn>2m=n
2
191. The function f(x) = 32x—2+7 is discontinuous for
X°+3x“—x-3
a) x = 1only b)x = 1and x = —1 only

cJx=1x=-1,x=-3only d) x = 1,x = —1,x = —3 and other values of x
192. If for a function f(x), f(2) = 3, f'(2) = 4, then lim,_,,[f (x)], where [-] denotes the greatest integer
function, is
a) 2 b) 3 c) 4 d) Non-existent
193. A function f(x) is defined as fallows for real x,
1—x%forx<1
f(x)=1{ 0, forx=1 Then,
1+ x?,forx>1
a) f(x), is not continuous atx =1
b) f(x) is continuous but not differentiable atx =1
c) f(x)is both continuous and differentiable at x = 1
d) None of the above
194. Let f: R — R be a function defined byf (x) = min{x + 1, |x| + 1}. Then, which of the following is true?

a) f(x) 2 1forallx €R b) f(x) is not differentiable at x = 1
c) f(x) is differentiable everywhere d) f(x) is not differentiable at x = 0
195. mx+1, x<Z= -
Iffix) =1 IS continuous t x = —, then
sinx+n, x> 2
nm T T
ajm=1n=0 b)m=7+1 c)n=m§ d)m=n=§
2
1%. If f(x) = W,x # 0, is to be continuous at x = 0, then f(0) must be defined as
1 -
a) 1l b) 0 9 . d)-1
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197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

Pginl
Let f(x) = {x sinZ,x #0 then f(x) is continuous but not differentiable at x = 0, if

0, x =
a)0<p<1 b)1<p<o ) —o<p<O dp=20
The function f defined by

sinx?
f(x)={ x ’xiois
0, x=0

a) Continuous and derivableatx = 0

b) Neither continuous nor derivable at x = 0

¢) Continuous but not derivable at x = 0

d) None of these

A function f on R into itself is continuous at a point a in R, iff for each €> 0, there exists, § > 0 such that

a) If(x) - f(@l <e=>Ix—al<s b) If(x) — f(a)| >€=> |x —al > 6

c) |x —al >6|f(x) — f(a)| >€ d) |Ix —al <6lf(x) — f(a)| <€

The function f(x) = x — |x — x?|,—1 < x < 1is continuous on the interval

a) [-1,1] b) (—1,1) c) [-1,0) U (0,1] d) (—=1,0) U (0,1)

if f(x) = a|sinx| + b e*! + ¢ |x|? and if f(x) is differentiable at x = 0, then

aJa=b=c=0 b)a=0,b=0;c€eR c)b=c=0,a€eRr d)c=0,a=0b€eR

Let f(x) be defined on R such that f(1) = 2,f(2) =8and f(u +v) = f(u) + kuv — 2 v? forallu,v € R (k
is a fixed constant). Then,

a) f'(x) =8x b) f(x) = 8x o f'x)=x d) None of these
If f(x) = sin™? (132) , then f(x) is differentiable on

a) [—1,1] b)R —{-1,1} c0R-(-1,1) d) None of these
Define f on R into itself by

£) = {x sin%, when x # 0' then
0, whenx =0
a) f is continuous at 0 but not differentiable at 0 b) f is both continuous and differentiable at 0
c) f is differentiable but not continuous at 0 d) None of the above
The set of points where the function f(x) = |x — 1|e* is differentiable, is
a)R b) R — {1} c) R—{-1} d) R — {0}

Letf(x+y) =f(x)f(y)and f(x) =1+ xg(x)G(x), where lim,_,, g(x) = a and lim,_,y G(x) = b. Then
f'(x) is equal to
a)1l+ab b) ab c)a/b d) None of these
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5.CONTINUITY AND DIFFERENTIABILITY

: ANSWERKEY :

1) b 2) d 3) b 4) c|189) d 190) c 191) c 192) c
5) b 6) b 7) b 8) c|193) a 194) c 195) c 196) a
9) a 10) d 11) d 12) a|197) a 198) a 199) a 200) a
13) a 14) b 15) d 16) a|201) b 202) a 203) b 204) a
17) a 18) b 19) ¢ 20) b(205) b 206) d
21) b 22) ¢ 23) d 24) b

25) a 26) d 27) c 28) b

29) d 30) b 31) b 32) b

33) b 34) c 35) d 36) c

37) b 38) a 39) a 40) a

41) ¢ 42) b 43) b 44) ¢

45) d 46) ¢ 47) d 48) b

49) ¢ 50) d 51) ¢ 52) a

53) ¢ 54) b 55) ¢ 56) d

57) ¢ 58) d 59) b 60) c

61) a 62) a 63) a 64) b

65) d 66) a 67) < 68) d

69) d 70) a 71) a 72) b

73) b 74) < 75) d 76) b

77) b 78) ¢ 79) b 80) b

81) d 82) ¢ 83) a 84) b

85) ¢ 86) ¢ 87) ¢ 88) b

89) c 90) a 91) b 92) d

93) b 94) ¢ 95) b 96) ¢

97) d 98) d 99) d 100) d

101) a 102) b 103) c 104) c

105) a 106) a 107) d 108) a

109) b 110) a 111) a 112) c

113) b 114) c 115) c 116) c

117) ¢ 118) b 119) b 120) c

121) a 122) c 123) b 124) d

125) ¢ 126) b 127) a 128) b

129) d 130) b 131) b 132) a

133) a 134) d 135) a 136) d

137) a 138) b 139) d 140) a

141) c 142) d 143) a 144) a

145) a 146) d 147) a 148) b

149) c 150) b 151) a 152) c

153) b 154) a 155) b 156) d

157) d 158) d 159) d 160) b

161) c 162) a 163) a 164) c

165) b 166) b 167) c 168) c

169) a 170) b 171) a 172) c

173) ¢ 174) b 175) b 176) c

177) b 178) b 179) c 180) d

181) b 182) c 183) d 184) c

185) ¢ 186) b 187) d 188) b
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5.CONTINUITY AND DIFFERENTIABILITY

: HINTS AND SOLUTIONS :

1 (b)
We have,
—-n/4d<x<m/4
> —-1<tanx<1=0<tan’x <1 = [tan?x]
=0
~ f(x) = [tan?x] = O for all x € (—7/4,1/4)
Thus, f(x) is a constant function on €
(—m/4,mt/4)
So, it is continuous on € (—mn/4,m/4) and
f'(x) =0forall x € (—m/4,1/4)
2 (d)
Since, f(x) is continuous at x = 0
lim,,o f(x) = f(0)
—e* +2%
— /O

—-e*+2%log2

282 — £(0)

= lim
x-0

= lim,_, [by L ‘Hospital’s
rule]
= f(0)=—-1+log2

3 (b)
Since f(x) is an even function
s f(=x) = f(x) forall x
= —f'(—x) = f'(x) forall x
= f'(—x) = —f'(x) for all x
= f'(x) is an odd function

4 ()
We have,

_( [cosmx],x <1
f(x)_{lx—2|,1Sx<2

( 2—x, 1<x<?2
-1, 1/2<=x<1
0, 0<x<1/2
S F(0) = LOSEY
0, -1/2<x<0
\-1, —3/2<x<-1/2

It is evident from the definition that f(x) is
discontinuous atx = 1/2

5 (b)
We have,
Jim f(x) = lim f(2 — h)

12—kl
il tan~1(—2—h+ 2)

. ] i _h
= B £O = e Ty = M T
and,
im, £(0) = Jim f(=2 + h)

_ |[-2 + h + 2|
= lim ——
h->otan~1(—2 + h + 2)

-1

10

> £ = fin e =

limz_f(x) * lirr21+f(x)

X—— -—
So, f(x) is neither continuous nor differentiable
atx = -2

(b)

S (x) = log|x||

From the graph of f(x) = | log|x|] itis clear that
f (x) is everywhere continuous but not
differentiable at x = %1, due to sharp edge

(b)
We have,
y xf(a) —a f(x)
xl_r>r‘11 x—a
— 1 x f(a) —af(a) —a(f(x) - f(a))
_xl—r>rcll xX—a
_xf(a)—af(x)
= lim
x-a xX—a
_ 1 f@(x—a)
= lim ——
x—a xX—a
. ) - f(a)
—alim ———
x»a X—a
= ;mxf(ai - Zf(x) =f(a)—af'(a)=4-2a
(c)

Given,f(x) = x(\/z + \/x_-l-l) At x = 0 LHL of vx
is not defined, therefore it is not continuous at
x=0

Hence, it is not differentiable at x = 0

(a)
4 _Zax;bio,XSl
Here,f(x)—{ 2bx+a, x> 1

Since, f(X) is continuous at x = 1
lim f(x) = lim _f (x)

> a+b=b+a+c =>c=0

Also, f(x) is differentiable at x = 1

~(LHDatx = 1)=(RHD atx = 1)

= 2a=2b(1)+a = a=2b

(d)

We have,
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11

12

lim f(x) = lim

x—-1" x—1"
=2
RS0 = b =31 =2
and, f(1) =|1-3] =2
= lim f(x) = f(1) = lim_f(x)
x->1~ x—>1*
So, f(x) is continuous at x = 1
We have,
Jm f(x) = lim |x = 3| =0, lim, f(x)
=lim|[x—-3]=0
x—3
and, f(3) =0
~ lim f(x) = lim_f(x) = f(3)
x—-3~ x—-3%
So, f(x) is continuous at x = 3

Now,
(LHDatx =1)

_(d (x? 3x+13 _{x 3} 1 3
Clax\4 2 4)) 2 2 2 2

—1y={%(_(y— = _
(RHDatx = 1) = {dx( (x 3))}){=1 =-1
~ (LHDatx =1) = (RHDatx = 1)

So, f(x) is differentiable at x = 1

x2 3x+13 1 3+13
4 4  4f 4 2

(d)
2sinx — sin 2x

f(x)={ 2X COS X Jifx # 0,
a, ifx=0

. . 2 sinx—sin 2x 0
Now, lim x) = lim ————— (— form)
! x>0 f( ) X—>0  2XCOSX 0

2cosx — 2cos2x

*20 2 (cosx — xsinx)

2-2
2(1—-0)
Since, f(x) is continuous atx = 0

£(0) = lim f(x)

= lim 0

x—0

>a=0
(a)
Given, f(x) = x + |x|
2x, x=0
f(x)‘{o, x <0
y

It is clear from the graph of f(x) is continuous for
every value of x

Alternate

Since, x and |x| is continuous for every value of x,

13

14

15

16

17

18

so their sum is also continous for every value of x
(a)
Since f(x) is continuous at x = 0
~ lim f(x) = f(0) = lim f(x)
x—0~ x—=0%

a tan2x
= lim{1 + |sin x|}Isinxl = b = lim etan3x
x—0 x—0

:ea=b=ez/3:a=§anda=logeb

(b)
We have,
(x%/1 4+ x?)
24 =24 Lx# 0
=" T -aasay © X7
0, x=0

Clearly, limy_o- f(x) =lim,_o+ f(x) =1 # f(0)
So, f(x) is discontinuous at x = 0

(d)

LHD= lim f(o ’i)h f(©)

= Jm =0

RHD= Jim L0 =/©)
h—-0 h

 1+sin(0+h)—1
= 11im

h—-0 h
= LHD=+RHD

(a)

Given, f(x)=x—|x—x

Atx=1 f(D=1-]1-1=1

Jm f) =lim[(1—h) - |1 -h)-1- h)?]

