T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

CONTINUITY AND DIFFERENTIABILITY

Single Correct Answer Type

1. Let[x] denotes the greatest integer less than or equal to x and f(x) = [tan® x]. Then,
a) li_r;‘{nl f (x) does not exist

b} f(x) is continuous at x = 0
c) f(x) is not differentiable atx = 0

df =1
2. The value of f(0) so that S +2)

X

a) Iog@) A c) 4 d)—1+log2

3. 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
_( [eosm x],x <1

]ff(x)‘{|x—2|, 2>x2 1

a) Discontinuous and non-differentiable atx = —landx =1

b) Continuous and differentiable at x = 0

c) Discontinuousatx = 1/2

d) Continuous but not differentiable at x = 2

|x+2|
IFf(x) = {“““m—z)’x *

2, x=-2
a) Continuous atx = =2
b) Not continuous x = —2
c) Differentiableatx = =2
d) Continuous but not derivable at x = —2
6. Iff(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
) f(x) is neither continuous nor differentiable atx = +1
d) None of the above

7. Iff'(a) = 2and f(a) = 4, then lim Mequa]s
X—=a

X=a
a)2a—4 b) 4 — 2a c) 2a+4 d) None of these
8. 1Iff(x) = x(vx + 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 differentiable atx = 0 d) None of the above

may be continuous atx = 0 is

then f(x) is

=% then f(x)is

& <
el If f(x) = {T;b—:?;;xb-f—t,u;; 11 then, f (x) is continuous and differentiable at x = 1, if
aJce=0,a=2b b)a=b,ceR cJa=b,c=0 dja=bc#0
10. Ix—3], x=1
For the function f(x) = {ﬁ _3x 13 which one of the following is incorrect?
1 2 4!
a) Continuousatx =1  bh) Derivableatx =1 c) Continuousatx =3  d) Derivableatx = 3
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11. Iff: R = R is defined by
2sinx —sin2x

fx) = 2x cosx ,ifx #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
12. f(x) = x + |x| is continuous for
a) x € (—o0,0) b) x € (=00, ) — {0} c) Onlyx >0 d) No value of x
13. If the function
oz B . T
{1 + |sin x|}isina1, —E<x< 0
flx)= b, x=0

tan 2x

tan 2x T
etanax, 0<x < g

Is continuous atx = 0

2 2
at}a::=}t;)geb,.b=§ b]b=]ggea,a=§ ¢)a=log,b,b=2 d) None of these
14. ke x* x? x? _
IEf(x) ="+ 5+ Gz T+ e T thenatx = 0, f(x)

a) Has no limit

b) Is discontinuous

¢) Is continuous but not differentiable
d) Is differentiable

15 Letf(x) = {1 + SIIr; %, : 0 ;; *UE /2 then what is the value of f'(x) atx = 0?
a)l b) -1 c) oo d) Does not exist
16. The function f(x) = x — |x — x%|is
a) Continucus atx = 1 b) Discontinuous atx = 1
c) Notdefinedatx =1 d) None of the above
17. Iff(x +y+2) = f(x).f(¥).f(2) forall x,y,zand f(2) = 4, f'(0) = 3, then f'(2) equals
a) 12 b) 9 c) 16 d) 6
18. If f(x) = |log, |x| |, then f'(x) equals
a) I—il,x #0

b)%fm« x| > 1and’?1for x| <1
c) _Tlfm' |x| > 1and§fm‘ x| <1

d]lfor |x] > Oand —=forx < 0
X x

l-cosx

19. femiint
If the function f(x) = { 5 AREED is continuous at x = 0, then the value of k is
k, forx=20
a) 1 b) 0 d)-1

1
c) 3
20. Function f(x) =|x—1|+|x—2|,x €ERis
a) Differentiable everywhere in R
b) Except x = 1 and x = 2 differentiable everywhere in R
c) Not continuousatx =landx = 2
d) Increasing in R

21 The set of points where the function f(x) = v 1 — e~*" is differentiable is
a) (—oo, ) b) (—oo,0) U (0,0) c) (—1,00) d) None of these
22. 1ff(x) = xsin G)x # 0, then the value of function at x = 0, so that the function is continuous at x = 0 is

S S N S S M S R M S NN R R S S S N N R RN S M SN S SN S M SR M R M N N S RS RN NN R N S S S M SN SN S M R SN M SN SN M R M S S M S R R e
S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)

Get More Learning Materials Here : & m @) www.studentbro.in



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

a) 1l b) -1 c) 0 d) Indeterminate
23. ; ; _ 2-(256-7 x)1/® : ; o g
The value of f(0) so that the function f(x) = W(x # 0) is continuous everywhere, is given by
a) —1 b)1 c) 26 d) None of these
24. The derivative of f(x) = |x|*atx = 0 s
a) -1 b)0 c) Does not exist d) None of these
25. (a¥-1)* —x#0
Iff(x) = sin(%) 10%(”%} 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) 0

26, f(x)=|[x]+x|in-1<x=<2is
a) Continuous atx =0
b) Discontinuous atx = 1
c) Not differentiable atx = 2,0
d) All the above
27. Letf(x) = [x® — 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 c) 6 d) 7
28. Ify = cos ' cos(|x]| — f(x)), where
Lifx>0
f(x) =4—1,if x < 0.Then, (dy/dx) x = Sffis equal to
0,if x=20
a) -1 b) 1
c) 0 d) Cannot be determined

29. Letf(x+v) = f(x)+ f(¥)and f(x) = x? g(x) forall x,y € R, where g(x) is continuous function. Then,
f'(x) is equal to
a) g'(x) b) g(0) c) g(0) +g'(x) d) 0

Let a function f(x) be defined by f(x) = {(} x;;c g ; ?Q Then, f(x) is

30.

a) Everywhere continuous

b) Nowhere continuous

c) Continuous only at some points

d) Discontinuous only at some points

_ A . o
31 The function £(x) = {1 2xi|—3x 4x° + xto_ocllx -1 .
a) Continuous and derivableatx = —1
b) Neither continuous nor derivable at x = =1
c) Continuous but not derivable at x = —1

d) None of these
. —xin-a<
32. f(x):{Za ¥xin-a<x<a

, . ) .. "
3x—2a in a<x . Then, which of the following is true’

a) f(x) is discontinuous atx = a b) f(x) is not differentiable at x = a
c) f(x) is differentiable atx = a d) f(x) is continuous atallx < a

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

34. If f(x) = [xsinm x], then which of the following is incorrect?
a) f(x) is continuous atx = 0
b) f(x) is continuous in (—1,0)
c) f(x) is differentiable atx = 1
d) f(x) is differentiable in (=1, 1)
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35

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Lx<0
If f(x) = {1 SRR g then derivative of f(x)atx =0
a) Isequalto 1 b) Isequal 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*tax+4 x=-1
fx) _{ ax+bh x<-1 then
a)a=2,b=-3 b)a=3,b=2 c)a=—2,h=-3 d)ja=-3,h=-2
xlogcosx
Iff(x) = {log(ﬂxz)’ e 0, then
0, x=0

a) f(x) is not continuous atx = 0
b) f(x) is not continuous and differentiable at x = 0
c) 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=z2
aA)A=3+B,B+3 b)A=34+8,B=3 c)A=3+8 d) None of these
|x — 4|, forx =1
i fx) = {(x3/2) —x2 4 3x+ (1/2),forx < 1"
a) f(x) is continuous atx = 1and x = 4
b} f(x) is differentiable at x = 4
¢) f(x) is continuous and differentiable atx = 1
d) f(x) is not continuous atx = 1
The function f(x) = a[x + 1] + b[x — 1], where [x] is the greatest integer function, is continuous at x = 1,
is

hen

aja+b=0 bJa=b c)2a—b=0 d) None of these

Let f(x) = {;{5[1;;' Z;% andA € R, thenatx =0

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

c) f is continuous only, whatever A may he d) None of the above

If for a continuous function f, f(0) = f(1) =0, f'(1) = 2 and y(x) = f(ex}eﬂx]', then ¥'(0) is equal to

a)l b) 2 c) 0 d) None of these
ax?—b, x| <1 _

Iff(x) = j |1?| x| = 1 is differentiable at x = 1, then

a)a=%,b=—% b]a=—%,b=—§ C)C[=b=% d]a=b=—%

Let f(x) = %, 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)=0forallx

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

The value of k which makes f(x) = {sin(l/k), F#D continuous atx = 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 € (—c0,®) is
a) Continuous at all points b) Differentiable at all points
a Differentiable at all points except at x = 1 and x =d) None of the above
-1
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47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

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,
a) f(x) is bounded b) f(%) —“0asx—0 c)xf(x) = lasx —=0 d) f(x)=Inx

Suppose a function f(x) satisfies the following conditions for all x and y: (i) f(x + v) = f(x)f(y) (ii)
f(x) =14+ xg(x)loga, wherea > 1 and lin&g(x) = 1. Then, f'(x) is equal to
X

a) loga b) log a’ ™ c) log(f(x)°® d) None of these
Let g(x) be the inverse of the function f(x) and f'(x) = 1_:;(3. Then, g'(x) is equal to
1 1 3 3
ay 7 .3 L) T o : d
)1+(g(x})3 ]1 + () ) 1+ (g(x)) )1+ (f ()
If f(x) = |x? — 4x + 3|, then
a)f'{ll)=—1and f'(3) =1
b) f'(1) = —1 and f'(3) does not exist
¢) f'(1) = —1 does notexistand f'(3) = 1
d) Both f'(1) and f'(3) do not exist
The points of discontinuity of tan x are
T
a)nm,n €l b)2na,nel c) (2n+ l)E,n €l d) None of these
Let f(x) = ||x| — 1|, then points where f(x) is not differentiable, is/(are)
a)0,+1 b) +1 c) 0 d)1
__{2x, x<0
=13, 1, x > 0 Then
a) f(x) is continuous at b) f(|x]) is continuous at 0 f (x) is discontinuous atd) None of the above

x=10 x=0 x=0

Let f(x) = [x] + \j'x——[x] where [x] denotes the greatest integer function. Then,
a) f(x) is continuous on R*

b) f(x) is continuous on R

c) f(x)is continuouson R — 2

d) None of these

1-sinx+cosx

The function f(x) = mis not defined atx = m. The value of f (i), so that f(x) is continuous atx =
7, is
a)-1/2 b) ¥ c) -1 d)1
L1 .
Letf(x) = {(x -4 Smxfif' I 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 differentiable atx = Oandatx =1

d) f is differentiable at x = Q but notatx = 1

mx+1, x<Z .
Iff(x)=1 o 18 continuous at x = —, then
sinx +n, x> - z
nm mi s
ajm=1n=20 b]m=T+1 C]H=T d]m=n=5
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

If lim f(x) =1= lim g(x)and lim f(x) =m lim g(x), then the function f(x) g(x)
x—+at x—a- x—+a~ x—at

a) Is not continuous atx = a
b) Has a limit when x — a and it is equal to Im
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c) Is continuousatx = a
d) Has a limit when x = a but it is not equal to Im

60. Let f(x) be a function satisfying f(x + y) = f(x)f(y) forallx,y € Rand f(x) = 1+ x g (x) where
li—% g(x) = 1. Then, f'(x) is equal to

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

a) (—oo, ) b) (—¢2,0) U (0,20) c) (0,00) d) [0, =)
62. Iff(x+v)=f(x)f(y)forallreal xandy, f(6) = 3 and f'(0) = 10, then f'(6) is

a) 30 b) 13 c) 10 d) o
63. If f(x) = |x — a|p(x), where ¢p(x) is continuous function, then

a) f'(a*) = ¢(a) b) f'(a™) = d(a) c) f'(@*) = f'(a”) d) None of these
64. *(pi_ﬁ%) )

Iff(x) = {xe o s P X F 0, then f(x) is

a) Continuous as well as differentiable for all x
b) Continuous for all x but not differentiable at x = 0
c) Neither differentiable nor continuousatx = 0

d) Discontinuous everywhere
65. 3 x<0
G = {3 41, x o them
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 differentiableatx = 0

d) Both f(x) and f(|x|) are not differentiable at x = 0
66. ]f?ﬂ% exists finitely, then

) lim (0 = ()

b) lim f'(x) = f'(c)

c) LIEE f(x) does not exist

d) Li_r.t‘]:f{x) may or may not exist

67. 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

a) 1 b) 2 K d) 4
65. If f(x) = {log“_m(l Bl T e T 0, then k is equal to
k, forx =10
a) -2 b) 2 91 dj -1

69. Let f(x) be a function differentiable at x = c. Then, lim f(x) equals
X3

1 d) None of these
a) f'(c b) f'(c c) —
) f(e) ) f(c) )f(C)
70. 1ff(x) = ae™ + b|x|?; a,b € R and f(x) is differentiable at x = 0. Then @ and b are
a)a=0,b€R b)a=1b=2 Q) b=0,a€R da=4b=5

71. 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) " is continuous

1

72 —zx_l , for x #1
) =42 , then f'(1) is equal to
e for x=1
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1 2 1 1
a) —= b) —— c) —— d) =
) 9 ) 9 ) 3 ) 3
73. Suppose f(x) is differentiable at x = 1 and }iin?]%f(l + h) = 5, then f'(1) equals
a) 6 b) 5 c) 4 d) 3