=}li§(1)[(1—h)—|h—h2|] =1

lim f(x) = lm[(1+h) — A +h) -1+ h)?]

=}li_r)r(1) [1+h—|-h?—-h|]=1
S0 = i, =1

(a)

We have,

fOe+y+2z)=f)f)f(2)forallx,y,z

= f(0) = f(0)f(0)f(0)

= f(0){1—f(0)*}=0

=>f0)=1 [~f(0)=0= f(x)=0forall x]

Putting z = 0 and y = 2 in (i), we get

fOe+2)=f0)f(2)f(0)

= f(x+2) =4f(x) forall x

= f'(2) = 4f'(0) [Putting x = 0]

> f(2)=4%x3=12

(b)

For x > 1, we have

1
fG) = lloglxl| =logx = f'(x) =~

For x < —1, we have

f () = |log|x|| = log(—x)

_ sinh
= lim

h-0 h =1

?|

(1)
[Puttingx =y =z = 0]

1
= f'(x)=;
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19

20

For 0 < x < 1, we have

-1
fG) = |loglell = —logx = f'(x) =—
For —1 < x < 0, we have

1
f(x)=—log(=x) = f'(x)= -

2, x> 1
Hence, f'(x) =4 %,
-= Ixl<1
X
(<)
Since, chin(l) f(x) = f(0)
. 1—cosx
= lim W =
x-0 X

S g SLLE [using L ‘Hospital’s rule]

x—0 2Xx

1 I sinx i i 1
= - = =3 = —

2x50 x 2

(b)

Given, f(X) = |x — 1| + |x — 2|
x—14+x—-2, x=2

={x—1+2—x, 1<x<?2
1—-x+2—x, x<1

2x — 3, x =2

={ 1, 1<x<?2
3 —2x, x<1
2, x> 2
f’(x)={0, 1<x<2
-1, x<1

Hence, exceptx = 1 and x = 2, f(x) is
differentiable everywhere in R

21

22

23

24

(b)
Clearly, f (x) is differentiable for all non-zero
values of x. For x # 0, we have

fllx) =

xe™™®

V1—e™**
Now,

(LHD atx = 0) = lim L2~/ ©
x—0 x—0

f(0—h)—f(0)
x—0
—h

_ J1—eh
= lim - —

h—0 h

= lim
h—-0

= (LHDatx =0) = ;lirr(l)

e
:>(LHDatx=0)=—}lE_r}r(1) 2 X —
e

fOO=F(0) _
x-0

and, (RHD atx = 0) = lim,._,,+
Vi-e=h*—o

h

lirnh—>0

=1

eh? —1 1
0 h?

X
So, f(x) is not differentiable at x = 0
Hence, the set of points of differentiability of f(x)
is (—0,0) U (0, o)
(©
Since f(x) is continuous at x = 0

1

~ f(0) = }CI_I)I(IJ x sin (;) =0
(d)

For f(x) to be continuous everywhere, we must

= (RHD atx =0) = }lim

have,

£(0) = lim £ (x)

o) = I 2 — (256 — 7x)1/8 . 0

= SO =1l o T3 2 [ 0”“6]
7

Z(256 —7x) 8 7 27 7

= f(0) =limi—-o— = x—=

x>0 (5x +32)"45 87 27% 64
(b)
We have,
3
3o X x>0
@) = x| {—x3, x<0
x)—f(0 x3
~(LHDatx =0) = lim_M = lim ——
x—0 x—0 x-0 X
=0
and,
x) — f(0 x3
~ (RHD atx = 0) = lim M= im —
x—-0% x—0 x-0 X
=0

Clearly, (LHD atx = 0) = (RHD atx = 0)
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25

26

27

28

29

30

Hence, f(x) is differentiable at x = 0 and its
derivativeatx = 0is 0

(@)
0
in (E) . log (1 + §x2)

2

4% — 1\’
}Cli%f(x)=llm< 2 >><S

x-0

X

_ 3 -
= (log4) .1.a}C1_1}E1) gxz EERVI

= 3a (log4)?
}Ci_f)% fx) = f(0)
= 3a (log4)® = 9(log4)3

> a=3

(d)

We have,

f(x) = |[x]x| for—1 < x <2
—X, -1<x<0

0, 0<x<1
X, 1<x<?2
2x, x =2
It is evident from the graph of this function that it
is continuous but not differentiable at x = 0. Also,

=fl) =

it is discontinuous at x = 1 and non-differentiable
atx =2

(9

Given, f(x) = [x3 — 3]

Let g(x) = x3 — x it is in increasing function
~g()=1-3=-2

and g(2)=8—-3=5

Here, f(x) is discontinuous at six points

(b)

Given, y = cos™tcos(x —1), x>0

= y=x-—1, 0<x—-1<m
y=x-1, 1<x<m+1

Atx =€ [l,m+1]

dy dy
=7 (a)x%n— '
(d)
We have,

fx+h) —f)

f0) = lim

h
h) —
= 1160 = i LRI ey
=f)+f¥]
h h?g(h
- 0 = fim =

"+ g is continuous

=>f'(x)=0xg(0)=0 |. lim g(h) = g(0)

(b)

Using Heine’s definition of continuity, it can be

shown that f(x) is everywhere discontinuous

(b)
For x #+# —1, we have
f(x)=1—2x+3x2—4x3+...oo

31

S f0) = (407 = s
Thus, we have
1
fo={arnz **7!
1, x=-1
We have,
lim,_,_4- f(x) = o0 and lim,_,_4- f(x) = o
So, f(x) is not continuous at x = —1
Consequently, it is not differentiable there at
32 (b)
Atx = aq,

LHL= lim f(x) =lim2a—x=a
x—a xX—a
And RHL= lim f(x) =lim3x —2a =a
x—-at x—a

And f(a) =3(a) —2a=a
~ LHL=RHL= f(a)
Hence, it is continuous at x = a

Again,atx = a

fla—h)—f(a)
—h

LHD= lim
h—0

2a—(a—h)—a_

-1
—h

= lim
h—-0

h-0 h
~ 3(a+h)—2a-—-a
= lim =
h—-0 h

. LHD#RHD

Hence, it is not differentiable at x = a

(b)
We have,

f(x) = lim

33

fx+h) - f)
h
fGf(W) - f(x)
h

= f'(x) = }liir})

h) —1
> f'(x0) = f(x) m}%
= f'(x) = £(x) lim 1+ (sin2 Z)g(h) ~1
. sin2h _
= f'(x) = f(x) lim —x lim g (h)
= 2f(x)g(0)

34 (c)
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35

36

37

If-1<x<1,then0 <xsinmx <1/2

& f(x) =[xsintx] =0,for-1<x<1

If1 < x <1+ h, where h is a small positive real

number, then

n<nx<nm+mh=>-1<sintx<0=-1
<xsintx <0

o f(x) = [xsinm x] = —1 in the right

neighbourhood of x =1

Thus, f(x) is constant and equal to zero in [—1, 1]

and so f(x) is differentiable and hence

continuous on (—1,1)

At x = 1, f(x) is discontinuous because

= limy¢- f(x) = 0 and lim, _;+ f(x) = -1

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

(d)
We have,
d
(LHDatx = 0) = {—(1)} =0
dx x=0
d
(RHDatsz)z{—(1+sinx)} =cos0=1
dx x=0
Hence, f'(x) at x = 0 does not exist
(<)
, _(2bx +a, x = -1
Here, f'(x) —{ 2a, x < -1

Given, f'(x) is continuous everywhere
lim f(x) = lim_ f(x)
x—-1t x—-1"

> —2b+a=-2a

= 3a=2b
= a= 2, b=3
ora=-2, b=-3
(b)
We have,
I fGx)—f(0) i log cos x
) x—0 ~ 0 log(1 + x2)
. f)—f(0)
= lim————=
x=0 x—0
_ log(1 —1 + cosx)
~ 5% log(1 + x?2)
1—cosx
1—cosx
. f(x)—f(0)
= lim——
-0 x—0
_ log{1 — (1 — cos x)}
T x=0 1—cosx
1—cosx
log(1 + x?)