74. If f:R = R is defined by
x+2 i
o - [mam, ifx €R —{-1,-2}

1, ifx=—2 then fiscontinuous on the set
0, if x=-1
a)R b) R —{-2} c) R—{-1} dR-(-1,-2)
75 Let flx) = ﬁa;;i) for x # 0 andf (0) = 12.If f is continuous at x = 0, then the value of a is equal to
a 4
a) 1l b) -1 c) 2 d) 3

76. Ifa function f(x) is given by f(x) = % + (x+1JJ[rzx+1) (2x+1;3x+1} +.cothenatx =0, f(x)

a) Has no limit
b) Is not continuous
c) Is continuous but not differentiable
d) Is differentiable
77. 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) forallx
d) None of these
78. Afunction f: R — R satisfies the equation f(x + y) = f(x)f(y) forallx,y € Rand f(x) = 0forallx € 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

79. Ll
Consider f(x) = {lx|’ E#0

0 x=0
a) f(x) is discontinuous everywhere
b) f(x) is continuous everywhere
¢) f'(x) exists in (—1,1)
d) f'(x) exists in (=2, 2)
80, If f(x)is continuous atx = 0 and f(0) = 2, then
T Jo flwau
im———is

x-0 X
a)o b) 2 c) f(2) d) None of these

81. Letf(x+y) = f(x)f(y)forallx,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

82. x—5, forx=<1

Iff(x) =44x? -9, for 1< x < 2,thenf'(2%)isequal to
3x+4, forx=2

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

84. If f(x) = Z,ngi—?:(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
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85. The function f(x) = [x] cos [Mz—_l] m where [.] denotes the greatest integer function, is discontinuous at

a) All x b) No x
¢) All integer points d) x which is not an integer
86. 1, |x|=1
i - g -
The function f(x) = == x| < —,n=23..
0, x=0

a) Is discontinuous at finitely many points
b) Is continuous everywhere

c) Is discontinuous only atx = i%, neZ—{0}andx=0
d) None of these

87. Let f is a real-valued differentiable function satisfying |f(x) — f(y)| < (x —=¥)?, x,y € R and f(0) =0,
then f(1) equals
a)1l b) 2 c) 0 d) -1

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

a) 0 b) 13 c) 10 d) 3
89. 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

90. Iff(x) =|logiox |, thenatx =1
a) f(x) is continuous and f'(1*) = log,pe, f'(17) = —log e
b) f(x) is continuous and f'(1%) = logpe, f'(17) = logg e
c) f(x) is continuous and f'(17) = logpe, f'(17) = —logp e
d) None of these

91. The function f(x) = |cosx | 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) m/2,n € Z
d) None of these

92. X2 fax<4
|x—4]
Letf(x)=¢a+b, x=4
x—4
] +b,x>4
Then, f(x) is continuous at x = 4 when
ajJa=0,b=0 bla=1b=1 cJa=-1,b=1 dja=1b=-1
93. 271

—1l<x<oo x¥0

Iff(x) = {\-’H-x—l 3 is continuous everywhere, then k is equal to

k, x=0
a) %logg 2 b) log, 4 c) log,. 8 d) log, 2
o The function f(x) = {xn Si{}n G) ' E 2 is continuous and differentiable at x = 0, if
a)ne(0,1] ]:I:]J;l_E [1,00) c)n € (1,e0) d)n € (—o0,0)
= The function f(x) = {%x *0
0, x=0

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

96. 14+x x=< 2
A function f(x) = { T o I8
a) Not continuous atx = 2 b) DifferentiBable at x = 2
c) Continuous but not differentiable at = 2 d) None of the above
97. 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

Let f(x) = [dland g0 ={ . * 257

a) ll_r:r{ g(x) exists, but g(x) is not continuous atx =1

98.

Then, which one of the following is incorrect?

b) lin} f(x) does not exist and f(x) is not continuous atx = 1
X

c) gofis continuous for all x
d) fog is continuous for all x
x; for 0<x<1
IFf(%) = [2 ~x, for 1 < x < 2.Then, f'(1) is equal to
x— (1/2)x?, for x =2
a) -1 b)1 )0 d) None of these
100. The function f(x) = |x| + = |x|

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

99.

& P & X - ]
¢) Discontinuous at origin because both |x| andl—x—lare discontinuous there

. . _— X, . .
d) Discontinuous at the origin because u15 discontinuous there
x

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 = %the function f(x) = %
a) Continuous b) Discontinuous c) Differentiable d) Non-zero
103. The following functions are clifferentiable on(—1,2)
}j_x(l - b]J_ smt 5 f foodidi t2 d) None of these
E e G Trev?
104. Letf(x) = a tinx, X # E, x € [G’E]' If f(x) is continuous in [0, ;L;-],then f(f-—) is
a) 1l b)1/2 c) -1/2 d) -1
105. 1-cosx x 0
If f(x) = { x ! is continuous at x = 0, then the value of k is
k, x=0
a)0 1 1 1
b) - c) — d) ——
)3 ) 3 ) -3

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

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

function is continuous there, is
1

7 b)1
3

2x-sin™

i ,1_-1 ,if x # 0. The value of f to be assigned at x = 0 so that the

2 1
£ =
©)3 )3
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108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

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

s 2':1 —, forx#1
If f(x) =775 ,then f'(1) is equal to
-5 forx=1

1 2 d)1/3
. b) —= — ¥
2) 5 ) -5 )
If f: R — R given by
Z2cosx,if x < —%
f(x)=4qa+sinx + b, if—g <x< Eis a continuous
1+cos?x, ifx> ;i
Function on R, then (a, b) is equal to
a) (1/2,1/2) b) (0, -1) c) (0,2) d) (1,0)
Iff(x+v)=fx)f(y) forallx,y € R, f(5) = 2, f'(0) = 3. Then f'(5) equals
a)6 b) 3 c)5 d) None of these
Let f(x) be a function satisfying f(x + y) = f(x) + f(¥) and f(x) = x g (x) for all x, ¥ € R, where g(x) is

continuous. Then,

a) f'(x) = g'(x) b) f'(x) = g(x) c) f'(x) = g(0) d) None of these
Iff(x) = Ve+2V2x —d+Jx—2VZx -4, then f(x) is differentiable on
a) (—oo, ) b) [2, ) — {4} c) [2,00) d) None of these
. (1
Iff(x) = {x"’ 2 (E)’ T 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 atx = 0
c) f is derivable at x = 0 and f' is not continuous at x = 0
d) f'is derivable at x = 0

X
If a function f(x) is defined as f(x) = {?’ 3 ;:OD then

, x=

a) f(x) is continuous at x = 0 but not differentiable at x = 0
b) f(x) is continuous as well as differentiableat x = 0
c) f(x) is discontinuous atx = 0
d) None of these
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 = % + E, neZz
d) f(x) is differentiableatx =nm,n € Z
ii_l:%[(l + 3x)Y/*] = k, then for continuity at x = 0, k is

a)3 b) -3 & -
x "
Let f(x) = {fu {541 —¢t|}dt,ifx > 2
Sx+1,ifx<2

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

b) f(x) is continuous but not differentiable atx = 2
¢) [(x) is everywhere differentiable

d) The right derivative of f(x) at x = 2 does not exist
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119. = for x| = 1
ax®+bfor|x| <1
If f(x) is continuous and differentiable at any point, then
1 3 1 3 d) None of these
:—,b:—— b :_—,b:— C =1‘b=—1
a)a g 5 Ja 5 5 )a
120. X, if x is rational

If function f(x) = {1 —x, ifxis irrational’ then the number of points at which f(x) is continuous, is

a) o b)1 c) 0 d) None of these
121. The function f(x) = e " is
a) Continuous everywhere but not differentiable at b) Continuous and differentiable everywhere

x=0
¢) Not continuous atx = 0 d) None of the above
122. The value of f(0), so that the function
() va? — ax + x2 —Va? + ax + x?
4l
va+x—-+va—-x
Becomes continuous for all x, is given by
a) a’/? b) a'/? ¢) —al/? d) —a®/?

123. The value of k for which the function
1-cos4x

flx)= { gxz '* is continuous ata = 0, is
k x=0
a)k=0 b)k=1 c)k=-1 d) None of these
124. The number of points at which the function f(x) = (|Jx — 1] + |x — 2| + cosx) where x € [0, 4] is not
continuous, is

a) 1 b) 2 c) 3 d)o
125, i
If f(x)= {;::sm = L is continuous at x = 0, then the value of k is
i x=0
a)l b)-1 c) 0 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. If h(5) = 11, then h(10) is equal to

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

128. Let function f(x) = sin~'(cos x), is
a) Discontinuous atx = 0
b) Continuous atx =0
c) Differentiable atx =0
d) None of these

129. %’x +1,2
Let f(x) = 6 x=10 Then, f(x) is continuous on the set
12, x=2
a) R b) R — {1} ) R — {2} d) R — (1,2
130. The set of points, where f(x) = %le is differentiable, is
a) (-0, -1 U (-1,2) b) (-0, 0x) c) (0,0) d) (=o0,0) U (0, )

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

Thatid f(x), is
a) Continuous atx = 0
b) Not continuous atx = 0
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c) Both continuous and differentiable at x = 0
d) Not defined atx = 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. L S
Let f(x) ={ s5x ' ,if f(x) is continuous at x = 0, then k is equal to
k, x=0
i 5
e b)2 c) 1 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 ell.r'x_l

For the functionf (x) = T
a) li_r:.a f (x) does not exist
b) lim f(x) =1

c) lin%f(x) exists but f(x) is not continuous atx = 0
X—

x = 0, which of the following is correct?

d) f(x) is continuous atx = 0
136. = kg x* _ ;
Ifflx)=x +1+x“+(1+x4)2+ tocothenatx = 0, f(x) is

a) Continuous but not differentiable
b) Differentiable

¢) Continuous

d) None of these

137, _(14+x 0=sx<=2
”f(x)—{a-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)—— c) fl(c
) (e ) 0 ) f(e)

139. P =

Iff(x) = {x e (:c) % #0 is differentiable at x = 0, then

0, =0

ajp<0 bj0<p<1 c)p=1 djp>1
140. At x = 0, the function f(x) = |x] is

a) Continuous but not differentiable b) Discontinuous and differentiable

¢) Discontinuous and not differentiable d) Continuous and differentiable
141. By (L S

If f(x)= {(x 2)*sin (x-z) e —1], x 2 then the set of points where f(x) is differentiable, is

—1, x=2

a)R b) R — {1, 2} c) 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 atx = 0, is

a)o b) log 2 c) 4 d) log4

143.1f f(x) = |log, x|, then
a) f'(1M)=1,f(17)=-1
b) f/(17)=-1,f(1") =0
Qf(M=1F1)=0
d) f'(1) = -1,f'(1*) = —1
144. Let f(x) be a function such that f(x + ¥) = f(x) + f(¥) and f(x) = sinx g(x) forallx,y E 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
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145. The function f(x) = |x| + |x — 1], is
a) Continuous at x = 1, but not differentiable
b) Both continuous and differentiableatx = 1
¢) Not continuous atx = 1
d) None of these

146. VETI-1

The set of points of differentiability of the function f(x) = { x ' forx # 0 is
0,forx=20
a)R b) [0, 0] c) (—o2,0) 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
a) 10 b) 24 c) 15 d) None of these
148.1f f(x) = % x — 1, then on the interval [0, 7],

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

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

¢) tan[f(x)] and f ~'(x) are both continuous
d) tan[f (x)] s continuous butﬁ is not

149.1If f(x) = (x + 1)%°™* be continuous at = 0, then f(0) is equal to

a)0 b) —e c) e d) None of these
150 tani:iotx . ¥ = % ]T
Let f(x) = # . the value of a so that f(x) is continuous atx = = is
a, x=-
4
a) 2 b) 4 c) 3 d) 1

1510f f(x) = [, It dt,x > —1, then
a) f and f' are continuous forx + 1> 0
b) f is continuous but f'isnotsoforx +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

puses B A ;
flx)= rif-].'gox-ﬂﬂ"’n € Zis
a) {1} b) {—1} c) {—1,1} d) None of these
153. The number of points of discontinuity of the function
o A
f(x) = oy s
a) 4 b) 3 c) 2 d) 1
154‘ sin3x
flx) = {sinx ; x#0 is continuous, if k is
k, x=0
a) 3 b) 0 c) -3 d) -1
155. For the function )= Iog"’(ﬂx}:mg“’(l_x] to be continuous at = 0, the value of f(0) is
a) -1 b) 0 c) -2 d) 2
156. 4 ta x<4
lx—4] =
Letf(x)=4 a+b x=4
x—4
Py +b x>4
Then, f(x) is continuous at x = 4, when
a)a=0,b=0 bja=1,b=1 cJa=-1,b=1 dja=1,b=-1
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[x]-1

]f'f(x){x_—f'x#_ 1

0, x=1
a) Continuous and differentiable
b) Differentiable but not continuous
c) Continuous but not differentiable
d) Neither continuous nor differentiable

157.
thenatx =1, f(x) is

158. 1-+Zsinx ., m
— ifx#—_ ) 5 )
Iff(x) =+ 7% « iscontinuous at, then a is equal to
a, ifx= . *
a) 4 b) 2 c) 1 d) 1/4
159, x+aifx <1

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

3—x% ifx>1
a) 4 b) 3 c) 2 d)1
160.1f f: R = R is defined by

CO53X—=C0SX for x = 0
flx) = { x? ! and if f is continuous at x = 0, then 4 is equal to
A, forx=10

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

For the function f(x) = { pr— = e if f(x) is continuous at x = a, then b is equal to

b, =i

a) a? b) 2a* c) 3a® d) 4a?