38

39

40

41

42

43

_ f(x) = f(0)
mi~ T

= li
-0 x-—0
— lim1 [1—(1—cosx)]
I —(1 — cosx)
2sin?Z x2
% 2 X log(1 + x?)
X
4(5)
. f(x)—1(0) 1
= lim—————— = ——
-0 x—=0 2

Hence, f (x) is differentiable and hence
continuous atx =0

(a)

Since f(x) is continuous at x = 1. Therefore,
limy - f(x) =lim, ,;+ f(x) >A—B=3=>A4=
3+B ..()

If f(x) is continuous at x = 2, then

limy,- f(x) =lim,_,+ f(x) >6=4B—-A
..(ii)

Solving (i) and (ii) we get B = 3

As f(x) is not continuous at x = 2. Therefore,
B+3

Hence,A=3+BandB # 3

(@)
We have,

x —4, x =>4
flx) = —(x —4), 1<x<4

(x3/2) —x? +3x + (1/2), x<1
Clearly, f (x) is continuous for all x but it is not
differentiable atx = 1 and x = 4

(@

It is given that f(x) is continuousat x = 1

= lim f(x) = lim f(x) = f(D)

=3 lirgl_a[x + 1]+ b[x — 1]
xX—
= lim a[x + 1] + b[x — 1]

x—-1t
>a—b=2a+0xb
>a+b=0
(9

Jig £G:) = Jig 2 = 0

g fG) = Jip ST =0

And f(0) =A[0] =0

~ f is continuous only whatever 4 may be

(b)

We have,

y(x) = f(e*) e/

=y'(x) = f'(e¥)-e*-ef®) + f(eX) e/™ f'(x)
= y'(0) = f'(1)e/ @ + f(1)e/ O f'(0)

=y'(0) =2 [~ f(0)=f(1)=0f"(1) =12]
(b)

Since f(x) is differentiable at x = 1. Therefore,
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44

45

46

47

y f)-f)  f)—fQ)
im — = lim ——————

x-1" x—1 x—-1* x—1

_ fA-rn-f1)  fA+h)-fQ)
= lim = lim

h—-0 —h h-0 h

1

> lima(l_h)2 —b-1 = lim_&_

h—-0 —h _h—>0 h

i (a—b—l)—Zah+ah2_l_ —h
= hod “h = RS0R(1 + h)

~ —(a—b—-1)—2ah — ah?
= lim —

h—0 h

— 2
= —(a—b—-1)=0and solimh_,()% =-1
=>a—b—1=0and2a=—1=>a=—%,b:_%
(o)
We have,
__sin4m[x] _

f(x) ==z = Oforall

x [+ 4m[x]is a multiple of 7]
= f'(x) = 0forall x

(d)

We have,

1
}Clil’(l) flx) = }Clil’(l) sm;
= lim,_ f(x) = An oscillating number which
oscillates between —1 and 1
Hence, lim,_,o f (x) does not exist

Consequently, f(x) cannot be continuous atx = 0
for any value of k

It is clear from the graph that f(x) is continuous
everywhere and also differentiable everywhere
except {—1, 1} due to sharp edge

(d)

We have,

log (i) = logx —logyandlog(e) =1
= f(x) = logx

Clearly, f(x) is unbounded because f(x) - — as
x—0and f(x) > +oasx - ©
We have,

1 1
() =1o8(5) = ~tosx
Asx—>0,f(§)—>oo
Also,

49

50

51

52

log x

}Cl_r{(l) xf(x) = }Clir(l)xlogx = chl_r%m

I —tim— — limx =0
= xlir(l)xf(x) B xll;%—l/xz - _xl—r>r(1)x B
(9

Since g(x) is the inverse of f(x). Therefore,
fog(x) = x, forall x

= :—x{fog (x)} =1, forall x
= f'(g(x)) g’'(x) = 1, forall x

= 1+{g1(x)}3 x g'(x) = 1forall x [ f'x) =

11+x3

= g'(x) =1+ {gx)}3, forall x

(d)

We have,

f(x) = |x? — 4x + 3|

:>f(x)={ x? —4x +3, ifx? —4x+3>0
—(x? — 4x + 3), ifx2—4x+3<0

:f(x)={x2_24x+3’ ifx<lorx=>3

—x“+4x — 3, ifl<x<3

Clearly, f(x) is everywhere continuous
Now,

d
(LHDatx = 1) = <—(x2 —4x + 3))
dx
atx=1
= (LHDatx =1) = (2x — 4) 3t x=1 = —2
and,

(RHDatx =1) = (:—x (—x? + 4x — 3))
at x=1

= (RHDatx =1) = (—2x + 4) 4t =1 = 2

Clearly, (LHD atx = 1) # (RHD atx = 1)

So, f(x) is not differentiable at x = 1

Similarly, it can be checked that f(x) is not

differentiable at x = 3 also

ALITER We have,

fx)=|x*—4x+3|=|x—1]|x — 3|

Since, |x — 1| and |x — 3| are not differentiable at

1 and 3 respectively

Therefore, f(x) is not differentiable at x = 1 and

x=3

(9

The point of discontinuity of f(x) are those

points where tan x is infinite.

ie, tanx = tanoo

T
= x=(2n+1)5, nel

(@)

Using graphical transformation
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53

54

55

56

»X
1

-1

.. yv
(i) y =P - 1

(iif) y = [x| - 1]

As, we know the function is not differentiable at6
sharp edges and in figure (iii) y = ||x| — 1| we
have 3 sharp edgesatx = —1,0, 1
~ f(x) is not differentiable at {0, +1}
(9
)}Lr{)l_f(x) = }11_1%2(0 —h)=0
And lim,_ o+ f(x) = ,llirrcl) 20+h)+1=1

Jim £G) # lim, £(x)

f(x) is discontinuous at x = 0
(b)
Draw a rough sketch of y = f(x) and observe its
properties

()

(14 cosx) —sinx

chlir}r (14 cosx) +sinx
2 cos?x/2 — 2(sinx/2) cos x/2
X 2 CoS? x/2 + 2(sinx/2) cos x/2
. T T
= lim tan (Z__) =-1

X—OT

Since, f(x) is continuous atx = 7
« f)=1im f(x) = -1

(d) :

g e F(A=h)=f(1)

f1an) = Jim “h

(1—h—1).sin (1_;_1) -0
—h

= lim
h—0

o
= #E% Sth

And f'(1*) = lim f—(Hh’Z_f(l)

. 1
i (1+h—=1)sin (1+h_1) -0

h—-0 h
1

= lim sin—
h—0 h
fram) = f'(ah)
f is not differentiable at x = 1
Again, now

57

58

59

60

61

o _ (0+h—1)sin(
f107) = lim h
g 07D x ) von(e)

h—0
[using L ‘Hospital’s rule]
=cos1l—sinl

)—sinl

0+h-1

LrmeN 1 (0—-h-1) sin(_;h_)—siru
And f'(0 )—%1_1)1(1) —;)1 L
1 1 . 1
— lim (—h—1) cos (—h—l) ((—h—1)2) —sin (_h_1)
h-0 -1

[using L ‘Hospital’s rule]
=cos1l—sinl
= f'(07) = f'(0%")
~ f is differentiable at x = 0
()
As f(x) is continuous at x = g
~ lim f(x) = lim f(x)

T— x_)TL'T_'.

xX——
2

T T T
=>m5+1=sin§+n=>m5+1=1+n:>n
mm

2

(d)
. f(6)-f(1) . ’ _Y2=V1
Since, == 2 [ f'(x) = —]

= f(6) - f(1) =10 o
= f(6)+2 > 10

= f(6) =8

(b)

We have,

Jm f) 9@) = Jim fC0. im g(x) =m x
=ml

and,

lim, f(x) g(x) = lim, f(x) lim g(x) = im
: lim f(x) g() = lim, f(x) gG) = tm

Hence, lim,_,, f(x) g(x) exists and is equal to Im

(c)
We have,

f'0) = lim

fx+h) - f)

h
INRIWIC)[ORIIC
= 10 = e lim L poety)
= O]
= ) = 10 {py =SB peo

=1+xg)]
= £/00) = f@im g(h) = F() -1 = f(x)
(a)
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x“, x=0
—x%, x<0
Clearly, f(x) is differentiable for all x > 0 and for
allx < 0. So, we check the differentiable at x = 0
Now, (RHD at x = 0)

d 2
(Gr0?)_ = @0 =0
And (LHD at = 0)
d 2
(Gr?) =250 =0
. (LHD atx = 0)=(RHD atx = 0)
So, f(x) is differentiable for all x ie, the set of all
points where f(x) is differentiable is (—oo, 00)

Alternate
It is clear from the graph f(x) is differentiable

We have, f(x) = {

everywhere.
y
X" X
yl
(a)

Since, f'(0) = }}%% =10

= lim fO+h)—-f(O) _ 0
h-0 h

= £(0) (EL%%) =10 ..(¢0)

[+ f(O+h) = f(0)f(h),given]
Now, f(0) = f(0)(0)

=f(0)=1
~ From Eq. (i)
lim IO1— 10 .G

_ 11, J(6+R)—f(6)
Now, f'(6) = 11m 1

= lim (K= 1) £(6) [from Eq. (ii)]

=10x3 =30
(a)
We have,
@ty = 1 +f(x) —/©
x-a X a
- f(a) = tim, 22210
x—a
; Cx-a . .
= f'(a%) = hm(x )cb(X) [~x>a ~|x—al
=x —a]

> f'(@*) = lim $(x)
= f'(a*) = d(@)

[ d(x) is continuous at x =

64

65

67

68

aj

and,
fO) = f(0)
f'@) = m—"—47
= f'(a”) = lim —lx — alot)
x— Xx—a
> f(a) = ;@1% [“x<a :lx—a
=—(x—a)]
= (@) = - lim $(x)
= f'(a™) = —¢(a)
[ d(x) is continuous at x = a]
(b)
LHL= lim_,,(0 — h)e‘(m+m) = lim(~h) = 0
RHL= lim,_,o(0 + h)e‘(#(flw) = lim Q"W =0

LHL=RHL= f(0)
Therefore, f(x) is continuous for all x
Differentiability at x = 0
1 1

, ' (_h)e‘(rﬁ)

O Ty —o 7!
1,1

) _ . he_(ﬁ-'.ﬁ)_o

RO = it
1

= hmam e2/h =0

= Rf'(0)Lf(0)

Therefore, f(x) is not differentiable at x = 0

(d)
We have,

3, x<0
f(x)_{2x+1, x=0

Clearly, f is continuous but not differentiable at
x=0

Now,

f(x]) = 2|x| + 1 forall x

Clearly, f(]x]|) is everywhere continuous but not
differentiable atx = 0

(9

We have,

f(x)=[x—05]+|x—1|+tanx,0 <x < 2

—2x + 1.5+ tanx, 0<x<0.5
=>f(x):{ 0.5+ tanx, 05<x<1
2x — 1.5+ tanx, 1<x<2

It is evident from the above definition that
Lf'(0.5) # Rf'(0.5) and Lf'(1) # Rf'(1)

Also, the function is not continuous at = /2 . So,
it cannot be differentiable thereat

(d)

1 a2 (1 fi

k, forx =0
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) - log(1+ 3x)
limy S = lim 1 T =30

_ log(1 + 3x) (—3x)

= 3x "log(1 — 3x)

=-1

And f(0) =k

 f(x) is continuous at x = 0
k=-1

(d)
Since f(x) is differentiable at x = c. Therefore, it
is continuous atx = ¢

Hence, lim,_,. f(x) = f(c)

(a)

Given, f(x) = ae*! + b |x|?

We know e'*! is not differentiable at x = 0 and
|x|? is differentiable at x = 0

=~ f(x) is differentiable at x = 0, if a = 0 and
beER

(@)
We have,
_(x=x)(=x)=0,x<0
f&) _{(x+x)x: 2x%,x>0
A Y
=2x2
 fe=o 1e=2
X' 0 (
vY'
(1)
A Y
f'(x)=4x
S@=0 )
X' 0 X
vY'’
(i1)

As is evident from the graph of f(x) that it is
continuous and differentiable for all x

Also, we have
" _(0,x<0
fre = {4x,x >0

Clearly, f"(x) is continuous for all x but it is not

72

73

74

differentiableatx = 0

(b)
XL x#1
Given f(x) — 2x2—7x+5’ x
4 1
-=, x=1
3
, x#1
) =423
—§, x=1
v v JA+R) = (1)
f1@) = Jim h
1 1
. 2(1+h)-5 (_ 5)
= lim
h—0 h
1
Py 3+2h—-3 2
— lim 233 = __=
RS0 h no03h(Zh—3) 9

v 1 f(A=h)—f(1)
L' (1) = Jim “h

2(1—1h)—5 N (_ é)

= “h

.y 2 2

o0 3(2h+3) 9
2

L =—3

(b)

fA+h)—f@)
h
_ faA+hn )
im - — lim

- h—0 h-0 h

fa+h _ ¢
h

f'() = lim

Given, lim
h—0
So, ’lliII(l) % must be finite as f'(1) exist and

Illirr(lJ % can be finite only, if (1) = 0 and

lim&=0

h-0 h

1Y = Timg TOFR)
So, f'(1) = }lli’% E— 5
()

Since, f(x) is continuous for every value of R
except {-1, -2}. Now, we have to check that points
Atx = -2
. —2-h)+2
LHL= }ll_r,% (—2—}5)2+3()—2—h)+2
—h
R+h o

. —2+h)+2
RHL= }ll—r}}) (—2+fE)2+3()—2+h)+2
) h
=i =t
= LHL=RHL=f(-2)
~ Itis continuous at x = —2

Now, check for x = —1

s (-1-h)+2
LHL= }zl—% (-1-h)2+3(-1-h)+2

= lim
-0
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76

77

78

1-h

= ;111_% prp— =
o (—14h)+2
RHL= }ll_% (=1+h)2+3(=1+h)+2
1+h

SR @

= LHL=RHL# f(-1)
-~ Itis not continuous at x = —1
The required function is continuous in R — {—1}

(d)

(e* — 1)
f(0) = lim
*>0gin (g) log (1 + E)
y <ex_1>2 %.a §.4 12
= im . ) =
x—0 X 5in§ log(l +E)
= 12.a.4 =12
= a=
(b)
We have,
) = X N X
) =Y e D+ D
X
T DG s
n
X
= f(x) = limz ,for x
f&® n—>°°r=1((r—1)x+1) (rx+1)
#0
5 FG) = i { . ! } f
flx = aoe 4 r—Dx+1 ) E
r=
+0
=>f(x):r111_r)130{1—nx+1}=1,forx¢0

Forx = 0,we have f(x) =0

Thus, we have f(x) = {é ' fc i (())

Clearly, lim,_o- f(x) = lim,_ o+ f(x) # f(0)
So, f(x) is not continuous at x = 0

(b)

If possible, let f(x) + g(x) be continuous. Then,
{f (x) + g(x)} — f (x) must be continuous

= g(x) must be continuous

This is a contradiction to the given fact that g(x)
is discontinuous

Hence, f(x) + g(x) must be discontinuous

(©

We have,

fx+y)=fx)f(y)forallx,y €R

=~ f(0) = f(0)f(0)

= f(O){f(0)-1}=0

SFO =1 [~f(0)#1]

Now,

79

80

82

83

f0)=0
R limf(0+h)—f(0) _5
h—-0 h

= limy,_o L ”2‘1 =2 [+f0)=1] ..»)
flx+h)—f(x)
h

« f'00) = lim

h) —
= 160 = im T OZTE gy
= f(f ]
= ') = f@) {limyo ™57 = 2f() [Using
@]
(b)
We have,
x2
f(X) — m, x#0
0, x=0
2
|[ x7 =X, x>0
= f(x) = { 0, X =
| x?
e = —x, x<0

= limyo- f(x) = limy_o —x = 0,lim,_ o+ f(x) =
limy_ox =0and f(0) =0

So, f(x) is continuous at x = 0. Also, f(x) is
continuous for all other values of x

Hence, f(x) is everywhere continuous

Clearly, Lf'(0) = —1and Rf'(0) = 1

Therefore, f(x) is not differentiable at x = 0

(b)

Since f(x) is continuous at x = 0

~limyLg f(x) =f(0)=>f(0)=2 ..(0)

Now, using L’ Hospital’s rule, we have

lim fo f Q) du = lim )

x—0 X x-0
= f(0) [+ f(x) is continuous at x
= 0]
X
d
= lim,_,, foﬂ# =2 [Using ()]
(<)
f(x)—f(2)
2+ — i
e JH;a( X2
_ 3x+4—(6+4)_1_ 3x—6_3
—er51+ x—2 _xl—>2x—2_
(a)
sinx,x >0
Here, f(x) = { 0, x=0
—sinx, x <0
1 sin|0+h|-sin(0)
RHD= },l_r,% -
_ i sinh 1
i TR
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86

87

88

LHD= lim sin|(0—h)|—sin(0)
h—-0 —-h

__ —sinh

= " =

~ LHD#RHD atx = 0
. f(x) is not derivableatx = 0
Alternate

f(x) = sin [x|

'

y
It is clear from the graph that f(x) is not
differentiable at x = 0

(b)
We have,
fG) =) = (log, )"
n=0
had l e n had 1 e xyn
zﬁmziﬁ%ﬂcEFQ%L
n=0 n=0

= f(x) = e'°8¢ " = g* which is everywhere
continuous and differentiable

()
f(x) = [x] cos [sz— 1] T

Since, [x] is always discontinuous at all integer
value, hence f(x) is discontinuous for all integer
value

(9

The function f is clearly continuous for |x| > 1
We observe that

, 1
im0 =3
1

Also, llmx_)%+ f(x) = ﬁand, llmx_)%— f(x) = )2

Jm f() =1

Thus, f is discontinuous for x = + %,n =123, ..
(9

Since, [f (x) = fW)] < (x — y)?

- OOy

= 1f'MI=<0

= ') =0

= f(y) =constant

= f()=0 = f(A)=0 [+ f(0)=0, given]
(b)

Since ¢(x) = 2x3 — 5 is an increasing function on
(1, 2) such that $(1) = —3 and $(2) = 11
Clearly, between —3 and 11 there are thirteen
points where f(x) = [2x3 — 5] is discontinuous

89

90

91

92

93

(<)

Clearly, [x? + 1] is discontinuous at x =
V2,/3,V4,V/5,v/6,V7,8

Note that it is right continuous at x = 1 but not
left continuous at x = 3

(a)

As is evident from the graph of f(x) that it is
continuous but not differentiable at x = 1

YA
J(x) = [logyo x|
< 5 00 >
vY'
Now,
- f(1
f”(1+) x_)1+ f(x; — ];( )
1+h)—f(1
- ) = i A =T
S (1) = lim loglo(li-ll- h)—0
N log(1+h) 1
= (%) = Jim loge 10~ Tog, 10 [0810¢
1
1-h)—f(1
5 pr1n) = mf( 2RI
g _ o J0gio(L—h) . log.(1—h)
= fra )_}ll—r% = hoo hlog, 10
= —loge
(b)

It can be easily seen from the graph of
f(x) = | cos x | that it is everywhere continuous
but not differentiable at odd multiples of /2

(d)
We have,
1 —lim f(4— ) = lim
x1r£1_f(x) 1mf( )—1m|4 P 4|
: . h
:,}LT—f(x)_}ll_%_ﬁ+a_a_1
= 1 | 4+h dth-4 +b
Jim f(x) = lim (4 +h) = it h—4]

=b+1
and, f(4) =a+b
Since f(x) is continuous at x = 4. Therefore,
lim f(x) = f(4) = lim, f(x)
=2a—1=a+b=b+1=>b=-1landa=1
(b)
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We have,

2% —1
——,-1<x <o, x#0
f)={Vi+x—-1
k, x=0

Since, f(x) is continuous everywhere
Jim f(x) = £(0) ..(D)
200-h)_q

Now, llm f(X) = lim m

h-0
. 27h -1
- hlg%ﬂ -1
= lim IOge
h=0 ZF
=2lim 27 "log, 2V1 —h
= 2log, 2
From Eq. (i),
f(0) = 2log, 2 =log, 4
(b)
We have,

[by L’ Hospital’s rule]

e—l/h -1
lim f(x) = lim f(=h) = }11_%6—1/h 1 -1
and,

1/h e—1/h

L

Aim, f(x) = lim f(h) =
=1

= lim fCo) # lim, f(x)

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

(©

LHL=lim,_,,- f(x) =limy01+(2—-h) =3

RHL= lim,_,,+ f(x) =limpo5—(2+h) =

3 /2=3

Hence, f is continuous at x = 2

NOW, Rf”(Z) — }1111’% f(2+h)_f(2)

h
5—-(2+h)-3
= lim ( ) =-1
h—0 h
" NACRIORIIC)
Lf"(2) = —
1+ (2 —h)—-3
—h -
- Rf"(2) # Lf"(2)
~ f is not differentiable at x = 2
Alternate

lim
h-0eg~1/h

[} S N

It is clear from the graph that f(x) is continuous
everywhere also it is differentiable everywhere

97

98

99

exceptatx = 2

(d)

We have,

fx+y)=fx)f(y) forallx,y € R
Puttingx = 1,y = 0, we get

f(0) = F(DF(0) = f(O)(1 - f(1) =0

=>f()=1 [+ f(0) # 0]

Now,

f'()=2
_ fA+h)-f(1)

= lim =2
h—0 h
 fOf-fQ)

= lim =2
h—0 h

= F =2

> limyoo X2 =2 [Using f(1) =1]  ...(0)

fl+h-f4)

~ f'(4) = lim

h
= f'(4) = lim f (4)f(h}3 ~f®

> f'@) = {;g e )" }f(4)

=>f4)=2f4) [From @]
=>f'(4)=2%x4=8

(d)

We have,

limy1- g(x) = lim,+ g(x) = Land g(1) = 0
So, g(x) is not continuous at x = 1 but

lim,_,; g(x) exists

We have,

Jim f(x) = lim f(1—h) =lim[1-h]=0
and,

xh_)r%f(x) = }llir(l)f(l +h) = illl_l‘{(l)[l +h]l=1

So, lim,_,; f(x) does not exist and so f(x) is not
continuous atx =1

We have, gof (x) = g(f(x)) = g([x]) =0, forall
X €ER
So, gof is continuous for all x
We have,
fog(x) = f(g(x))
_ f(0), x€Z
= fog(x) _{f(xz), XER—-Z
= fog(x) = {[xz](,)' xxEERZ— Z