162. Ify = f(x) = 2; where u = L, then the function is discontinuous at x =
us+u—-1 x—1
a)1l b)1/2 c) 2 d) -2

163. If f(x) = Min {tanx, cotx}, then
a) f(x) is not differentiable at x = 0, /4,57 /4
b) f(x) is continuous at x = 0,7/2, 37 /2
/2

c]j f(x)dx = Inv2
0

d) f(x) is periodic with period %
164.1f f(x) = {|x| — |x — 1}?, then f’'(x) equals

a) 0 for all x

b) 2{|x| — |x — 1}

{l] forx <0Oandforx > 1
VN 4@x—Dfor0<x<1
d { 0forx <0
) 42x — 1forx >0

165. 1f f (x) = (x — x¢)d(x) and ¢ (x) is continuous at x = x, then f'(x,) is equal to

a) ¢'(xg) b) ¢(xy) c) xp(xg) d) None of these

166. The function defined by
Bl
f(x) = [(x + ez_x) X # 2 5 continuous from right at the point x = 2, then k is equal to
k, x=2
a)0 b) 1 ) _1 d) None of these
4 2

167. 1=sinx logsinx S "

If f(x) = { 720" “03“”2_4’;""”2)‘ ? is continuous at x = m/2, then k =

k, x = p=
1 1 1 1
a) —— b) —— c) —— d) ——
) 16 ) 32 ) 64 ) 28
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168. sin 5x

, x=#0
Iff(x) = XZH’; is continuous at x = 0, then the value of k is
k +E, x=0
a)1 b) -2 €) 2 d]l
2
169. g
Let f(x) = {x f;"x‘ X 0. Then, f(x) is continuous but not differentiable at x = 0, if
y X =
a)jn € (0,1] b)n € [1,00) c) n € (—ow,0) dn=0
170. |x — 3|, ifx=1
The function f(x) = {%2_3%1_1?3' <15

a) Continuous and differentiable at x = 3
b) Continuous at x = 3, but not differentiable at x = 3
c) continuous and differentiable everywhere
d) continuous at x = 1, but not differentiable at x = 1
171. Let f(x) = |x| and g(x) = |x?|, then
a) f(x) and g(x) Both are continuous atx = 0
b) f(x) and g(x) Both are differentiable at x = 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
172. sin(a+1)x+sinx

- X <0
Iff(x) = c, x=40 is continuous at x = 0, then
Vx+bxZ—x
“oxvr ¥ 70
.
a=7z0=0e=g
3 1
bla=—-=b=1c=-=
)a 7 ,C >
3 1
cla=—=,bER—-{0}c==
) a 7 {0}, ¢ >

d) None of these

173. 36%—0% —4%41 T '

Iff(x) = {ﬁ-v’rc—;si'o is continuous at x = 0, then k equals

a) 16vZlog2log3 b) 16v2In6 ¢) 16¥21In2In3 d) None of these
174. Let [ ] denotes the greatest integer function andf(x) = [tan? x]. Then,

a) li_l’};l}f (x) does not exist b) f(x) is continuous atx = 0

c) f(x) is not differentiable at x = 0 d)f(x)=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(), ¥ x, yif f(x) is continuous at x = 0, then

a) f(x) is discontinuous, ¥V x € R b) f(x) is continuous, ¥ x € R
c) f(x) is continuous for x € {1, 2, 3,4} d) None of the above
176. _ [ sinx, for x =20 _ s L
Let f(x) = {1 e ton = 2 gandg(x) = e*. Then, (gof)'(0) s
a)1 b) -1 c) 0 d) None of these

1

o
The function f(x) {(x +1) G x % 0 is
0, x=0

a) Continuous everywhere

b) Discontinuous at only one point

c) Discontinuous at exactly two points
d) None of these

177.
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178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

log{1+ax)-log(1-bx) Tl
If f(x) = { x ! and f(x) is continuous at x = 0, then the value of k is
k, x=10
a)a—b bya+ b c) loga + logh d) None of these
(27-2x)1/%-3

The value of f(0), so that the function f(x) = (x # 0) is continuous is given by

9-3(24345 x)1/5

a) % b) 6 c) 2 d) 4
The function f: R/{0} - R given by

4 2
f) i T
Can be made continuous at x = 0 by defining f(0) as function
a) 2 b) -1 c) 0 d)1
Which one of the following is not true always?

a) If f(x) is not continuous at x = g, then it is not differentiable at x = a

b) If f(x) is continuous at x = a, then it is differentiable atx = 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 Lllﬂlz f(x) exists

The value of the derivative of |[x — 1| + |[x — 3| atx = 2 is
a) 2 b) 1 c) 0 d) -2
Wity
On the interval I = [—2, 2], the function f(x) = (x+1)e Yo' x/ » o
0, x=0

a) Is continuous forall x € I — {0}

b) Assumes all intermediate values from f(—2) to f(2)
c) Has a maximum value equal to 3/e

d) All the above

Function f(x) = {Zxx_—léjrzzz 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
tanx
The function f(x) = {T' 5 0, is
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

At the point x = 1, the function f(x) = {x S B

a) Continuous and differentiable
b) Continuous and not differentiable
¢) Discontinuous and differentiable

d) Discontinuous and not differentiable
|2 x|

—,x%0,1
If f(x) defined by f(x) = xz_lx x =0 then f(x) iscontinuous for all
-1, x=1
a)x

b) x exceptatx =0

c) x exceptatx =1

d) x exceptatx =0andx =1

The value of derivative of [x — 1| + |x — 3| atx = 2, is

a) -2 b) 0 c) 2 d) Not defined
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189. _ 1 forx <0 _ G R
If f(x) = {1 G W e H/;g'then atx = 0, the derivative f'(x) is
a)l b) 0 c¢) Infinite d) Does not exist
190. Letg(x) = L e 2,m and n are integers, m # 0,n > 0, and let p be the left hand derivative

log cos™(x—1)

of[x —1|atx=1.If lir111+g(x) = p, then
x—

an=1m=1 byn=1m=-1 cgn=2,m=2 dn>2m=n
191. 2 e o ;

The function f(x) = ————is discontinuous for

a) x = 1 only b)x =1andx = -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 ii_lg[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)=4 0, forx=1 Then,
1+ x% forx>1
a) f(x), is not continuous atx =1
b} f(x) is continuous but not differentiable at x = 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) =1forallx ER 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 i
Iff(x) =1 . - 1s continuous t x = =, then
sinx+n, x> 2
nm s T
ajm=1n=10 b]m:?+1 c}n=m§ d]m=n=§
2
196. If f(x) = WJ{ # 0, is to be continuous at x = 0, then f(0) must be defined as
; 1 E
a) 1 b) 0 0 . d) -1
197. B il
Let f(x) = {x Sh G, then f(x) is continuous but not differentiable at x = 0, if
a)0<p<1 b)l<p<ow c)—<p<0 dp=20
198. The function f defined by
sinx?
f(x)= {T‘x #0,s
0, x=0

a) Continuous and derivableatx = 0
b) Neither continuous nor derivable atx = 0
c) Continuous but not derivable atx = 0
d) None of these
199. 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) |f(x) — f(a)| <€= |[x—a] <& b) |f(x) — f(a)| >€= |x —a| >

c) Ix —al > 6|f (x) — f(a)| >€ d) |x —al <68lf(x) — f(a)| <€
200. 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)
20L.if f(x) = alsinx| + b e + ¢ |x|? and if f(x) is differentiable at x = 0, then

Ala=b=c=0 b)a=0,b=0;ceR c)b=c=0,aER d)c=0,a=0,bER
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202. Let f(x) be defined on Rsuch 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 c) ff(x)=x d) None of these
203 1f f (x) = sin"* (=), then f(x) is differentiable on
a) [-1,1] b) R —{-1,1} c)R—(—-1,1) d) None of these
204, Define f on R into itself by
T |
) = {x sin=, when x # {), then
0, whenx =0
a) [ 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
205. 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}
206.Let f(x +y) = f(x)f(y¥) and f(x) = 1 + xg(x)G(x), where }c'm%g(x) =gand Jl(iur’ré G(x) = b. Then f'(x) is
equal to
a)1+ab b) ab c) a/b d) None of these

S S N S S M S R M S NN R R S S S N N R RN S M SN S SN S M SR M R M N N S RS RN NN R N S S S M SN SN S M R SN M SN SN M R M S S M S R R e
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CONTINUITY AND DIFFERENTIABILITY

X X =

| I
1 I
| I
| I
| |
| I
I I
| |
| |
| 1
I I
1 I
| I
| 1
| I
| I
| I
| |
1 |
: : HINTS AND SOLUTIONS : :
1 I
R Jim fCx) = lim £(2 = h) !
: We have, - |-2—h+2] :
| —m/4 <x<m/4 T Aotan (-2 —h+2) !
: > -1<tanx<1=0<tan’x <1= [tan?x] o ‘ h . —h :
. =0 S ) = Ty - M an e L
: o f(x) = [tan® x] = Ofor all x € (—m/4,7/4) and, :
: Thus, f(x) is a constant function on € (—m/4,m/ .‘c‘l:”—.'}"" f(x) = }!i_r% f(=2+h) :
| H o , |—2+h+2| |
| So, itis continuous on € (—m/4,m/4) and f'(x) = = ;lma N (-2 thtD) I
! 0 for all x € (—1/4, 7/4) R :
d o B = i ) = e -
: Since, f(x) is continuous atx = 0 = lim_f(x) # lim, f(x) :
I lim f(x) = f(0) i T el : ; I
I x=0 % So, f(x) is neither continuous nor differentiable |
I = Iime—z.f([)) atx = —2 I
I o 6 }
| o LiL%Li“’%E = f(0) [by L ‘Hospital’s rule] ; |
I = f(0)=—1+log2 !
| I
| . {b] . . . . Fix) = |loglx|| |
| Since f(x) is an even function |
! L f(=x) = . I
i ~ f( Jr)—f(Jr)JforaHx T Ty :
I = —f'(—=x) = f'(x) forall x |
: = f'(—x) = —f'(x) forall x y' :
: = f'(x) is an odd function From the graph of f(x) = |log|x|| it is clear that :
I 4 (9 f(x) is everywhere continuous but not I
: We have, : ] . differentiable at x = +1, due to sharp edge :
cosmx],x <
' 'F(x)={|x—2|,1£x<2 70 :
| We have, I
| 22— 1<x<?2 . : |
l -1, 1/2<x<1 lim (@) —af(x) '
: ) 0o o<xs1/2 Pl pem _ _ -
I =)= 1, x=0 ~xf(a) —af(a)—a(f(x) - f(a)) I
! = lim
: 0, -1/2<x<0 x—a x—a :
I -1, -3/2<x<-1/2 & gy S2 = e L) "
1 It is evident from the definition that f(x) is x-a X—a I
: discontinuous atx = 1/2 = i W :
I 5 (b) LRI I
: We have, —alim M :
| |
| |
| |
| I
| |
| I
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10

11

xf(a)—af(x)
= m—a

a

= lim
X=b({l

()

Given,f(x) = x(Vx + Vx + 1). Atx = 0 LHL of Vx
is not defined, therefore it is not continuous at
x=0

Hence, it is not differentiable atx = 0

(a)
' 2ax, b+ 0,x <1
Here, f (x)={ 2bx+a, x> 1

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

= a+b=b+a+c =2c=0

Also, f(x) is differentiable atx = 1

~(LHDatx = 1)=(RHDatx = 1)

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

=fla)—af'(a)=4-2a

(d)
We have,
" 5 x2 3x 13 1 3 13
Jdmfe)=m et T s
=2
Jim f(x) = lim |x — 3| =2
and, f(1)=[1-3]=2
+ lim f() = £(1) = lim_f(x)
x=1" x—=1t
So, f(x) is continuous atx = 1
We have,
Jim 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)
So, f(x) is continuous atx = 3
Now,
(LHDatx = 1)
~Td (= 3x+13 _{x 3} 1 3
Tlax\e 2 4 2 2, 2 2

=—1
(RHDatx = 1) = [di; (—(x - 3))}x=1 =]

~(LHDatx =1) = (RHDatx = 1)
So, f(x) is differentiableatx = 1

(d)
2sinx — sin2x

f(x)z{ 2X COS X Jifx # 0,
a, ifx=20

1 z 2 sin x—sin2x 0
Now, lim f(x) = lim ———— (— fnrm)
x—0 x—=0 2XC0SX ]

2cosx — 2cos2x

m ,
=0 2 (cosx — xsinx)

12

13

14

15

16

Since, f(x) is continuous atx = 0

£(0) = lim £()

=2a=0
(a)
Given, f(x) =x+ |x|
2x, x=0
fe) = [0. x <0

¥

|

3
0 A

|
¥

[t 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,
so their sum is also continous for every value of x
()
Since f(x) is continuous atx = 0
~ Hm f(x) = f(0) = lim f(x)
x—=0" x=0*
@ tan 2x

= lim{1 + |sinx|}Isin*l = b = lim etanax
x—=0 x—0

:>e“=b=ezf3=>a=%anda=logeb

(b)
We have,
(x2/1+x%)
2 — a2
fd=* Y g Rl
0, x=10

Clearly, Iira'l_ fi = ]irg] f(x)=1= f(0)
Xx— x-0*
So, f(x) is discontinuous at x = 0

(@ |
LHD= ljm L&=-/©
h=0 -h
-
%o —h

RHD= Jim £&0-/@)
h—0 h

- 1+sin(0+h)—1 _  sinh

= lim = lim =1
h=0 h h=0 h

= LHD=#RHD

(a)

Given, f(x)=x—|x—x?|

Atx=1, f=1-[1-1=1

xl_i.l’lfll f(x) = }tij)rll}[(l —h) =1 - k-0 -h?]
= lim [(A-h)—|h-h*|]=1

lim, £(x) = lim[(1+h) = (1 +h) = (1 +h)?|]
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:Lina [1+h- t—hz—h” =1
lim f(x) = lim =£(1)
17 (a)
We have,

fx+y+2)=fx)f¥)f(2) forallx,y,z ..(i)
= f(0) = f(0)f(0)f(0) [Puttingx =y =z=0]

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

=2f0)=1 [~f0)=0=f(x)=
Puttingz = 0 and y = 2 in (i), we get
fx+2) = FF(F(0)

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

= f'(2) = 4f'(0) [Putting x = 0]
= (D =4x3=12
18 (b)
For x > 1, we have
1
f(x) =|loglx|| =logx = f'(x)==
For x < —1, we have
. . 1
f@) = lloghtl| = log(-x) = f')==

For 0 < x < 1, we have

f(x) = |log|x|| = —logx
For —1 < x < 0, we have

o= -iogt0) = )= -

-1
= f'(x) Z?

s x> 1
Hence, f'(x) =4 %
-=, Jxl<1
X
19 (c)
Since, lim f(x) = £(0)
1—cosx
= lim -3 =
x—=0 X
2 -(—sinx) _ 9 i Ay
= :]'.c]_r;l‘é —— k [using L ‘Hospital’s rule]
11‘ sinx_k = k—l
2x90 x 2
20 (b)

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

=Ix—1—|—2—x, 1<x<?2
l—-x+2—x, x<1
Zx =3, x=2

—1 1, 1=sx<2

3 —2x, x<1

2, x>2
f’(x):!{), 1<x<?2

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

21 (b)

0 for all x|

22

23

24

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

xe X
f’(x):—
V1—e*
Now,
x)— f(0
(LHD atx =0) = lmM
x=0" x=10
. fO-h)—f(0)
= |lim
h—=0 x—0
T AL
=( ate= )—hlﬂ_—h
e v1—eh
= n5 h
el -1 1
::»(LHDatxmﬂ)a—lll_rg W x?:_l
[@)=r(0) _

and, (RHD atx = 0) = lim

x—0t x=0
. Jie " _p
lim —
h—=0
. - 1
= (RHDatx = 0) =rl1mé =1

J_

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

Hence, the set of points of differentiability of f(x)
is (—c2,0) U (0,00)

(<)

Since f(x) is continuous atx = 0
: (1

S = ll_ra%xsm (;) =0

(d)

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

f(0) = lim £(x)

0) = Jim 2 (256 — 7x)1f3 Form
= 0 = e T 3075 = [”rmﬁ]
—(256-7x)s 7 277 7
=IO = e T8
(b)
We have,
_eno (¥, xz0
fx) = || [x' =0
0 3
~ (LHDatx = 0) = lim M lim—x—
x—=0~ x—0 =0 X
=0
and,
0 3
. (RHDatx = 0) = lim M lim 2
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

(a)

gy’
tmfe0 = i () x5

2
= (log4)3.1.a lim e
e e Tt
3 18
= 3a (log4)?
lim ) = £(0)
= 3a(log4)® = 9(log4)?

= a=73

(d)

We have,

f(x) = |[x]x|for-1<x<2
_xJ _1 <X < 0

= f(x) = 0, 0=<x<1

X 1<x<2
2 =2
It is evident from the graph of this function that it
is continuous but not differentiable at x = 0. Also,
itis discontinuous at x = 1 and non-differentiable
atx =2
()
Given, f(x) = [x® — 3]
Let g(x) = x* — x it is in increasing function
s gl)=1-3=-2
and g(2)=8-3=5
Here, f(x) is discontinuous at six points
(b)

Given, y =cos 'cos(x —1), x >0

> y=x-1, 0<sx-1=<m
oY== l1<x<m+1
Atx =€ [1,m+1]
dy dy _
&~z (a)x;_;rl
(d)
We have,
ey m}f(x + hfll - f(x)
=’f'(")=}jﬂ},f(x)+fih)_f(x) o f )
= f(x) + f()]
2
=0 = g =

v g is continuous

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

(b)

31

32

33

Using Heine’s definition of continuity, it can be
shown that f(x) is everywhere discontinuous
(b)
For x # —1, we have
flx)=1—2x+3x%2—4x3 + .00
= @)= +27? = s
Thus, we have

1
fx) = [—(1 oz *F

1, x=-1
We have, xl_irfi—f(ﬂ —» oo and xljﬂ_ f(x) = o

So, f(x) is not continuous at x = —1
Consequently, it is not differentiable there at
(b)

Atx =a,

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

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

Again,atx = a

LHD= lim [&=0-/@
h=0 -
- 2a—f(a—h)—a
= !ltl_‘0 — =-1

fla+h)=f(a)

and RHD= lim
h—=0 h

3(a+h)—2a—-a
= lim =3
h—0 h

- LHD=RHD

Hence, it is not differentiable at x = a

(b)
We have,

flx+h) = f(x)

fi(x) = lim

h
S P = }Esf(ﬂf (hiil - f(x)
flh) -1

= () = () lim =
1+ (sin2 h)g(h)—1
h
= () = f(x) }li_rgsmhz i lim g(%)
= 2f(x)g(0)

=f'(x)= f(x)}li_t}a
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34

35

36

37

(c)
If-1<x<1then0<xsinmx <1/2
s f(x)=[xsinmx]=0,for-1<x<1
If1 <x <1+ h,wherehisasmall positive real
number, then
T<nx<n+nh=-1<sintx<0=-1
<xsinmx <0
~ 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)
Atx = 1, f(x) is discontinuous because
= J!Lnl‘l_f(.vc) = 0and xlﬂ'{gr flx)=-1
Hence, f(x) is not differentiable atx = 1
(d)
We have,
d
aHpacx=0)={=} =o

x=0

=cos0=1
x=0

Hence, f'(x) at x = 0 does not exist

(c)
, 2bx+a, x= -1
Here, f (x}={ 2a %< 1

Given, f'(x) is continuous everywhere
Jim f(x) = lim_f(x)

= —2b+a=-2a

= 3a=2b

= a=2 bh=3

ora=-2, b=-3

(b)

We have,

_ fO)—f() . logcosx

i = x=0log(1 + x2)

(RHDatx =0) = [;—x(l + sin x}}

x=0 x—0
x)—f(0
i O = £0)
=0  x—0
log(1 —1+ cosx)
o log(1 + x2)
1—cosx

1—cosx

. fx)—f(0)
= lim——
x=0 x—0

=i log{1 — (1 — cosx)}

x—0 1—cosx
1—rcosx

. log(1 + x2)

38

39

40

41

42

43

i SO
x—0 x—0
[1—1(1—cosx)]

—(1 —cosx)

= —limlog
x—0
o X
2 sng x2

X X
\%  log(1 + x2)
4(3)
 f@-f0) 1
g B A (o7 N .2
0 x—0 2
Hence, f (x) is differentiable and hence
continuousatx =0
(a)
Since f(x) is continuous at x = 1. Therefore,
Jim ()= lim f(x) > A-B=3=A4=3+8
- X—

(1)

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

xlir?hf{x) = ]il’%] fx)=26=4B—-A
— x=2F

.(i1)
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
(a)
We have,
x —4, x=4
FlO) = —(x—4), 1<x<4
(x3/2) — x* +3x + (1/2), L |
Clearly, f(x) is continuous for all x but it is not
differentiable atx = 1and x = 4
(a)
[t is given that f(x) is continuous atx = 1
s lim f(x) = lim f(x) = f(1)
x=1 x—1%
= linl'l_a[x + 1] + b[x - 1]
X—

= lim a[x +1] + b[x — 1]
2a—b=2a+0Xxb
=a+b=0
(c)
Jim f(x) = lim [x] =0

, T 1/x —

i 1=l BVR=I]
And f(0)=A[0]=0
=~ { is continuous only whatever A may be
(b)
We have,
y(x) = f(e*) e7®
=y'(x)=f'(e¥)-e*- e/ + f(e¥) /™ f'(x)
= y'(0) = f'(1)e/® + f(1)e/@f"(0)
Sy@=2 [fO=fD=0f1)=2
(b)

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

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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lim fex}—Fay — lim flx) = f(1) Also,
#oi- x—1 = o x—1 . : log x
Y R L (O NN (R DRy ¢ L elEeES i

h—0 —h h—+ h

5 14 :>I1mxf(x)—llm 2——limx:[}

a(l=h)*=b—-1 15 —1/x x=0
=~ s =i R 49 (g

' (a—b—1)—2ah + ah? g —h Since g(x) is the inverse of f(x). Therefore,
e | 1 | T A0 R(1+ h) fo%(x) = x, for all x
#lim_(a_b_l)-zah_aM:—l ﬂaifog(x)}=1,forallx

=0 h g = f’[g(x)] g'(x)=1,forallx
=>—(a—b—1)=UandsoFlli_I.r'1} =-1 ™ _x g'(x) = 1forall x ['-'f’(x)=

n 3 1+i9(x)
=;~a—b—1=Uand2a=—1ﬁva=—5,b=—z 1]
44 (c i
E‘v‘i have, = g'(x) =1+ {g(x)}° forall x
sin4 rr[x] —0f 0 50 [d}
f(x)= BT orallx [+ We have,
4m[x]isa multlp]e of ] f(x) = |x% — 4x + 3|
= f'(x) =0forall x x2 —4x + 3, ifx?—4x+3=0
45 {d]f() =f(x)={—(x2—4x+3), ifx?—4x+3<0
We have, _(x*—4x+3, ifx<slorx=3
ﬁf(x)"{ —x*+4x—3, ifl<x<3

1
i‘l‘.l;f(x) = E_T;SI“; Clearly, f(x) is everywhere continuous

= Llwl:% f(x) = An oscillating number which Now,

. _: d
oscillates between —1and 1 (LHDatx = 1) = (E (¥ — 4x + 3))

Hence, linaf(x) does not exist
X=—

atx=1
Consequently, f(x) cannot be continuous atx = 0 = (LHDatx = 1) = (2x —4) 4 =1 = —2
for any value of k and,
6 [ g (RHDatx =1) = (g; (=x% + 4x — 3))

A atx=1
x_.—-ly=2 = (RHDatx =1)=(—-2x+4)arx=1 =2
W P Clearly, (LHD atx = 1) # (RHD at x = 1)

So, f(x) is not differentiable atx = 1
XX Similarly, it can be checked that f(x) is not
y= [+x § y=1-x differentiable at x = 3 also

y ALITER We have,

Itis clear from the graph that f(x) is continuous flx)=|x2—4x+3|=|x—1]|x—3|
everywhere and also differentiable everywhere Since, |x — 1| and |x — 3| are not differentiable at
except {—1,1} due to sharp edge 1 and 3 respectively
47 (d) Therefore, f(x) is not differentiable at x = 1 and
We have, x=3
log G) = logx —logy and log(e) =1 51 (c)
o f(x) = logx The point of discontinuity of f(x) are those
Clearly, f (x) is unbounded because f(x) — —oo as Pnints vehere tang: ls inflnite;
x—0and f(x) - +wasx - HE) tanx=tan00n_
We have, = x=(2n+1)5, RE]
1 1
f(;) = log (;) = —logx 52 (a)

Using graphical transformation

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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v

|

W
X = i =5 X 3 07 X
21 4
)II }II
My=x-1 (i y=|x|-1
y
X I
o l 1 |
¥
(i) y = x| - 1]

As, we know the function is not differentiable at6

sharp edges and in figure (i) ¥ = ||x| — 1| we

have 3 sharp edgesatx = —1,0,1

« f(x) is not differentiable at {0, +1}
53 (c)

x]lfé‘— fley)= f111_1’1}]2((} —h)=10

And lim f(x)=1lm2(0+h)+1=1

x=07t h—0
Jim_ f(x) # lim, f(x)
f(x)is discontinuous atx = 0

54 (b)

Draw a rough sketch of y = f(x) and observe its

properties
55 (c)

. (1+cosx)—sinx

lim :

x—m (1 + cosx) +sinx

2cos® x/2 — 2(sinx/2) cos x/2
xon 2 Cos? x/2 + 2(sinx/2) cos x/2
= lim tan(E—E) = —1
= T E) =

X—i

Since, f(x) is continuous atx =
~ f(m) =lim f(x) = -1
X3
56 (d)
f17) = lim
; 1
i (1-h-1). sm(l_h_i) -0
h—0 —h

f=h)=fQ1)
—h

= —lim sin—
h—0 h

And f'(1%) = }lxi—rfnl} f—(lmi-f(l)

. 1
_ o (A= Dsin (=) -0
h—0 h
= Ll_r:’é smH

A7)+ Far)

f is not differentiable atx = 1

57

58

59

60

Again, now
, _ (0+h—1)sin(-——)—sin1
f'(0%) = lim | : -
[ - 1reos (75) x ()} + sin G5
h—0 1
[using L ‘Hospital’s rule]
=cos1—sinl

(0-h-1)sin(7—

-h

}msin 1

And f'(07) = Liﬂr;r[l’

(—h—1)cos (ﬁ) ((unl-nz) e (ﬁ)