Which is clearly not continuous

(d)

Atx =1,

RHD= lim,_,» L0
2-(1+h-2-1

:}lli% Y =—1

Page |30



100

101

102

103

LHD= limy,.,o- L2210

. (1-h-2-1)
= lim =
h—0 —h
. LHD#RHD

(d)
Given, f(x) = |x| +|xil

Let f,(x) = Ixl, f,(x) =&

1. LHL= lim,_,¢- f; (x) =xlir(r)1_|x| =0

And RHLleanJrfl(x) = xlirnglxl =0
Here, LHL=RHL=f(0), f; (x) is continuous

2, LHL= lim 2 = jim 1220 —
x—-0" X hﬁO 0-h

-1

RHL= lim X = Jim ="
x-0t X h—>0 h

=1

~ LHL=#RHL, f; (x) is discontinuous

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

()
From the graph it is clear that f(x) is continuous
everywhere but not differentiable at x = 3

(b)
22, e
Given, f(x) =< _ 7 °
(2x 3), ifx < 3
2x-3 2
1, if x> >
B if x>
1, ifx < >
, ifx <3
Now, RHL= lim 3+ fx)= hm 1=1
x—>—
2
And LHL= lirgx_ flx) = lirgl_ (-1 =-
x—>7 x—)7
RHL#LHL
f (x) is discontinuous at x = 2
(©

Since the functions (logt)? and L:t are not

defined on (—1, 2). Therefore, the functions in

options (a) and (b) are not defined on (—1, 2)

. 1-t+t2
The function g(t) = Py is continuous on

104

105

106

107

109

110

(—=1,2) and

f) =[" L= it is the integral function of g(t)

0 1+t+t2
Therefore, f(x) is differentiable on (—1, 2) such

that f'(x) = g(x)
(c)
Since, f(x) =

1-tanx

4x—T

Now, limy_/4 f(x) = limx_,n/4(

. -sec’x) 1
= n)a 4 2

Since, f(x) is continuous at

1-tan x)
4x—TC

m
=%
T 1

xl—l>I7P/4f(x) _f( ) =73

(a)
1—cosx ) 2sin?2
11m f(x) —chl_r)r(l) — - }Cl_r)l’(l) p ({)2 X
2
Also, f(0) =k
For, lirr(l) fx)=f0) = k=0
xX—

(a)
We have,

fO) = lx| +|x -1
—2x +1, x<0
=>f(x)={x—x+1, 0<x<1
x+x—1, x=1
—2x + 1, x <0
=>f(x)={ 1, 0<x<1
2x — 1, x=1
Clearly, limy_o- f(x) = 1 = lim,_,+ f(x) and
limy - f(x) = limx—>1+ f(x)
So, f(x) is continuousatx = 0,1

(d)
2x —sin~1x
0) =lim—
f(0) = 20 2x +tan"1x
2 _ sinT1x
— T x
- chl_r)r(l) 24 tan~1x
2—1 _ 1
2+1 3
(b)
f(1+h) f()
£(1) = Jim L0021
1+h-1 _(1)
- lim 2(14+h)2-7(1+h)+5 3
- h—-0 h
1 1
= lim —(Zh_3 i 5) = lim (—Zh ) _2
h—0 h h-0\3h(2h — 3) 9
(a)

LHL= }lig})f (—g— h) = ;li_r}%z cos (—g - h) =
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. T T (T
RHL= }lllir(l)f(—5+ h) = }ll_r)r(l)Z asm( >t h) +b
=—-a+b
Since, function is continuous.
RHL=LHL = a=05»
From the given options only (a) ie, G,%) satisfies
this condition

(a)

We have,

f'(0)=3

L SO O
x-0 x—0

L i FOHR) —F()
h—-0 h

=3 [Using:(RHD atx = 0) = 3]

. fO)f(h) —1(0)

= lim
h—0 h

“flx+y) = fOf )
~fO+h)=fO)f(M)

= £(0) (lim_o T2 =3 ()
Now, f(x +y) = f(x)f(y) forallx,y € R
= f(0) = £(0)f(0)

= fO{1-f(0}=0=f(0)=1
Putting f(0) = 1in (i), we get

W13 (i)

=3

lirnh—)O

Now,

f'(5) = lim

f(5+h)—f(5)
h
, () -1
o ) = i[OI
= f(5) = {limo L2 f(5) =3x2=6
[Using (ii)]
(9
We have,
flx+h)—f(x)

f'00) = lim

h
I (LT (OR) ()
h

h
)}Lignog(h) =g0) [

g is conti.at x = 0]

= ()" = lim

(b)
The domain of f(x) is [2, o)
We have,

2
f(x)=J(—“2x2_4)+z+sz_4

114

115

117

118

—\2
+J(2x—_4)+2—2m

2

= f(x) =%\/(\/2x—4)2 +4V2x —4 + 4

+%\/(\/2x—4)2—4\/2x—4+4
f/f(x)=%|\/2x—4+2|+%|\/2x—4—2|

1
— X 4, ifv2x —4 < 2
= f(x) = V2
V2:V2x —4, ifV2x—4=2
22,  ifxe[2,4
S f) = { relz
2Vx =2, if x € [4, )
0 ifx €[2,4)
Hence, f'(x) = { 1,
N ifx € (4,0)
(o)
We have,
2 . 1
Cfw-f@  ®sin(p) 1
lim = lim =limxsin—=0
x—0 x—0 x—0 X x—0 X
So, f(x) is differentiable at x = 0 such that
f'(0)=0

For x # 0, we have

£ = 2xsin (1) + 2 cos (3) ()

1 1
= f'(x) = 2 xsin—— cos—
X X

lim cos

x-0

(1)
X

: . 1 .
Since lim,_,, cos (;) does not exist

)

1
. 12 1 i
:>}C1_r)%f (x) —}Cl_r)rg)szmx

=0 — lim cos
x—0

~ lim,_,q f'(x) does not exist
Hence, f'(x) is not continuous at x = 0

(0)
We have,
—— x#0
f&x) = {\/x_2
0, x=0
X 1 x>0
—, #0 ’
=>f(x)={lxl * ={—1, x<0
0, x=0 0, x=0

Clearly, f (x) is not continuous at x = 0

(9

Given, lim,._, [(1 + 3x)%] =k
. ed=k

(b)

For x > 2, we have
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fx) = J{5+ [1—t|}dt
0

1
=>f(x)=f(5+(1—t)dt+f G-0-tvdt
5 1

1
:>f(x)=f (6 —t)dt +
0
¢2]"
6t—7] +[4
0
xZ

=>f(x):1+4x+7

= f(x) =

Thus, we have
5x +1, if

x) ={x?
f() 7+4x+1,

fx(4 + t)dt
1

21"
t+—
2
1

x <2

ifx >2

Clearly, f(x) is everywhere continuous and
differentiable except possibly at x = 2

Now,

lim f(x) =lim5x+1=11
X2 X—2

and,
2

. S _
ler?’rf(x)_;lcl—rg(Z +4x+1>—11

+ lim f(x) = lim, f(x)

x—2~

So, f(x) is continuous at x = 2
Also, we have (LHD at x = 2) = lim,_,,- f'(x) =

limy.,5 =5

(b)

The given function is clearly continuous at all
points except possibly at x = +1
For f(x) to be continuous at x = 1, we must have

lim £(0) = lim £() = £(1)

= limax? + b = lim —
x—1 x—1 |x|

>a+b=1 ..(D)

Clearly, f(x) is differentiable for all x, except
possibly at x = +1. As f(x) is an even function, so
we need to check its differentiability at x = 1 only
For f(x) to be differentiable at x = 1, we must

have
- f)=f@)
lim ———— = lim ————
x-17 x—1 x-1t x—1
1
_ax*+b-1 g~
= lim ——— = lim
x—1 X — x-1x—1
x?—a —-1
= lim = lim £ [“a+b=1
x->1 x—1 x->1x —
~b—1=—qa]

= lima(x + 1) = lim—
x—1 x->1 X

120

121

122

123

124

125

=22a=-1=2>a=-1/2

Puttinga = —1/2 in (i), we get b = 3/2

()

At no point, function is continuous

(@)

It is clear from the figure that f(x) is continuous
everywhere and not differentiable at x = 0 due to
sharp edge

va? —ax + x2 —Va? + ax + x2
Va+x—+va—-x
va? —ax + x% +vVa? + ax + x2

X
va? —ax + x%2 +vVa? + ax + x2
va+x++va—x

X
Va+x++a—x

f&x) =

= lim f(x)

—2ax(va+x ++va—x)

= lim
220 2x (VaZ —ax + xZ + \/a? + ax + x?2)
—a(2
_—e@V@ _
(a+a)
(b)
1—-cos4x
Given, f(x) = { gz X7 0
k x=0
LHL= lim f(x)
x—0~
.. 1—cos4(0—h)
a3 8(0—h)?
.. 1—sin4h
TP
. 4sin4h _ . T
= }ll_r)l’(l) o = 1 [by L ‘Hospital’s rule]

Since, f(x) is continuous at x = 0
f(0)=LHL = k=1
(d)
Given, f(x) =[x — 1] + [x — 2] + cosx
Since, |x — 1|, |x — 2| and cos x are continuous in
[0, 4]
~  f(x) being sum of continuous functions is also
continuous
()

If function f(x) is continuous at x = 0, then

£(0) = lim £(0)
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. 1
f0)=k= }Cl_r)rg)xsm;

k=0 |+ —1<sinz<1]
X
126 (b)
We have,
h(x) = {f ()} +{g()}*
= h'(x) = 2f(x)2f"(x) + 2 g(x) g'(x)
Now,
f'(x) =g(x)and f"(x) = —f(x)
= f"(x) = g'(x) and f" (x) = —f(x)
= —f(x)=g'(x)
Thus, we have
f'(x) =g(x)and g'(x) = —f(x)
~h'(x)=-2g(x)g'(x) +2 g (x)g'(x) =0, for
all x
= h(x) = Constant for all x
But, h(5) = 11. Hence, h(x) = 11 for all x
127 (a)
0, x=0
f)=1x>=1x3 x>0
—x3, x<0
Now, Rf’(0) = lim =2 = ¢
h-0 h
And LF'(0) = lim Z£=%= ¢
h—-0 —h
* Rf'(0)=Lf'(0)=0
~ f'(0)=0
128 (b)
We have,
(LHLatx = 0) = lim f(x) = lim f(0 — h)
n—-0 h—-0
= (LHLatx = 0) = lll_r}% sin~1(cos (—h))
= }ll_rg sin~1(cosh h)
= (LHLatx = 0) =sin™'1 =mn/2
(RHLatx = 0) = lim,_ f(x)
x—-0t
= (RHLatx =0) = }li_r)rg)f(O + h)
= lim sin L(cos h)
= (RHLatx = 0) =sin~1(1) = m/2
and, f(0) = sin"(cos 0) = sin~1(1) = /2
~ (LHLatx = 0) = (RHLatx = 0) = f(0)
So, f(x) is continuous at x = 0
Now,
() = —sinx  sinx
i V1 —cos? x !sinx|
—sinx
- =1,x<0
_ ) —sinx
—sinx
- =—1,x>0
sin x
~(LHDatx=0)=1and (RHDatx =0) = —1
Hence, f(x) is not differentiable at x = 0
129 (d)