= lim

h—0 -1
[using L ‘Hospital’s rule]
=cosl—sinl

= f'(07)=f'(0%)
~ fisdifferentiable atx = 0
()
As f(x) is continuous at x = g
= lim f(x) = lim f(x)
xﬂif x%Et
Z +1=sine+ Cr1=1+
= —_ = sin— = — = =
mZ bmz n mZ n=n

mrim

g
(d)
Since,@ >2 [ flix) = %]
= f(6)—-f(1)=10
=f(6)+2=10

= f(6)=8

(b)

We have,

Jlim f(x) g(x) = lim f(x). lim g(x) =m x!
=ml

and,

Jim f(x) g(x) = lim_f(x) lim, g(x) = Im
= lim f(x) g(x) = lim f(x) g(x) = Im

Hence, Lm‘} f(x) g(x) exists and is equal to Im

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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(h) — 1
== frelm B0 Lty
= f)f ()]
1+hg(h)—1
= 1 =1 i =GP 0o
=1+ x g(x)]
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61

62

63

= F/0) = F@) lim g(h) = F(0) 1= F(x)

(a)
2 ::. O

We have, f(x) = [ i m=

e have, f(x) 2% %<0
Clearly, f(x) is differentiable for all x > 0 and for
allx < 0. So, we check the differentiableatx =0
Now, (RHD at x = 0)

d
(E (l')z)x:ﬂ = (2X)y=0 =
And (LHD at = 0)

(F7) =20 =0

« (LHDatx = 0)=(RHD atx = 0)

So, f(x) is differentiable for all x ie, the set of all
points where f(x) is differentiable is (—o0, @)
Alternate

Itis clear from the graph f(x) is differentiable

everywhere,
y
X X
yF
(@)

Since, f'(0) = li_%@ =10

= Tim fO+h)—f(0) —10
h=0 h

= £ (1im 22 =10 ()

[+ fO+h)= f(U}f{h)a given]

Now, f(0) = f(0)f(0)

= f(0) =1
~ From Eq. (i)

o Fi)=1 s
‘I'l]_rg —_— 10 ..(ii)

Fle+h)—f(6)

h

= !cl_rp (;{n) 1) f(6) [from Eq. (ii)]

Now, f'(6) = Iim

=10x3 =30
(a)
We have,

_ f(x) = f(0)
§ )= I =
= Fiia") = ]im —]x"-a|c|)(x}

x—a
= f'(a%) = I:m (x q)(x} [“x>a ~|x—al
=x - a]

64

65

67

68

= f'(@®) = lim ¢(x)
= f'(a*) = ¢(a)

[ &(x) is continuous at x =

al
and,

Peo— 1 f(x)—f(o}
Fle)=lm =
- fia) = 1 a_lx;a_td)(r)

(x —a)p(x)

= @) = I T2
==(x-a)]
= f(a7) =~ lim ¢(x)
=fa)=-d(@ [v
¢(x) is continuous at x = a|

(b)
LHL= lim(0 — h), P& = lim(<h) = 0
= oy g =y -

[“x<a ~|x—a

1 1

RHL= lim (0 + h}e_{lhl'ffﬂ) = lim = k=0

g e/t
LHL=RHL= f(0)
Therefore, f(x) is continuous for all x
Differentiability atx = 0

g

VO =TT !
1.1
, L hg'(ﬁ'*'ﬁ}‘“
==
=lmom="

= Rf'(0)Lf'(0)
Therefore, f(x) is not differentiable atx = 0

(d)
We have,

3, x<0
J'c("")‘{zjw 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

(c)
We have,
f(x)=]x—-05]+|x—1]+tanx, 0 <x < 2
—2x+ 15+ tanx, D<x<0.S5
=2 flx) = 0.5 +tanx, 05<x<1
2x—15+tanx, 1<x<?2

[t 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)

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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| I
1 I
| I
i E
s logq 30 (14 3x),forx # 0 " 0,x <0
I Given, = { (1-3x) (%)= 1
| Iven.fix) k, forx=10 ! {4x. x=0 I
| ; ~ log(1+ 3x) Clearly, f"'(x) is continuous for all x but it is not I
: ;l,c]_% flx) = LI_TE, log(1 — 3x) differentiable atx = 0 :
: " log(1+3x) (—3x) 72 (b) :
= —lim < =
I x—0 3x log(1 — 3x) %, x#1 1
: T Given, f(x) = {7 , :
| And £(0) = k B |
: » f(x)is continuous atx = 0 Cx=1 :
l o k=-1 flad=1e%, 0 |
: 69 (d) -~z x=1 -
| Since f(x) is differentiable at x = ¢. Therefore, it FA+R) — (1) I
: is continuous atx = ¢ f'(1) = '!:_r% A E
I Hence, lim f(x) = f(c) 1 (_ 1) 1
1 B i 20040)=5 3 I
@ =l = !
| ; | . 2 1
Given, f(x) = ae™' + b |x 1 1
: Nt )Ixi' ; & ; . snat3 .. 3+2h-3 2 I
| We know e'*! is not differentiable at x = 0 and = limZ2=2 - lim————= —= i
I —— ; . h—0 h h—03h(2h — 3) 9 1
I |x|* is differentiable atx = 0 £ =) - fQ) I
: s~ f(x)isdifferentiable atx = 0,ifa =0and b € Lf'(1) = J!:,im - {
—0 —_
I R Ly I
| 71 (a) = 1im 20=m=5 3 I
: We have, n—0 Eh ) :
! _(x=x)(—x)=0,x<0 a5 Vi i |
: fx)= { (x+x)x=2x3,x=0 h-0 3(2h2+ 3) 9 :
I N Y 2 ' e S I
: o) :
I . fx) =27 vean _ e SQAFR) = f(1) 1
e ro= g i
: x 1+h) f(1)
l X’ 0 X Y L Gl BT (O |
| LI L !
Given, lim 222 — 5
: h=0 h :
) G ? ;
1 | H — 1
! vy So LI_I’% — must be finite as f'(1) exist and :
: (i) Illina % can be finite only, if f (1) = 0 and :
I o R '
! by S !
L
: So,f'(1) = ;'I‘L‘E. - 5 }
| 1(x) = 4x 74 (o) I
: Fx)=0 : Since, f(x) is continuous for every value of R :
1 < > except {-1, -2}. Now, we have to check that points 1
' X' & X Atx = -2 I
| I
| — (—2-h)+2 I
I LHE !tl_';'?] (-2-h)2+3(-2—h)+2 I
| - I
' = i - - —
: i RO RZ + R :
| (ii s (—2+h)+2 I
1 . ; ) s RElL= rlll-r;j::ln (—2+h)2+3(-2+h)+2 I
I As is evident from the graph of f(x) thatitis h 1
: continuous and differentiable for all x = I eyl :
: Also, we have = LHL=RHL=f(-2) }
| 1
| 1
| I
| I

o o o)
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75

76

77

78

~ Itis continuous atx = —2

Now, check for x = —1
L (-1-h)+2
S };l_rfllj (—1-Rh)243(—1-h)+2
_ 1-h
=R

o (—1+h)+2
RHL= ,1115% (=14+h)243(-1+h)+2

1+h

= 09

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

(d)

£©) = timp— & D
= lim
*0 i (2 x

sin (u) log(i + 4)

X X
x_1\? =.a =.4
= lim (e ) L =12
X320 X sin— log (1 +;)

= 12 =1
= a=
(b)
We have,
) = x_ x
) =TS Y e D@+ D

X
TexrnEsn T

n
X
= f(x) = lim Z ,for x
oo la((r—Dx+1) (rx+ 1)
#=0
() = i Zn:{ 1 1 }f
= = - ]
Jlx nl—l:lif»lcr_1 (r—1x+1 rx+1 orx
# 0
. 2
:sf(x)=111_1)120{1—nx+1}=1,f0rx:1=0

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

Thus, we have f(x) = {é' i z g

Clearly, lim f(x) = lim f(x) # f(0)

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

(b)

[f 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

(c)

We have,

79

80

82

83

fx+y)=f(x)f(y)forallx,y €R
=~ f(0) = f(0)f(0)

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

=f(0)=1 [+ F(0) = 1]
Now,

f(0)=0

- “mf(ﬂ'f'h)—f(ﬂ): )

h—0 h

h—-0 h

[+ FO) =1] ()
Flx+h) - F(x)
h

fCOf(h) = f(x)
h

“ f' () = lim

[« f(x+y)

= f'() = lim
= )]

= f'60) = f@) {lIimE5=) = 2f () [Using (D]

(b)

We have,

x2
flx) = [H'
0, x=0

x2

i

sf@={ 0
%2
— =y
%

= g f) =g me=0, = Jnx =0

and 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 atx = 0

(b)

Since f(x) is continuous atx = 0

wlim f(x) = f(0)= f(0) =2 ..(1)

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

b fa@de )

x¥0

x>0
x=10

x<0

x—0 X x=0 1
= f(0) [+ f(x)is continuous at x
=0]
o G o g )]
x—0 x

()
3 _ o (&) =f(2)
FE=lm (T)
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84

85

86

87

sinx,x >0

Here, f(x) = 0, x=0
—s5inx, x<0
_ 1:... sin|0+k|=sin(0)
RHD= LI_I}?] e
y sinh
U TR
LHD= Tins sin|{0—h)|—sin(0)
=20 -h
_= sinh _
=—

~ LHD#RHD atx = 0
4 f(x)isnotderivableatx = 0
Alternate

fi(x) = sin [x]|

V'

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

(b)
We have,
@) = ) = (logea)"
n=0
b ] 5 n b ] " xyn
= ) o 5 S
n=0 n=0

= f(x) = e!98:@" = g% which is everywhere
continuous and differentiable
()
2x—1
Flxh= [x}cos[ 5 ]:'r

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

()

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

1
xﬂznpf(x) = lanE'll_f(x) = E

Also, lim, f(x) =—and, lim f(x) =

x——
mn

s
(n+1)?

Thus, f is discontinuous for x = i%,n L i

(c)

Since, |[f(x) — f()] < (x —y)?

= lim —If(x) —fO)l <lim |x — ¥|
xsy | —y| Xy

= |f'MI=<0

= f'(y)=0

88

89

90

91

92

= f(y) =constant

= f(»=0 = fA)=0 [+ f(0)=0,
given]

(b)

Since ¢p(x) = 2x* — 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) = [2x® — 5] is discontinuous
(c)

Clearly, [x? + 1] is discontinuous at x =

‘J-z-l ‘JEJ ﬁy \"E) ’\/EI ﬁl \{.8-

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

(a)

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

}/\
J(x) = |log x|
2" £
) ol ,0
v Y’
Now,
£1(1) = lim flx)=f(1)

x—=1t x—1

h
| 1+h)—0
= fﬂ(l+) — }11_1;% Dglﬂ( h )

log(1+h) 1

n 3 1 —
=l K )_.!11—% h.log, 10 ~ log, ID_lOng
Hra—% — 1: f(x)_f{l}
==

Hopa =y _ 1s f(l_h)_f(])
=f"(7) = lim :

" - q: loglﬂ(l_h)_ i lﬂge(l_h)
=a )_.!112?1 h —;1]_1'3"1] hlog, 10

= —logyee

(b)

[t 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,

, | 4-h-4
LA A LTRSSl gy

: . h
=JLT—f(x)_!fEE:_E+a_a_1

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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93

95

96

= i iy P = il T A,
s =it = et

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

(b)
We have,
Pk iEwe #0
1 =X < 09, X
flx) = Vvi+x—1
k, x=0

Since, f(x) is continuous everywhere
lim () = £(0) ()
Now, g 1s) = i 7ot
Cpimte=l
h=0T—h—1
-2 "og, 2

= lim —
=t 2vi-h

=2lim 2 "log, 2v1—-h

[by L’ Hospital’s rule]

= 2log, 2

From Eq. (i),

f(0) =2log, 2 =log, 4
(b)

We have,

. . ) e—lﬂl -1
JELFER) SR e
and,

1 e_un
AR = I = I e < A e

=1
 lim f(x) = lim f(x)
Hence, f(x) is not continuous atx = 0

()
LHL= lim f(x) =lim1+(2—h) =3
x—27 h—=0

RHL= lim f(x) =lim5—(2+h) =3, f(2)=

3
Hence, f is continuous atx = 2

Now, Rf"(2) = }lma fe+n)-j(2)

h

 5—(2+h)-3

= lim—m—m—m— —m/mm—= -
h=0 h

2—h)—f(2

o 1+(2-h)-3

= lim
h—0 —h

~ Rf7(2) # Lf"(2)

« fisnotdifferentiable atx = 2

97

98

[tis clear from the graph that f(x) is continuous
everywhere also it is differentiable everywhere
exceptatx = 2

(d)

We have,

fx+y)=f(x)f(y)forallx,y e R

Puttingx = 1,y = 0, we get

£(0) = fF()F(0) = F(O)(1— (1)) =0

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

Now,

ffa)=2

RN € O b €O R
h—0 h
I FQ)f(h)—f(1)

= lim =2
h—0 h

= f(1) E_r%@l__lﬁ 2

= Lin%”h—;‘j =2 [Usingf(1)=1] ..(0
FidF-h) —~ )

==
4)f(h) — f(4
- ity = LA D=TO
(h)—1
= f(4) = {}liggj %}m)
>[4 =2f(4)  [From ()]

=2f'(4)=2x4=8

(d)