130

131

132

For any x # 1, 2, we find that f(x) is the quotient

of two polynomials and a polynomial is

everywhere continuous. Therefore, f(x) is

continuous forall x # 1,2

Continuity at x = 1:

We have,

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

> Jin £

A-h-2)1-h+2)1-h+1D)(A-h—-
I-—h-D(A-h-2)]

B-mMCZ-n(E1-h(-h)

= lim
h—-0

= lim f(x) = lim
x—1"

h—0 |(=m) (=1 -h)|

. _(B3-=-nC2-mnhh+1)
= Jm f(x) = lim h(h + 1) =6
and,
lim f(x) = lim f(1+h)
Jim, £
o (A+h=-2(A+h+2)A+h+ DA +h—
"~ h-0 |(1+h—-1)(1+h-2)]

(h—=1)(B+ h)(2+ h)(h)

Jim, £ = i

|h(h — 1|
) o (h=1)B+h)(2+hh
Jim, 0 = ~lim h(1 - h) =T

~ lim f(x) # lim f(x)

x-1" x—-1F
So, f(x) is not continuous at x = 1
Similarly, f(x) is not continuous at x = 2
(b)

—90 _ _x
Let f(x) = h(x)  1+|x]|

Itis clear that g(x) = x and h(x) = 1 + |x| are
differentiable on (—o0, ) and (—o0, 0) U (0, o)
respectively

Thus, f (x) is differentiable on (=0, 0) U

(0, 0).Now, we have to check the differentiable at
x=0

e f@-fO) T Y1
. lim = lim = lim
x>0 x—20 x>0 X x-01 + |x|
=1
Hence, f(x) is differntaible on (—oo, 00)
(b)
Atx =0,

. 1 . 1
LHL= lim;,_,, Tooom = limy,_,q TR

. 1 . 1
RHL= hmh_,om = limy,_,o 1-e-1/h 1

~ FUnction is not continuous at x = 0

(a)
We have,
fog =1

= fog(x) = x forall x
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134

135

136

137

= f'(g(x))g'(X) = 1forall x

1
= £/(9(@) = === 3= £'0)
1
=5 [ f@=b]
()
Since, }Ci_r)r(l) f(x) = f(0)
_ sinTx _
= alcl—% 5x .
> I=k = k=2 [ lim =2 = 1]
(d)

Given, f(x) = [x],x € (—3.5,100)

As we know greatest integer is discontinuous on
integer values.

In given interval, the integer values are
(-3,-2,-1,0,...,99)

=~ Total numbers of integers are 103.

(a)
. eTUhq 1
=lim =1 | fim m=0 |
1/h_q
RHL= llmf(O +h) = hm el/h+1
1
= lim - el =1
" 1
h-0 1 + el/h
~ LHL#RHL
So, limit does not existatx = 0
(d)
We have,
x4 x4
=x* + +
fO) =x* 1+x it (1+x%)
x4
> fx)=——F—=1+x%ifx#0
1- 1+x*

Clearly, f(x) =0atx =0
Thus, we have

(1 + x4, x#0
fx) = { 0, x=0
Clearly, limy_o- f(x) = lim,_ o+ f(x) = 1 # f(0)
So, f(x) is neither continuous nor differentiable
atx =0

(a)
We have,

1+ x, 0<x<?2
fl) = { - X, 2<x<3

» g(x) = fof (x)
> () = f(f)
£+,

= g(x) = {f(B — ),

0<x<2
2<x<3

138

139

1+(1+x), 0<x<1
=>gx)=<{3-(1+x), 1<x<2

1+(3-x), 2<x<3

2+ x, 0<x<1
=>gx) =42 —x, 1<x<2

4 — x, 2<x<3

Clearly, g(x) is continuous in (0,1) U (1,2) U

(2,3) except possiblyatx = 0,1,2 and 3

We observe that

lim g(x) = lim (2 +x) =2 = g(0)

and lim,_3- g(x) =limy_3-4—x =1 = g(3)

Therefore, g(x) is right continuous at x = 0 and

left continuous atx = 3

Atx = 1, we have

lim g(x) = lim 2+x =3

x—->1" x—-1"

and, lim, _;+ g(x) =lim,_+2—x=1

- Jim 969 # Jim. o)

So, g(x) is not continuous at x = 1

At x = 2, we have

lim g(x) = lim (2—x)=0

x—-27 X—-27

and,

3000 = i (=0 =0

- lim g(x) # lim, g(x)

So, g(x) is not continuous at x = 2

Hence, the set of points of discontinuity of g(x) is

{1,2}

(b)

Since g(x) is the inverse of function f(x)

~ gof(x) = I(x), forall x

Now, gof (x) = I(x), for all x

= gof(x) = x, forall x

= (gof)'(x) =1, forall x

= g’(f(x))f’(x) =1, forall x [Using Chain Rule]
—, forall x

= g'(f(0) = —f( .
= g'(f(0) = f,—(c)

(d)
1
Given, f(x) = {xp cos (;),x #0
0, x=0

Since, f(x) is differentiable at x = 0, therefore it
is continuous atx = 0

= lim f(x) = f(0) =0

[Putting x = c]

1
= lim xpcos<—) =0 = p>0
x—0 X
As f(x) is differentiable at x = 0
lim L9V oyists finitely
x—0 x—0

1
xP cos=—0

= lim

exists finitely
x—0
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141

142

143

= lim xP~! cos= — 0 exists finitely
x—0 X

= p—1>0 = p>1
(a)

y

y =

X! X

y’

It is clear from the graph that f(x) is continuous
everywhere and also differentiable everywhere
exceptatx =0

()

We know that the function
1
d(x) = (x —a)? sin( )
X —a
Is continuous and differentiable at x = a whereas
the function ¥(x) = |x — a| is everywhere

continuous but not differentiable at x = a
Therefore, f(x) is not differentiable at x = 1

(d)
2X _ =X
lim = lim 2*log2 + 27*log 2
x—0 X x—-0
[by L’ Hospital’s rule]
=log4

Since, the function is continuous at x = 0
f(0) =lim f(x) = f(0)=log4
xX—

(@)
As is evident from the graph of f(x) thatitis
continuous but not differentiable at x = 1

YA
S (x) =[log;g x|
o @0
vY'
Now,
"4+ 18 f(X)—f(l)
O =mT o
= f”(1+) — }llgl’(l)f(l + h”)l - f(l)
= f”(1+) — }11_1;% loglO(li':' h) -0
log(1+h) 1

nmeq4+N 1
=100 = Im 3 eg. 10

= =1
log, 10 0810 ¢

144

145

146

f)-f@

FraD =
o 1) = iy LT SO

A=\ s 10810(1_h)_ . log.(1—h)
= f1a7) = |im = I log, 10
= —logye
(a)
We have,
e e S+ h) —f(x)
f'0o) = lim A

0 = LRI
+y)=fx)+f()]
= 160 = im0
S i) = }li_r)rg) sin hhg (h) _ ,111_1}(1) sinh }lli_r)rg)g(h)
=g0) =k
(@)
We have,
—2x +1, x<0
f)=Ixl+lx-1={1 0<x<1
2x —1, 1<x

Clearly,
limy - f(x) =lim,,; 1 =1,1lim,_;+ f(x) =
lim, ,;(2x—1)=1
and, f(1) =2x1-1=1
~ lim f(x) = lim f(x) = f(1)
x—1 x—>1*
So, f(x) is continuous at x = 1

fOO-FQ) _
x—-1

Now, lim,,_,4

iy o LT

. 1-1
llmh_)o Y =0

and,
y f)—f)  f(A+h)—f(1)

im ——— = lim
x-1* x—1 h—0 h

. fO-f1) . 20+h)-1-1
= lim ——— = = lim =2
x-1% x—1 h—0 h

~(LHDatx=1) # (RHDatx =1)
So, f(x) is not differentiable at x = 1
(d)
The given function is differentiable at all points
except possiblyatx = 0
Now,

(RHD atx = 0)

_ f(0+h)—-£(0)
A n
Vvh+1-1

h3/2

= lim
h—-0

h 1
h>0p3/2(Vh+1+1) h>0vh(Vh+1+1)

— 00
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148

149

150

So, the function is not differentiable at x = 0
Hence, the required set is R — {0}

(a)
We have,

fQfG) =) +f) +flxy) -2
1 1
= f@.F(3) = Feo+£(5)+ r -2

= r@.£(3)

=f(0)

1 © f(1) = 2 (Putting x =
+f (;) [ in the given relation)
=>f(x)=x"+1
=>f(2)=2"+1

-

=>5=2"4+1 [+ f(2) =5 (given)]
>n=2

S f)=x2+1=f3B)=10

(b)

We have,

f(x) =%x—1,f0r0 <x<m
. _(—1for0<x<?2
-.{f(x)}—{ 0for2<x<m
_ (tan(—1) = —tan(1),0<x < 2
:tan[f(x)]—{ tan0 = 0, 2<x<m
It is evident from the definition of tan[f (x)] that
lim,_,,- tan[f(x)] = —tan 1 and,
x—-2F tan[f(x)] = 0

So, tan[f (x)] is not continuous at x = 2

Now,
_1 _x—2 1 _ 2
f@ =5x-1=f@) =5 5=

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

lim

x—2

So, tan[f(x)] and tan —] both are discontinuous
atx =2
(9

x cotx

11m(1 + x)cotx = hm {(1 + x)x }

=lim eX®¥ =¢
x—0

Since f(x) is continuous at x = 0
f0) = lim f(x) =e

(b)
=i T_

= £ (5-1)

tan G — h) — cot G - h)