We have,

lim g(x) = lim g(x) =1andg(1) =0

So, g(x) is not continuous at x = 1 but lln}l g(x)

exists

We have,

Jim £Go) = lim £(1 — k) = lim[1 — k] = 0

and,

)El.r%f(x) = Plli_l.%f(l +h) = }H;%Il +hl=1

So, lirr} f(x) does not exist and so f(x) is not
X—

continuous atx =1

We have, gof(x) = g(f(x)) = g([x]) =0, for all

X€ER

So, gof is continuous for all x
We have,
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| I
1 I
| I
| I
: fog(x) = f(g(x)) Now, RHL= lim, f(x) = lim 1 =1 '
| : f(0), =x€ezZ x"T “T I
! = fog(x) = {f(xz)’ P g And LHL= lip f(x) = li; (-1) = -1 |
I 0, x€Z T 2 I
I = fog(x) = [x?] x€R—-7 v RHL#LHL i
| ! T s 3 I
| Which is clearly not continuous ~  f(x) is discontinuous at x = = i
199 (a) 103 (¢) :
| Atx =1, Since the functions (log t)? and 207 are not I
I _ i LA ‘ l
I RHD= frth n defined on (—1, 2). Therefore, the functions in 1
: L 2= -@- options (a) and (b) are not defined on (~1, 2) !
= lim = —
: A= h The function g(t) = _—+2 is continuous on :
" LHD= lif f1=h)=F(1) ( : 2) : 1+i+t 1
i h—0— -h e anc I
: = lim =i _h(z - 1 flx) = f; :+:i2 dt is the integral function of g(t) :
1= -
: - LHD=<RHD Therefore, f(x) is differentiable on (—1, 2) such :
: 100 (d) that f'(x) = g(x) :
. 104 (c
: Given, f(x) = |x| —I—m ;] F) 1-tanx :
ince, f(x) =
| Let () = |x], fo() =2 i . r
| Now, 11111 f{x) = (1 tanx) I
| 1. LHL= lim fl(x) = lim|x] =0 x—wm 4x—m I
I X0~ x—0" R 1 "
| And RHL lim, f,(x) = lim,|x| = 0 i ( 4 ) 2 1
: Since, f(x) is continuous at :
i Here, LHL=RHL=f(0), f; (x) is continuous s T I
1 T4 |
| 11 _ g O ™ 1 !
I 2. LHL= Ilm llm— = -1 o e I
| lim S Jim @ =1(3)=-3 ,
| I
i RHL= lim 2 = Jim 128 = 4 ) o I
1 x—0t X h—=0 h 1—rcosx 2 sz = i
! llmf[x)—l:m—:lim 5. x=0 |
| & LHL#RHL, f; (x) is discontinuous 0 4 e T (ﬁ) 1
| 2 I
: Hence, f(x) is discontinuous atx = 0 Also, f(0) =k }
I For, ;Icimu f(x)=f(0) = k=0 I
e 106 (a) E
: From thhe gra;:;h itis i(::ll.(;;lr tha'F j; (!xj is co_ntmuous We have, :
: everywhere but not differentiable at x = 3 Flo) =l Joe=1) :
I Y -2x+1, x<0 I
: -—->,F(x}=1x—x+l, 0<x<1 }
| y=|x-3 x+x-1, x=1 1
| —2x+1, x<0 1
: X' 3 =X :-f(x):! 1, 0=sx<1 :
r 2x—1 x=1
I ' ¥ — t
: T Y Clearly, xlirél_ fx)=1= Xlir&f(x) and :
! =3 g 3 lim f(x) = lim f(x) [
| e LR 2L . Al [
I Given, f(x) = _(;;fg} ‘ ., So, f(x) is continuous atx = 0,1 I
: 23 X <3 107 (d) ; :
| 3 2x—sin"'x I
= 0 = lim—— =
: _ L 38 B2 Z )= *202x + tan-1x :
- 3
| : I
I -1, ifx < > I
| I
| 1
| 1
| I
| I

o o o)
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! I
' I
' I
i E
' pars fO+) = f()
I 2—- ' = i 1
| = lim ——— f') o0 h I
: =ha = F ) _]imf(x)+f(-’1)—f(x) :
| 2-1 1 T hoo h i
: 2+1 3 = Fx) = limL® :
| 109 (b) h-anIlr h ) "
2 : = ' . g |
: )= LI_IE w = f(x) = }11_1’3% e Illl_r)]{l}g(h) =g(0) [ I
: ' g is conti.at x = 0] {
1+h=1 1
: =i 2(1+h)2=7(1+h)+5 (E) 113 (b) :
: =g h The domain of f(x) is [2, o) I
| LIS We have, I
' s (2h-3 ¥ 3) g ( 2h ) _ 2 S :
I T he0 h " h-0\3h(Zh—3)/ 9 (m)z
1
: 110 (a) flx) = T+2+2~J2x—4 :
l LHL= limf (~Z~ k) = lim2 cos (~ 2~ ) = : : i
I N 3 VZ2x - 4) 1
| RHL=limf (= 2+ h) = lim2 asin(~2+4) + b +JT+2—2w‘2x—4 '
l h—0 2 h—0 2 i
1 =—a+b 1 2 |
: Since, function is continuous. = f(x) = \TL_’\/(V 2x—4) +42x—4+4 :
| RHL=LHL = a=b . - I
e = — — |
: From the given options only (a) ie, G -;-) satisfies + NG ,J(v’Zx 4) —W2r—4+4 I
| . - " i 1
I this condition =>f(x)=—|m+2|+—|\f2x——5—2| "
: 111 (a) V2 VZ :
: Wehave, Soxd, ENE-E<D I
! f(0)=3 =2fx)=9 V2 :
I S fx)—f(0) _ 5 VZVZx—4,  ifV2x—4>2 ,
! 0 x—0 o) = 2VZ, ifx€[24) !
I il O+ B0 2Vx—2, ifx€[4,0) :
| o g [Using: (RHD 0) = 3] i o :
= sing: atx = = [—[ence’f'(x} = {; . 1
l L OF®) - () T (X € () ,
| =i h 114 (¢) |
l _3 [TIGEN =10 We have, !
! 0 Lo+ =rora jm—fmy . @l 4 :
| = f(0) (LIE%T) =3 wli) 3161_1"% it " ,]r]—r-rtl} = = chl_l;lllijIIl; =0 \
: Now, f(x +¥) = f(x)f(y) forallx,y € R So, f(x) is differentiable at x = 0 such that :
: = f(0) = f(0)f(0) f0)=0 {
I = f0O){1-f0)}=0=f(0)=1 Forx # 0, we ha{e , : "
: Putting f(0) = 1in (i), we get F'(x) = 2 xsin (_) + %2 g (_) (__2_) {
o fl)-1 . x x X
1 Lm(}]T =3 ..(i0) 1 1 :
I e r —zay - S e
I Now, = f'(x) = 2 x sin—— cos— :
! 5+h) - f(5 . g o o5 ko 1
: F1(5) = Li-rféf( 31 f(5) :l%f(x} =}c1_q?}2x5|n;—i|_:}acos(z) :
! 5)f(h) — f(5 , 1 I
: = f'(5) = fllinfljf( I h? fG) =0 - lim cos (;) {
: = f(5) = {I]Ii_]}-cl'“"hﬁ}f@) =3%x2=6 Since lﬁ% cos (i) does not exist :
: [Using (ii)]  lim f'(x) does not exist !
| 112 (c) Hence, f'(x) is not continuous at x = 0 |
: We have, 115 (c) }
! I
! I
! I
! I
e o o o o e S R S S O S S S S S R S S e L]
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117

118

119

We have,
x +0
—_, x
f(x)={v’F
0, x=0
X 1, x¥x>0
=>f(x)=[m' xiﬂ:{—l, X0
0, x=0 0, x=10

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

(<)

Given, lim [(l + 3x)¥] Sl
x—0

e:i =k

(b)

For x > 2, we have

e f{5+|1 — t]}de
1]
1

::-ff(x):j(5+(1—t)dr+fx(5—(1—tjdt
o 1
1 x
= 6—t)dt + 4 4 t)dt
> f(x) jﬂ( ) fI( )

t2]* t2]”
=:~f(x)=[6t———] +[4r+—
2 0 : 1

22
=af(x)=1+4x+?

Thus, we have

5x+1,

= {x?
f& SHax+L,

ifx<?2
ifx>2

Clearly, f(x) is everywhere continuous and
differentiable except possibly at x = 2
Now,
J5]1_)112‘|_f(xj = LI};I} 5x+1=11
and,
2
ler];f(x) = l}_r}‘zl (? +4x + l) =11
= lim f(x) = lim f(x)
So, f(x) is continuous atx = 2
Also, we have (LHD atx = 2) = Jclirjgl_ f(x) =
lim5=5

x—2

(b)

The given function is clearly continuous at all
points except possibly atx = +1

For f(x) to be continuous at x = 1, we must have
Jlim £00) = lim f(0) = £(1)

1
= limax? + b = lim—
x=1 x=1 |x|

=a+hbh=1 (1)

120

121

122

123

Clearly, f (x) is differentiable for all x, except
possibly atx = +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(1)
lim ———=

x=1" X -

fix)—fQ1)

|
im P

= lima(x+1) = lim_—

x—+1 x—=1 X
SZa=—-1=a=-1/2
Puttinga = —1/2 in (i), we get h = 3/2
(<)
At no point, function is continuous
(@)
[t is clear from the figure that f (x) is continuous
everywhere and not differentiable at x = 0 due to
sharp edge

y

(0, 1)

) va? —ax +x%Z —va? + ax + x?2
x) =
va+x—+a—-x
va? —ax + x2 + va? + ax + x?
X
va? —ax + x2 + Va2 + ax + x?2
xmﬂfﬁ
Vvatx+va—x
= lim f(x)
1 —2ax(va+x++va—x)
X0 2x (Va? — ax + x% + \/a% + ax + x?)
—a(2
AR
(a+a)
(b)
1—cos 4x
Given,f(x)={ gz X0
k x=0

LHL= xli%‘l_ f(x)
g 1—cos4(0—h)
TS T 8(0 - h)?
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B 1—sin4h
h—=0 8h2

= Jim 24 — [by L ‘Hospital’s rule]

h-0 16k
Since, f(x) is continuous at x = (
f(0)=LHL = k=1

124 (d)

125

126

127

128

Given, f(x) =[x = 1| + |x — 2| + cos x

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 f(x)

. 1
f@)=k= Ll_::%xsm;

k=0 [ —1<sint< 1]
X

(b)

We have,

h(x) = {f ()} + {g(0))?

= h'(x) =2f()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) =-2g0x)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 forall x

(a)

0, x=20
fy=xP=]x% x>0
—x3 x<0
¥ . h3-0 _
Now, Rf'(0) = ,1[1_1'% S 0

—h%-0
={)

And Lf'(0) = }Iirré —
- RF'(0)=Lf'(0)=0
& f10)=0
(b)
We have,
(LHLatx =0) = nlﬂg_f(x) = J]ll_II(])f(ﬁ —h)
= (LHLatx =0) = ?ltm:.’ sin"1(cos (—h))
— Timm cip—1
= LI_I:[:.} sin™*(cosh h)
= (LHLatx =0) =sin"*1 =n/2
(RHLatx =0) = “ﬂg& f(x)
X =

129

130

= (RHLatx=0) = ;j_l’)l;l}f(D-l—h}

= }111_1"1'[1] sin~!(cos h)
= (RHLatx = 0) = sin"!(1) = n/2
and, £(0) = sin"(cos 0) = sin"1(1) = /2
~» (LHLatx = 0) = (RHLatx = 0) = f(0)
So, f(x) is continuous atx = 0

Now,
; —sinx sinx
f160 = ==
v1—cos?x |sinx]|
—sinx
- =1%=0
_ ) —sinx
—sinx
- ==1Lx>0
sinx

~{(LHDatx =0)=1and (RHDatx =0) = -1
Hence, f(x) is not differentiable at x = 0

(d)

Forany 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,

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

= lim /()

= b= =k — kL ==

= [A=—kr—D1—k—2)

; . B=-mnNEZ-m(1-h)(-h)
= oL =m D=1 =D)

_ . (B3-m@-mhth+1)
= o fe)= 1 h(h + 1) =6
and,

lim f(x) = lim f(1 + h)
lim, £(x)
(1+h—2)A+h+2)(A+h+1)(1+h-

= Ao [A+h-1DA+h-2)|

. - (h=1)B+h(2+ M)
Jin, 1) = [h(h — 1)

, . (h=DB+M@+
imre=-ln h(1 - h) -

+ lim f(x) # lim f(x)

So, f(x) is not continuous at x = 1
Similarly, f(x) is not continuous at x = 2
(b)

_aw_ _x
Let f(x) = R(x) ~ 1+|x|

[tis clear that g(x) = xand h(x) = 1 + |x| are
differentiable on (—oo, o) and (—o0,0) U (0, o0)
respectively
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131

132

Thus, f(x) is differentiable on (—eo0, 0) U
(0, o0).Now, we have to check the differentiable at
x =)

X
CfO-fO mmT% 1
lim = lim = lim
x=0  x—10 ¥=0 X x=0 1+ |x|
=1
Hence, f(x) is differntaible on (—co, co)
(b)
Atx =10,
. . 1
LHL= }lll_l;tlll e ;ltli%lnelfh =0
. 1 . 1
RHL= lim o=y = i =1
« FUnction is not continuous atx = 0
(a)
We have,
fog=1

= fog(x) = xforallx
= f'(g(x))g'(x) = 1forall x

. e
=f(9@) =5 =7=1'®
1
= E [‘.' f(a) - b]
133 (a)
Since, il_% f(x) =f(0)
I SINTX
7 xl—]TEll 5x B .
> M=k = k=2 [+ lm2E=1]
134 (d)

135

136

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)
LHL= Ll_l;r[l] f(0—h)

. e Wh_q ’
= = = 1 [ jm o=

s o edhg
RHL= Llhl;réf(o +h) = L'L%m

1

= Lin(l} 11”1 |

s 1+m
~ LHL#RHL
So, limit does not existatx = 0
(d)
We have,

xt xt
o= 4 T

flxy=a +1+x4+{l+x“)+

x4
——=1+x%ifx#0
T 14xt

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

_[14+=x4 x#0
Stk = [ 0, x=0
Clearly, Jl,%lf(x} = Jg(l}})rf(x) =1=%f(0)

So, f(x) is neither continuous nor differentiable

= f(0) =

atx =10

137 (a)

We have,

1+x,
f@={317
~ g(x) = fof (x)
= f(0) = f(f(0)
_(f+x),
=90 ={r; 15
14+ (14 x),
=2g(x)=43-(1+x), 1<x<2
1+(3—x), 2<xs3
2+x, 0<sx<1
-—~>g(x)=12—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 = 0,1,2and 3
We observe that
lim g(x) = lim (2+x) =2=g(0)
and JL‘;‘- gx) = xllﬂl 4—-x=1=g(3)

0<x<2
2<x<3

D=x=<2
2<x<3
0=x=1

Therefore, g(x) is right continuous at x = 0 and
left continuous atx = 3
Atx = 1, we have
lim g(x)= lim 24+x =3
x—1- r—=1"
and, x]ﬂl;l)fg(x} = xl_14r111+ 2—a=1
~ lim g(x) # lim g(x)
x—1% x=1
So, g(x) is not continuous atx =1
At x = 2, we have
lim g(x)= lim(2—x)=0
x—=2- x—=27
and,
Jim g(x) = lim (4—-x) =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

{12}

138 (b)

Since g(x) is the inverse of function f(x)
~gof(x) = 1(x), forall x

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

= gof(x) = x, forall x
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139

140

141

142

143

= (gof)'(x) = 1,forall x
= g'(f(x))f'(x) = 1,forall x [Using Chain Rule]

=g'(f) =+

= g'(f(e) = fr—zc} [Putting x = ¢]
(d)

Given, f(x) = {

for all x

1
P =
x¥ cos (x) X0
0, x=0
Since, f(x) is differentiable at x = 0, therefore it
is continuous atx = 0

& lim f(x) = £(0) =0

1
= lim xpcos(—)zl] = p>0
x

x—0

As f(x) is differentiable atx = 0
lim Flx)=F(0)
x-0

exists finitely
x—0

. P cosﬁ—ﬂ
= lim
x—=0 x

exists finitely

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

Y
S(x) = [logq x|

4" X

) 0 (1,0)

v Y’

Now,

s s =T}
FO= =1
- 2y = oy LAF R 1)
= f”(1+J — LI_ITA logl{}(l; h) = 0

log(1+h) 1

I
I
I
1
1
I
I
1
|
1
I
I
I
1
I
I
I
I
I
1
I
I
I
I
I
I
I
1
I
I
1
; = 1 . ; T L = I
:ll_r}r{l} xP ICOS;——[]EXIStS finitely = f"(17) 5!1[-13?1 hlog, 10 log, 10 logyge {
= p-1>0 = p>1 sy e Ry —FEL) I
@) == e !
y ooy =)= f(1) :
=100 = = |
y=x| oo logg(1—h)  loge(1—h) l
=) = == I log, 10 :
= —logjpe :
X' _— 144 (a) "
l We have, :
g + ) -

[tis clear from the graph that f(x) is continuous A=l f(x)i— Fh) — @) 1
everywhere and also differentiable everywhere = f(x) = flri"}: - [« flx :
crseprane =y +9) = () +fO)] ‘
(© F(h) i
We know that the function = f'(x) = Li_l’,% N 1
1 ; ; I
¢(x)=(x—a)zsin( ) , -— smhg(h)= . sinh I
x—a = f'(x) }ll_f}%—h !111_13% h }tl_l;%g(h) 1
Is continuous and differentiable at x = a whereas =g(0) =k 1
the function W(x) = |x — a| is everywhere 145 (a) }
continuous but not differentiable atx = a We have, 1
Therefore, f(x) is not differentiable at x = 1 —2x +1, x <0 :
(d) flx)=|xl+|x—-1 =4 1, 0<x<1 :
. — b 2x—1, 1X=x I
M M o 2 k2 lng2 Clearly, lim f(x) = lim 1= 1, lim f(x) = I

I : " — — X=r
[by L’ Hospital's rule] lim(2x—1) = 1 :
= log4 s _ _ 1
Since, the function is continuous at x = 0 E_m?_‘ f) _E b;{l 1= _1_ i :
f(0) = lim f(x) = f(0) = log4 PR AR !
B . B - ]
(a) So, f(x) is continuous atx = 1 1
1
I
I
|
I
I
I
L--------------_------------------_------------------------J

Get More Learning Materials Here : & m @) www.studentbro.in



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

Now, lim L@ _ i, LUZRTTA) _ gy 1
JI;.r—)]_' x—1 h—=0 -h h—0 —h
0
and,
o f)—=f() . f(1+h)—=Ff(1)
lim ———— = lim
x=1t x—1 h—0 h
; —f(1 20+h)—-1-1
o5 i L IO g BCT ) =2
=1t x—1 h—0 h

s~ (LHDatx =1) # (RHDatx = 1)
So, f(x) is not differentiable atx = 1

146 (d)

147

148

The given function is differentiable at all points
except possibly atx = 0

Now,

(RHDatx = 0)

— 15 f(O+h)— f(0)
= unm

h—0 h

_ o VRFI-1
= TP

h 1
= lim = lim
=0 p3/2(VR+1+1) h0yhA(VR+1+1)

= GO

So, the function is not differentiable atx = 0
Hence, the required setis # — {0}

(a)
We have,

FOFO) = FG)+ F() + fxy) =2
1 1
= f@f (D)= f@+7(5)+rm -2

= 1.1 (3)

=f()
n (l) [ f(1) =2 (Puttingx=y=1

f X in the given relation)
=flx)=x"+1
=2f(2)=2"+1
=25=2"+1
ShH=2
sfE)=x+1=2f(3)=10
(b)
We have,
f(x) =%x— LforO<x=<m
; _[=Lfor0<x<2
b {f(x)}—{ 0,for2<x<m

_(tan(—=1) = —tan(1),0<x < 2

=tan{f(x)]—{ tan0 = 0, 2<x<mw
It is evident from the definition of tan[f(x)] that
]ir?_ tan[f(x)] = —tan1 and, 111}1+ tan[f(x)] =0
X—= I

[ F(2) = 5 (given)]

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

149

150

151

152

-2 1 2

1 X
f)=5x-1=fl)=— T w2

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

So, tan[f (x)] and tan [ﬁ] both are discontinuous

atx =2
()
i, xcotx
lim(1 + x)*°t* = lim {(1 + x)E}
x—=0 x—0
= lim e**P* =p
x=0
Since f(x) is continuous atx = 0

fO) = limf(x) =e
(b)
=y 7 (3 1)

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

[by L ‘Hospital’s rule]
Since, f(x) is continuous atx = E, then LHL=

Jj(%)

= =1
(a)
[f—1 < x <0, then
X x 1
fx) = fltldt = f—tdt: _E(xz_l)
If x = 0, then

0

fix)= J.—tdti— j—tdtZ%[.‘r?‘-}-l}
-1

~1

5 —%[xz—Z), -1<x<0
e x)]=

E{x2+1). 0<x

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

0

So, itis continuous forall x > —1
Also, Rf'(0) = 0= Lf'(0)

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

—X, -1<x=0
~f'(x) = 0, x=10
x; x>0

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

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

(©)
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We have,

—x
f&)-gggxﬂt+xn
_xzu
= f(x) |HT1 m
L N
1+0 ' *
SfE)={ =0, ifx=+1
) 1+ T E
071 _ 1 iflx>1
gea - o Ell
Clearly, f(x) is discontinuous at x = 1
153 (b)

Clearly, log |x| is discontinuous at x = 0

Since, the function f(x) is continuous
f(0) =RHL f(x) =LHLf (x)
Now, RHL f(X) = ]1

Flx )— lsnotdefnedatx—+1
Hence, f(x) is discontinuous atx = 0,1, —1
154 (a)
For continuity, ]xmé flx) =
) sin 3x sin3x 3x
= lim =k = lim
x—=0 sinx -0 3x sin3x
= 3=k
155 (b)

log(1+0+h)+log(1=0=h)

0+h
T log(1+ h) + og(l —-h) 160 (b)
h—0 h i €08 3(0=h)=cos(0=h)
a1 LAL= I -y
= lim 1=k o cos3h — cosh
s = lim
[by L ‘Hospital’s rule]  _3sin3h+sinh
f(0) =RHL f(x) = ot 2h
156 (d) i —9cos3h+4+cosh -9+1
— 4 = |lIm = = —
= +a, x<4 A 2 2
|x — 4| —1l+4+ax<4 [jrg_f(x) =f0) = 1=-4
flx) = a+b x=14 = a+bhb =
Y 4 1+bx>4 [161(9) . .
=47 LHL= Jim =0 = Jim S22
x—a~ X— ~- —h—
LHL= xi"f fx)=a-1 - (a—h—a){(a—h)?+a®+a(a—h)}
= i
RHL= lim f(x)=1+b h=0 —h
x—at _ = 32
Since, L?E:RHL;_I gﬂ Since, f(x) is continuous atx = a
= ag—-1=a+b=b+1 LHL = f(a)
a=1andb=-1 5
= 3af=
163 (a)
We have,
tanx, D<x<nmn/4
__Jcotx, /4 <x <m/2
filzl = tanx, nj2 <x<3n/4
cotx, mfd<x<m
L--------------_------------------_------------------------J
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157 (d)
We have,
— ., 0<x<1
x—1
x)=%1-1
f&) —_— =, 1<x<?2
x—1
0, x=1

Clearly,xlil}l_ f(x) = —ooand linll+ f(x)=0
— x—+

So, f(x) is not continuous at x = 1 and hence it is
not differentiable at x = 1

158 (d)
—+/2sinx
m;rf(x) = hmT
= lim L 41 [by L ‘Hospital’s rule]
X
4

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

S =r(5) = 3=a

159 (d)
LHL= JLT—f(x) = ;Il_rgl —h+a=1+a
T - R T _ z -
RHL= xl]_’nl"lJ (x) = }11_%3 (L+h)-=2
For f(x) to be continuous, LHL=RHL

=21l+a=2 = a=1

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —
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Since tan x and cot x are periodic functions with period . So, f(x) is also periodic with period

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

it is not continuous atx = 0, +n/2, 4w, # 3w /2

Also, f(x) is not differentiable x = /4,31 /4,57 /4 etc

Y

tan x cot x

.
'
'

P
'
]
P

]
]
]

3n mIN_.E 0O 1 =
: 4 2 4 4 2
icot x\/ tan x
y
164 (c)
We have,
f0) = {Ix| — |x — 13?
(=x+x-1)%  ifx<0
2fE)={x+x-1)% if0<x<1
(x—x+1)%, ifx=>1
T ifx <0
=>f(x)=[(2x—l)2, ifl<x<1
1, ifx =1
:f'(x}={ 0, ifx<0.0rifx>1
4(2x — 1), ifo<x <1
165 (b)
We have,
F'(xo) = lim f(x) = f(xo)

X—=Xg X —Xg
i o (x — x0)p(x) — 0
=) = xh—rr?g (x — xq)

= f'(x0) = lim ¢(x) = bxo) [

* ¢(x) is continuous at x = x,]

166 (b)
Since, xl_l}g fx)=fR2)=k
= kzilli_r‘réf(z-l—h)

M.
> k= im [(2 +h)?+ 92'f2+1‘=}]

=l

= lim [4+h% + 4h + e V/0] " =

167 (c)

For f(x) to be continuous at x = /2, we must

have

lim f(x) = f(m/2)

x—=mf2

& T 1—sinx logsinx

x-mf2 (m — 2x)? . log(1 + m2 — 4mx + 4x2) -

v

PN\ 32n iT
! 4
E cotxV tan x|

ﬂliml_CDth logcosh _

h—0 4h? log(1 + 4h?)