- }Li—% T_p-=r
4 4

. —sec? (% - h) — cosec? (% - h) .
h—0 -1

[by L ‘Hospital’s rule]

151

152

153

154

155

. . . T
Since, f(x) is continuous at x = » then

LHL= f (%)
o a= 4
(@)
If -1 < x <0, then
X X 1
fx) = fltldt= f_tdt:—z(xz—l)
-1
If x > 0, then

0 x

fx) = f—tdt+ f—tdtz%(x2+1)

-1

-1

-1

1
—E(xZ—Z), -1<x<0
.'.f(x): 1
E(x2+1), 0<x

[t can be easily seen that f(x) is continuous at
x=0

So, it is continuous for all x > —1

Also, Rf'(0) = 0 = Lf'(0)

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

—X, -1<x=0
~fl(x) = 0, x=0
X, x>0

Clearly, f'(x) is continuous at x = 0
Consequently, it is continuous for all x > —1 i.e.
forx+1>0

Hence, f and f’ are continuous forx + 1> 0

()
We have,
XM xT
f@) = lim e
1—x2n
= f(X) = 11m m
(1_ =1, if-1<x<1
, if — X
1+0
1-1
= X) = _— i =+
f(x) T+ 1 0, ifx =+1
| 0-1 _
t0+1 -1, if x| >1
Clearly, f(x) is discontinuous at x = +1
(b)

Clearly, 10g |x| is discontinuous at x = 0
fx) = 15 not defined at x = +1

Hence, f(x) is discontinuous atx = 0,1, -1

(@)

For continuity, lir% fx) =k
xX—

sin 3x sin3x 3x
= lim - =k = lim .— =
x-0 Ssinx x-0 3x sin3x
= 3=k
(b)
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163

Since, the function f(x) is continuous
f(0) =RHL f (x) =LHLf (x)
Now, RHL f(X) = lim ‘2800 +log(1=0-h)
h-0 0+h
log(1+ h) +log(1 —h)
m
h—-0 h
I
+h 1-h _

= lim
h—-0

[by L ‘Hospital’s rule]
f(0) =RHL f(x) =0

(d)
(2=, <4
-4 7 ltax<4
fx) = a+b, x=4 = a+b
x—4 1+b,x>4
Ik +b, x>4 x
|x — 4]

LHL= lim_ f(x) =a—-1
x—4+

RHL= lim f(x) =1+0b
x—4+

Since, LHL=RHL= f(4)
> a—1=a+b=b+1
a=1andb =-1

(d)

We have,
( -1

, 0<x<1

! x—1

x)=<1-1

&) — =0, 1<x<?2
x—1

0, x=1
Clearly, limy_4- f(x) » —ooand lim,,_,;+ f(x) =0
So, f(x) is not continuous at x = 1 and hence it is
not differentiable at x = 1

(d)
1—+/2sinx
lim f(x) = lim ———
x_)% x-)% m— 4'X
. —/2cosx 1 . P 1
= lqulT =3 [by L ‘Hospital’s rule]
x—>—
4

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

. l j— T j—
-~ x1_r%f(x)—f(z) = 7= ¢
(a)
We have,
tan x, 0<x<m/4
_ Jcotx, -n/4<x<m/2
fx) = tanx, n/2 < x < 3m/4
cotx, 3m/d<x<m

159 (d)
LHL= lim f(x) =liml—h+a=1+a
x—1" h—-0

RHL= lim f(x) = lim3 — (1 + h)? = 2
x—>1% h—0
For f(x) to be continuous, LHL=RHL

>14+4a=2 = a=1

(b)
LHL= lim
h—-0

160
cos 3(0—h)—cos(0—h)
(0-h)?
cos3h —cosh
h2
—3sin3h + sinh
2h
. —9cos3h+cosh —-9+1
h—-0 2 2
Clim f(O=£(0) = A=—4

()
3_,43 _n\3_,3
LHL= lim =% = Jjm &2
x-a~- Xx—a h-»0 a—-h-a

(a—h—a){(a—h)?+a3+a(a—h)}
—-h

= lim
h—-0

= lim

161

-
= 3a?
Since, f(x) is continuous at x = a
LHL = f(a)
= 3a’=b

Since tan x and cot x are periodic functions with period 7. So, f (x) is also periodic with period =

[t is evident from the graph that f(x) is not continuous at x = m/2. Since f (x) is periodic with period 7. So,

it is not continuous at x = 0, +m /2, + 7, # 3w /2

Also, f(x) is not differentiable x = /4, 3w /4, 51 /4 etc
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166

167

AY
5 5 tan x A cotx! :
X i 5 X
ST 3p DN\ .T O ©m 1mi\ 3z /7
Ty 2. 4 4 2 4 '
E rcot x\V/ tan x rcot xV tan x
v Y’
(o) /1 —cosh\? log(l + (cosh — 1))
= — llm( )
We have, h—0 4h2 cosh—1
fG) = {lxl = |x = 17 4Rt
(—x +x — 1) ifx<o0 % log(1 + 4h?2)
= f(x) ={(x+x—1)72 if0<x<1 sin? h/2 210g(1+(cosh—1))
2 ; —1i
(x—x+ 1)°, ifx>1 = }32%( 2 h2 > cosh—1
1, ifx <0 4h2
:»f(x)={(2x—1)2, ifo<x<1 X— =k
1, ifx>1 10g(41 + 4h?)
oy (0, ifx<Oorifx>1 1 /sinh/2\*log(1+ (cosh— 1))
:f(x)‘{4(2x—1), if0<x<1 :}_@}1‘%< h/2 ) cosh—1
(b) N 4h? —k
We have, log(1 + 4h?)
f(x) — f(xo) 1
1 = i o
f'(x0) or, X — X = 64_k
, (= x)p(x) -0 168 (c
= f'(x0) = lim ° (€) ) , sin5(0—h)
xX=Xo (x — xo) LHL= }llr% f(0O—h) = }lllrr(l)m
= (%) = xll_gclo ¢(x) =d(xo) [ sin5h
e 5
¢ (x) is continuous at x = x| = —lim—2— ==

(b)
Since, lim,_,+ f(x) = f(2) =k
= kz}liir(l)f(2+h)
_ 1 g7t
= k=lim [(2 + h)? + ez-(2+h)]
- 1
S lim [4+h%+4h+e V0] =2
h—-0 4
(c)
For f(x) to be continuous at x = /2, we must
have
Jim, () = f(n/2)
o 1 1 —sinx log sin x B
X2 (r —2x)? log(1 + m? — 4mx + 4x2)
1- cosh>< logcosh
4h? log(1 + 4h?)
1—cosh log{l+cosh—1}
4h? cosh—1
X 4h X
log(1 + 4h?)

= lim
h—-0

= lim
h—-0

cosh—l_k
4h2

k

169

hs0lep o0y 2

S(h-2)
Since, it is continuous at x = 0, therefore
LHL= f(0)

5 1
>=-=k+- > k=2

2 2
()

Since f(x) is continuousat x = 0

~limf(x) =f(0)=0
x-0
= lim x" sin

1
(—>=0=>n>0
x—0 X

f (x) is differentiable at x = 0, if
f0)-f(0)
x—0

1
x™sin=—0
X

lim,_,q exists finitely

= lim,_,q exists finitely

= lim,_,, x™ ! sin G) exists finitely
>n—-1>0=>n>1
Ifn < 1, then lim,_,x" 1sin (%) does not exist

and hence f(x) is not differentiable at x = 0

Page|39



170

171
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173

Hence f(x) is continuous but not differentiable at
x=0for0<n<1liene€(01]

(b)
Clearly, f (x) is not differentiable at x = 3

Now, hhj?- f(x) = %1_1}(1) f(3—h)
=lim |3 —h—3]

h—0
=0

lim, f(x) = lim £(3 + h)
=lim [3+h-3]=0
h—-0
and f(3)=3-3|=0
~ f(x) is continuous at x = 3
()
[t can easily be seen from the graphs of f(x) and
that both are continuous atx = 0
Also, f(x) is not differentiable at x = 0 whereas
g(x) is differentiable at x = 0
(©
We have,
Jim f(x) = lim (0 —h)
—sin(a + 1)h —sinh
—h

= lim
h—-0

= lim f(x) = lim (0 —h)

- (sin(a+ 1)h sinh
- }l‘i‘%{ n O h }
= lim f(x) =limf(0—-h)=(a+1)+1
x>0~ h-0
=a+2
and, lim, o+ f(x) = limy_ f(0 + h)
JEF bR - VR
= hm fx) = 11_r)1;1) WEE
. 1 h+bh*—h
IS0 = h*Obh3/2(m Vh)

1 1

=lim——=—==
mOVIFDbh+1 2
Since, f(x) is continuous at x = 0. Therefore,
lim f(x) = lim f(x) = f(0)
x—=0" x-0%
+ 2 ! !
= = — = = = —
a S=c=2c=z,
€ R — {0}

a=—§ and b

)

For f(x) to be continuous at x = 0, we must have
lim £(x) = £(0)
O -DE* -1 _
= lim
x>04/2 — /2 cos2 x/2
9* -1)(4* -1
L @ oD -
X0 V2.2sin% x/4

174

175

176

177

161 (Z2(E2)

= chlir(l) sinx/2 2
22 (57)
1o =k = 4J/21og9.log4
:2ﬁ10g9.10g4 k =4v2log9.log
= 16v2log3log?2
(b)
Given, f(x) = [tan®x]
Now, lim,_,q f(x) = lim,_g[tan?x] = 0
And f(0) = [tan?0] = 0
Hence, f (x) is continuous at x = 0
(b)
Let, f(x) = x
Which is continuous at x = 0
Also, f(x+y) = f(x) +f()
= f(0+0)=7(0)+/(0)
=0+0
= f(0)=0
f(A+0)=f(1)+f(0)
= f(H)=1+0
= f(H=1
As, it satisfies it.
Hence, f(x) is continous for every values of x

()
Here, gof = { x 2<00
X

» LHD= limy_q %)hgoﬂh)
1-cosh

in
es x,

1-cos x

el—cosh —e

= ’lll_r)r‘(l) " =0
. F(0O+h)—gof(h

RHD= hmh_)og"fgo()

sinh

=0

esmh —e

= m I
Since, RHD=LHD=0
- (gof)' (0) =0
(b)
We have,
1.1
@+ DG = @+ 12,

0, x=0
@+ DG =+ D?E x>0
Clearly, f(x) is everywhere contlnuous except
possiblyatx = 0
At x = 0, we have
lim f(x) = lim (x+1)2 =1
x—-0~" x—-0~

x<0
f(x)

2
and, lim,_,o+ f(x) = lim,_o(x + )% =
lim,_o(x + 1)~%/%

) _ ellm ——log(1+x)

= hm f(x =e?