. 1—cosh log{l+cosh—1}
:}3_1'1% 4p? X cosh—1

g 4h? . cosh—1 i
log(1 + 4h?) 4h?
S i (1 — COoS h)z log(l + (cosh — l))
h—=0\ 4h2 cosh—1

g 407
log(1 + 4h2)

 [sinh/2\* log(1 + (cos h — 1))
= —lim
h-0\ 2 h2 cosh—1

k

4h?
X—— =
log(1 + 4h?)
1 (sin h/2)4 log(1+ (cosh —1))

e

64};% h/2 cosh—1

X 4 =k
log(1+ 4h%)
1

= ——=

64

168 (c)

BT o s Ee sin5(0—h)

LHL= Ll_l.%f(ﬂ = %;]_1;% (0—h)2+2(0—h)
sin5h

= —lim—22—=

h—-u%(h,.z) T2

Since, itis continuous at x = 0, therefore LHL=

169 (a)
Since f(x) is continuous atx = 0

“I cimre=r@=o0
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1 1 1 3

=>Iimx“sin(—)=0=>n>0 =2at+2=-=c=c=-,a=——andb

x=0 x 2 2 2
f(x) is differentiable at x = 0, if € R - {0}
lim -’f—(i}—_-é—@lexists finitely 173 (9)
g x; o For f(x) to be continuous at x = 0, we must have
= lim ——%— exists finitely lim f(x) = f(0)

x=0 X X0

x _ X __

= lim x" 1sin (j—lc) exists finitely = lim (3 LA -1 =5,

¥=0 *204/2 — /2 cos?x/2
>n—1>0=2n>1 (9% — 1)@ - 1)
Ifn <1, then lim x"1gin e) does not exist and = lim V2. 2sin?x/ =
hence f(x) is not differentiable at x = 0 165% (9x_1) (4x_1)
Hence f(x) is continuous but not differentiable at = lim X ==k
x=0for0<n<liene(01] ol 2@(%)

X
170 (b) 16

Clearly, f(x) is not differentiable at x = 3 = 2—\@]0{-; 9.log4 =k = 4V2log9.log4
Now, li = li 3—nh

ow, Mim f(x) = fim f(3—h) = 16v2log 3log2
= R 174 (b)
=0 Given, f(x) = [tan® x]

. - . _ T il
an:§1+ fx) = E_ga f(3+h) Now, llir{l}f(x] -ll_l”llli[tal’l x]=0
= lim 3+h=-3|=0 And f(0) = [tan?0] = 0
ancti f3)=13-31=0 Hence, f(x) is continuous atx = 0
~ f(x)iscontinuous atx = 3 175 (b)

171 (a) Let, f(x) = x
It can easily be seen from the graphs of f(x) and Which is continuous at x = 0
that both are continuous at x = 0 Also, flx+y)=f(x)+ f(y)
Also, f(x) is not differentiable at x = 0 whereas = fl0+0)=f(0)+f(0)
g(x) is differentiable atx = 0 = 0_+ 0
We have_ f(l+u) =f(1)+f(0)

: T8 _ > f(1)=1+0
Ipre=pmro-n = I

= lim — o i 1; e As, it satisfies it.
h—0 —

g Iirgn_ fFlx) = }lirra £(0—h) Hence, f(x) is continous for every values of x
X =+

176 (c)
. ([sin(a+ 1)h sinh eSnY 5
= }gr[l!{ h T h } Here,gof = {el—cnsx| <0
= xliré]_f(x) = }li_rf{]]f(ﬂ -h=(@+1)+1 - LHD= }lli_%goﬂﬂ-!i-gwfh}
=a+2 el-tosh _ pl-cosh
i =1li = li =0
and, x‘i% f(x) }ll_r:[[}J fO+h) i) —h
VR + bRz — VR RHD= |im 22090/ ()
= lim f(x) = lim ——————— h—0 h
x=0F h—0 h h3/2 esin R |gsir‘:h
> lim f(x) = li h+ bh* —h =Lin‘éT=0
im f(x) = lim =
el #=0 ph3/2(vh + bh? — v'h) Since, RHD=LHD=0
S, e = (gof) (0) =0
h=01+bh+1 2 177 (b)
Since, f(x) is continuous at x = 0. Therefore, We have,

lim £() = lim £() = £(0)

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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178

179

180

181

182

c+D2EH =x+1?2  x<o0

F(x) 0, x=0

(x + 1* (x x)—(x+l) x>0
Clearly, f(x) is everywhere l.ontmuous except
possibly atx =0
Atx = 0, we have
lim f(x)= lim(x+1%=1
x=0" x=-0"

2
and, lim, f(x) = lim(x + 1)% % = lim(x + 1)-2/x

lug( 14x) =02

1m f(x)= er
Clear]y, xlircr’:_ flx)= Jlﬂﬁf{x)
So, f(x) is not continuous atx = 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)
m =

x=0 X
Jog(1 + log(1 — b
L e e (8 S )]
0 ax x—-u —hx
=2>at+b=k
(<)

Since f(x) is continuous at x = 0
= f(0) = lim £(x)

© = tim (27 — 2 )3 —
" _
f(0) = lim == 3(243+5x)”*

2(27-22)" 3(=2)

=k

[Formg]
orm 0

= f(0) = lim 2
Ly —-(243 +52)75(5)

-(-3(-9%=

(d)

- e2X¥_1-2x

x—0 x{eZ¥-1)

— i 2e?%-2
x—0 (e2%—1)+2xe?¥
= i =
x_.u 4ei¥ paxel¥
Since, f(x) is continuous at x = 0, then

lim f(x)=f(0) = 1=/f(0)

(b)

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

may or may not be differentiable atx = a
- Option (b) is correct

[using L ‘Hospital rule]

=1 [using L ‘Hospital’s rule]

(<)

Letf(x)=|x—1]+]x— 3|
x—1 +4+x—-3 ,x=3

={x—=14+3—-x 1=x<3

T=x =HF—% ¥

183

2] =l

4 -2x,x=<1
At x = 2, function is
flx) =2
= fl(x)=0
(d)

We have,

le—4.x23

(x+1) e_&%) =(x+1), x<0

(x+1) e"e*'i) =(x+De*,x>0

Clearly, f(x) is continuous for all x = 0

So, we will check its continuity atx = 0

We have,

(LHLatx =0) = lim f(x) =lim(x+1) =1
x=0 x=0

S = ]i =i —2/x
(RHL at x = 0) xll%hf(x) Jlfl_r.r[},{x +1) e

f&x) =

I x+1 i
= x50 e2/x
4 JLIE[_]C(JC) ¥ x—olﬂlp}!(x]

So, f(x) is not continuous atx =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 ()

185

Since, it is a polynomial function, so it is
continuous for every value of x exceptat x = 2
LHL= lim x —1

X=27
- lim 2—h-1=1
RHL— Iim2x—3 = hm2(2+hj -3=1

X—O
And f(2)=2(2)—-3=1
~ LHL+RHL= f(2)
Hence, f(x) is continuous for all real values of x
(c)
Continuity atx = 0

i tanx « —tanh
LHL= lim —=lim——=1
x—0- X he0  —=h
. tan h
= lim =1
h—0 h

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

fF(0=h)= f(ﬂ) tmlﬁ—h)_l

Y i

LHD= 11 c- e }11_1"% i
il Lm +

— 3 _

5 - i— 2

Lan f

’i E

B T 3 15 e

Y 0

~ LHD=RHD

Hence, it is differentiable.
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186 (b)

187

188

189

190

We have,

Jim £5) = Jime = 1) =

and,

x“"ql f(x)= !{iml(;u:3 —-1)=0.Also, f(1)=1—
1=0

So, f(x) is continuousatx = 1

Clearly, (f'(1)) =3and Rf'(1) =1
Therefore, f(x) is not differentiableatx = 1

(d)
We have,
x—x
= =1 ifx<Oorx>1
Xe—x
x—x
flx)= —{2—):—1, ifo<x<1
xXc—Xx
i [ ifx=20
-1, Ex =k

Lifx<0orx>1
:’f(xJ‘{ ~1,if0<x<1
Now,
x]E?)]* flx)= ll_r]?)l = 1and, leI(I]‘lJrf(;r) = glc]—r-[}) -1 =
-1
Clearly, ler(t]i_ [(x) # lerll}“l+ f(x)
So, f(x) is not continuous at x = 0. It can be easily
seen that it is not continuous atx = 1

(b)

We have,

flx)=|x—1] + |x - 3|
—(x—-1)—(x-3), xr<1

=2fx)=4(x—=1)—(x—3), 1<x<3
(x—1)+(x—-3), x=3
—2x + 4, x<1

=2 f(x) =4 2, 1=<x<3
2x — 4, x=3

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

- (1+h-1)"
lim = —
h—0 logcos™(1+h—1)
h'ﬂ
= lim —=—
h-0 mlogcosh
% Ah2
= lIm—a——=
mm{— sin h)
[using L ‘Hospital’s rule]
ny pn—2
= () L‘Lﬂom =d
h
> n=2and==1
m

=

-1

= m=n=2
191 (<)
2
Given, f(x) = %
Since,atx =1,—1,-3, f(x) =
Hence, function is discontinuous
193 (a)
LHL= lim f(x) =1lim [1-(1-h)?] =0
X1 h-+0
RHL= lim_f(x) = lim{1+ (1 +h)?} =2
x=1* h—0
Also, f(1) =0
= RHL # LHL = f(1)
Hence, f(x) is not continuous atx = 1
194 (c)
[t is clear from the graph that minimum f(x) is
y=-x+1

y=x+1
L5 /
‘.\
\\
. =
PR, - S yv=1

7
fFlx)=x+1, Vx€ER
Hence, it is a straight line, so it is differentiable
everywhere

195 (c)

Since, f(x) is continuous at x ———E

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

(d) iirrl1 (mx+1) = lim_ (sinx +n)
We have, o il e
2 2
LF'(0) = 0and Rf'(0) = 0 + cos 0° = 1 m .
—+1=sin—+
 Lf'(0) # Rf'(0) — g e
Hence, f'(x) does not existat x = 0 = FER
(c) 196 (a)
Given, g(x) = %; 0<x<2 m%# This function is continuous at x = 0, then
= 2
' =i w1 im loge(1 + x< tan x) = £(0)
0, nareintegersand |[x — 1| = {1 i e b sin x3
The left hand derivative of |[x — 1| atx = 1lisp = log {1 + x? (x +x—3+. )]
-1 > lim — = £(0)
x= i D
Also, li1'£1+ gx)=p=-1 g
X
L--------------_------------------_------------------------J
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_ loge(1 + x%)
> lim —5———=f(0)
x — — —
31 ' 5
[neglecting higher power of x in x? tan x|
g xS a?
lim——2 " 3" _ (q)
= lim =
X0y X 4 X
X +3‘. 5!
= 1=f(0)
197 (a)

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

7 . el <
ie, lm% xP sin== (0)? since = 0, when, 0 < p <
X=
o ..(i)
. hPsint—0
Now, RHD= lim
h=0 h

(~h)P sin(—)-0
—

, S
=lim h?"1sin-
h=0 h

LHD= lim
h—0

1

= lim (—1YPHP=1 cipy—
.!IIE]D( 1)Ph Smh

Since, f(x) is not differentiable atx = 0

p<1 ..(i
From Egs.(i) and (iii)), 0 <p <1
198 (a)
We have,
: ~ sinx?  [sinx?
S0 == =LLI%( X2 ) = X0
=0=f(0)

So, f(x) is continuous at x = 0. f(x) is also
derivable at x = 0, because
lim fE 1) lim

sinx? . sinx?
= lim

— =1 exists
x—0  x=0 x—0 X x—=0 X
finitely
199 (a)

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

such that
[f(x)—fla)|<e = |x—al<d
200 (a)
We have,
f(x) =x—|x—x?, -1<x<1
x+x—x%, —1<x<0
=’f(x)_{x—(x—xz), 0<x<1
2x — x2, -1<x<0
= =
f@&) { %, D=xsd
Clearly, f(x) is continuous atx = 0
Also,
. ey . s 2 T e T
xEEI}j_f(x)—x]_lﬁllzx x*=—2—-1=-3
= f(-1)
and,

Jip £ = Jim = 1= 1)

201
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So, f(x) is right continuous at x = —1 and left
continuous atx = 1
Hence, f(x) is continuous on [—1,1]
(b)
Since | sinx | and |e*! are not differentiable at x =
0. Therefore, for f(x) to be differentiable at x = 0,
we must have @ = 0, = 0 and ¢ can be any real
number
(a)
We have,
flu+v) = f(u) + kuv — 2v? forallu,v € R
(1)
Putting u = v = 1, we get
fR=fD)+k-2=28=2+k—-2=k=8
Puttingu = x,v = hin (i), we get
x+h)—f(x

PR Oy o

. fle+h) - fx)
= lim =

h—0 h

=8x

kx = f'(x)
[« k=48]
(b)
Given, f(x) = sin™! (=)
1 d 2x
T g E(1 + xz)
1= (sz)
2L -5y
(14 x2)2

+ Pl =

1+ x?
X
1+ x%)?2
= A [ <

2
2 1-2 522

il b —
1+x2  |1—x?

L if|x| > 1
~ f'(x) does not exist for |x| = i,ie,x = £1
Hence, f(X) is differentiable on R — {—1,1}
(a)

s _ i ki LY
LHL= xll,%]- f(x) —}il_l?‘{]) h sin (_h) 0

— T s R )
RHL= xll’l;tll_'_f(x) — !Iz_r%h sin (h) =0
~ LHL=RHL= f(0), it is continuous

s — 11 [FO=R)—F(0)
CHD= i POl ™ ]

—hsin=—0
= lim [—"]=does not exist
h=0| -h

= f(x) is not differentiable atx = 0
~ f(x) is continuous at x = 0 but not
differentiable atx = 0
(b)
Since, |x — 1] is not differentiable atx = 1
So, f(x) = |x — 1]e* is not differentiable at x = 1
Hence, the required setis R — {1}

(d)
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We have, = Fitd = 1o limf(h) —~1
; . fx+h)—f(x) h=0
frx) = lim " _1+hg ()G -1
= f'(x) = f(x) - lim
500 = i f(x)f(h) = f(x) [+ flx +) h=0 h
= E h LT = f'(x)=f(x)- limg(h) G(h)
= fl)fl = f'(x) = f(x) lim G(h) lim g(h) = ab f (x)
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