Clearly, limy - f(x) = lim,_ o+ f(x)
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179

180

181

182

183

So, f(x) is not continuous at x = 0

(b)

Since f(x) is continuous at x = 0. Therefore,
lim £(x) = £(0)
= lim f(x) =k
x—0
log(1 + ax) — log(1 — bx) B

= lim
x—0 X
- log(1 + ax) log(1 — bx)
= alim——— (-b) lim———==
x—0 ax x—>0 —bx
>a+b=k
(c)

Since f(x) is continuousatx = 0
« £(0) = lim f(x)

(27 —2x)1/3 =3

3@ +507 [Form 6]
—(27 2x)" 3( 2)

=>f(0)—1m

= f(0) = lim 2
x=0 2 (243 +5x)75(5)

-(HED3-

e?¥—1-2x

x(e2*-1)
2e2X-2

= I e

_ 482x

31(—>0 4e2X4xe2X

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

lim fG) =f0) = 1=£(0)
(b)

If a function f(x) is continuous at x = a, then it

(d)

lim,_,
[using L ‘Hospital rule]

=1 [using L ‘Hospital’s rule]

may or may not be differentiable at x = a
=~ Option (b) is correct
(©
Let f(x) = |x — 1| + |x — 3|

x—1 +x-3 ,x=3
:{x—1+3—x, 1<x<3

1—-x +3—x, x<1

2x —4,x =3
{2,1Sx<3
4—-2x,x<1
At x = 2, function is
flx)=2
= f'(x)=0
(d)
We have,
~(24d)
f(x)={(x+1)e xx)=(x+1), x <0
1 1
c+1) e &) = 4+ De2/% x>0

Clearly, f(x) is continuous for all x # 0
So, we will check its continuity at x = 0
We have,

(LHLatx =0) = xlirg_f(x) = }Cirr(ll(x +1) =1
(RHL at x = 0) = lim_f(x) = lim(x + 1) e~ /%
x-0% x—0

I x+1
N xl—r>r(1) e2/x
i li
xg{)l—f(x) > x—>01*r'r}(x)

So, f(x) is not continuous at x = 0

Also, f(x) assumes all values from f(—2) to f(2)

and f(2) = 3/e is the maximum value of f (x)
184 (c)

Since, it is a polynomial function, so it is

continuous for every value of x except at x = 2

LHL=lim, ,,-x —1

=lim2—-h-1=1
h—0

RHL= 11m2x—3—11m2(2+h) 3=1

x—-27F
And f(2)=2(2)-3=1
~ LHL+RHL= f(2)
Hence, f(x) is continuous for all real values of x
185 (c)
Continuityatx = 0

LHL=lim,_o- ==

tan
RHL= lim
x—=0T T ho0

~ LHL=RHL= f(0) = 1, it is continuous

Differentiability at x = 0
tan(-h) 1

LHD= limj, o L0 = lim ——

= lim —h

4
h_+2h+

= Jim 22— =0

~ LHD=RHD

Hence, it is differentiable.
186 (b)

We have,

lim f(x) =lim(x—1)=0

x-1 x—-1

and,

lim,_,+ f(x) = limy_,(x3 — 1) = 0. Also,

fH)=1-1=0

So, f(x) is continuousatx = 1

Clearly, (f’(l)) =3andRf'(1) =1

Therefore, f (x) is not differentiable at x = 1
187 (d)

We have,
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189

190

191

x% —x
( 5 =1, ifx<OQQorx>1
x% —x
x% —x
f(x)={—( )_ 1, ifo<x<1
x2 —x
| 1, ifx=0
k -1, ifx=1
_(Lifx<0orx>1
ﬁf(x)_{ —1,if0<x<1
Now,

limyo- f(x) = limy,o 1 = 1and, lim,_,+ f(x) =
lim,_o—1=-1

Clearly, lim,_o- f(x) # lim,_ o+ f(x)

So, f(x) is not continuous at x = 0. It can be easily
seen that it is not continuous at x = 1

(b)

We have,

fG)=1lx—1] +|x — 3]
—(x—1)—(x—3), x<1

=>f(x)=q(x—-1)—(x—13), 1<x<3
(x—1)+ (x—3), x=3
—2x + 4, x <1

= f(x)=4 2, 1<x<3
2x — 4, x =3

Since, f(x) = 2 for 1 < x < 3. Therefore
f'(x) =0forall x € (1,3)

Hence, f'(x) =0atx =2

(d)

We have,

Lf'(0) =0andRf'(0) =0+ cos0° =1
=~ Lf'(0) = Rf'(0)

Hence, f'(x) does not existat x = 0
()
Given, g(x) = (x-1) 0<x<2 m#

log cos™(x-1)’
x—1 x=>1
1—-x x<1
The left hand derivative of |[x — 1| atx = 11is
p=-1
Also, lim g(x) =p=-1

x-1t

0, nareintegersand |x — 1| = {

I A1+h-1)" _
o0 logcos™(L+h—1)
hn
= lim ——=—
R0 mlogcosh
n.h"1
= lim T =1
h=0m (—sinh)
cosh

[using L ‘Hospital’s rule]

. hn—Z
> (=) i

> n=2and>t=1
m

=1

> m=n=2

(9

193

194

195

196

197

. 2x%+7
Given, f(x) = Do)

Since,atx =1,—-1,-3, f(x) =

Hence, function is discontinuous

(@)

LHL= lim,_ - f(x) =limy_, [1=(1=h)?] =0
RHL= lim,_;+ f(x) = lim,_o{1 + (1 + h)?} =2
Also, f(1) =0

= RHL # LHL = f(1)

Hence, f (x) is not continuous at x = 1

()

It is clear from the graph that minimum f(x) is

f)=x+1, Vx€ER
Hence, it is a straight line, so it is differentiable
everywhere

(©)

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

lim (mx+1) = lim, (sinx +n)

X5 x>
T f1=sinc+
= m-—- = SIn— n
2 2
mm
—=n
2
(@)

This function is continuous at x = 0, then
log.(1 + x? tanx)
= f(0
0 sin x3 UG
2 X
loge{l +x (x+ 3 +)}
15

5!

x-0

= lim
x—0 x3

= = f(0)

31
log.(1 + x3)

3 x°  x15
TR
[neglecting higher power of x in x2 tan x]

lim
x—0

=

= f(0)

PR SR S
= lim LS —=f(0)
3! 5!
= 1= f(0)
(a)

Given, f(x) is continuous at x = 0
~ Limit must exist

ie, lim,_qxP sin% = (0)? sin 0 = 0, when,
(1)

Now, RHD= lim,,_,

0<p<om>
hP sinz—0 1
h _ —lim hP~1sin=

h—0 h
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199

200

201

202

(-h)P sin(—%)—o

LHD= lim
-h

h—-0

= lim (—1)PhP~! sin1

h—=0 h
Since, f(x) is not differentiable at x = 0

p<1 ..(i)

From Eqgs.(i) and (iii)), 0 <p <1
(@)
We have,

_ ~ sinx? _ [sinx
lim f(x) = lim = lim 3
x—0 x—0

X x—=0 X

2
>x=1x0
=0=/(0)
So, f(x) is continuous at x = 0. f(x) is also

derivable at x = 0, because
f(x) f0)-f(0) sinx2
-0

sin x2

lim, o ————= = lim,_, = hmx_,o

exists f1n1te1y

(@)

A function f on R into itself is continuous at a
point a in R, iff for each €> 0 there exist § > 0,
such that

IfG) —fl@)l <€ = |x—al<$s
()
We have,
f)=x—|x—x%, —-1<x<1
x+x—x? -1<x<0
=00 = { C(-x®), O0<x<1
_ — x2, -1<x<0
ﬁf(x)"{ ¥, 0<x<1
Clearly, f (x) is continuous at x = 0
Also,
. _ . a2 - _9 _ - _
xl_lr_nﬁf(x) = xll)rzll 2x —x 2—-1 3
= f(-1)
and,
lim f(x) = lim x2=1=fQ)
So, f(x) is rlght continuous at x = —1 and left

continuous atx =1

Hence, f(x) is continuous on [—1, 1]

(b)

Since | sin x | and |e!*! are not differentiable at
x = 0. Therefore, for f(x) to be differentiable at
x = 0, we must have a = 0,b = 0 and c can be any
real number

(a)

We have,

fu+v) =f(u) + kuv — 2v? forallu,v € R
..(i)

Putting u = v = 1, we get
fQ=f1)+k—2=>8=2+k—-2=>k=28
Puttingu = x,v = hin (i), we get

203

204

205

206

DCAM classes

f+h) - f®)

W =kx—2h
fx+h)—-f(x) ,
:>}13_r)r(1) A =kx = f'(x)
=8x [vk=28]
(b)
. =1 2x
Given, f(x) = sin (1+x2)
') 1 y d ( 2x )
= = -
fi oz N2 dx\1+x2
1_(1+x2)
o 1+4x? X2(1—x2)
A +a2)2 (1+x2)?
2 1 —x2 Jif x| < 1
_ % X 1+ x?
1+x27 |1 —x2| 2 .
L if x| > 1

. f'(x) does not exist for |x| = i,ie,x = +1
Hence, f(X) is differentiable on R — {—1, 1}
(@)

LHL= lim,o- f(x) = lim — hsin (ih) -0

RHL= lim,_+ f(x) = hmh sm( ) 0

~ LHL=RHL= f(0), it is contmuous
=1 _ — lim [£C=P -/

LHD= lim,_o- f(x) = }ll_l‘)r(l)[ — ]

L1
[—h smE—O

= lim
h—-0

= f(x) is not differentiable at x = 0

~ f(x) is continuous at x = 0 but not
differentiableat x = 0

(b)

Since, |x — 1] is not differentiable at x = 1

So, f(x) = |x — 1|e* is not differentiable at x = 1
Hence, the required setis R — {1}

(d)

We have,

f'0) = lim

]=does not exist

fx+h)-f)
h

h) —
= 160 = i IO ZTO iy
=/
-

= f'(x) = f(x) 11m

1+hg(h)G(h)—1
= /@) = () - i, : g (e

= £/() = f@) - limg(h) G(h)
= £'(0) = £ lim G(h) lim g(h) = ab f(x)
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